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National Semiconductor

Introduction

National continues its leadership in both Analog and Inter-
face with innovations in performance, packaging, and inte-
gration. We are pleased to bring you highlights of all our
Analog and Interface products in this databook.

Since the late 1960s, when our first operational amplifiers
and regulators were developed, National has been a lead-
ing manufacturer of analog integrated circuits. Interface
products, beginning with line drivers and receivers, were
added in 1973. From the first monolithic regulator, the
LM100, to the new chip-scale-packaged product families,
many of these products have been “firsts” in performance
and function.

The 2001 Analog/Interface Databook contains abbreviated
datasheets for thousands of Analog and Interface prod-
ucts. Providing an overview of product capabilities and ap-
plications, these short datasheets are the first few pages
extracted from the complete document. Selection guides
give additional assistance in selecting the products
needed to meet the system requirements.

A CD-ROM accompanies this databook, containing the full
datasheet for each product. In addition, the CD-ROM in-
cludes application notes, information on Military-
Aerospace products, and complete mechanical specifica-
tions for packages.

Information on all National products, including those re-
leased since this publication, can be found on the National
web site at www.national.com.
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Product Status Definitions

Definition of Terms

&National Semiconductor

Product Status Definitions

Data Sheet Identification

Product Status

Definition

Advance Information

Formative or

This data sheet contains the design specifications for product

In Design development. Specifications may change in any manner without
notice.
Preliminary First This data sheet contains preliminary data, and supplementary
Production data will be published at a later date. National Semiconductor
Corporation reserves the right to make changes at any time
without notice in order to improve design and supply the best
possible product.
No Full This data sheet contains final specifications. National
Identification Production Semiconductor Corporation reserves the right to make changes at
Noted any time without notice in order to improve design and supply the
best possible product.
Obsolete Not In Production This data sheet contains specifications on a product that has

been discontinued by National Semiconductor Corporation. The
data sheet is printed for reference information only.

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to im-
prove reliability, function or design. National does not assume any liability arising out of the application or use of any product
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.
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ADCO08131 8-Bit High Speed Serial I/O A/D Converter with Multiplexer Options, Voltage
Reference and Track/Hold Function. . ........... . i i

ADCO08134 8-Bit High Speed Serial I/O A/D Converter with Multiplexer Options, Voltage
Reference and Track/Hold Function. . .......... .. i i

ADCO08138 8-Bit High Speed Serial I/O A/D Converter with Multiplexer Options, Voltage
Reference and Track/Hold Function. . .. ... ... .. i

ADCO08161 500 ns A/D Converter with S/H Function and 2.5V Bandgap Reference. . . .. ..
ADCO08351 8-Bit, 42 MSPS, 40 MW A/D Converter. . .. ... .. ov it i

ADCO08831 8-Bit Serial /O CMOS A/D Converters with Multiplexer and Sample/Hold -
FUNCHON. . . .o e

ADC08832 8-Bit Serial I/0 CMOS A/D Converters with Multiplexer and Sample/Hold
FUNCHON. . .o e

ADC10030 10-Bit, 30 MSPS, 125 mW A/D Converter with Internal Sample and Hold. . . ..
ADC10061 10-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold. . ... .. ..
ADC10062 10-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold. . . ... ...
ADC10064 10-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold. . . ... ...

ADC10154 10-Bit Plus Sign 4 microseconds ADCs with 4- or 8-Channel MUX, Track/Hold
and Reference. . . ... . e e

ADC10158 10-Bit Plus Sign 4 microseconds ADCs with 4- or 8-Channel MUX, Track/Hold
and ReferencCe. ... ... e e e

ADC10221 10-Bit, 15MSPS, 98mW A/D Converter with Internal Sample and Hold. ... ....
ADC10321 10-Bit, 20MSPS, 98mW A/D Converter with Internal Sample and Hold. . ... ...
ADC10461 10-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold. .. ... ...
ADC10462 10-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold. . . ... ...
ADC10464 10-Bit 600 ns A/D Converter with Input Multiplexer and Sample/Hold. . . .. .. ..
ADC10662 10-Bit 360 ns A/D Converter with Input Multiplexer and Sample/Hold. . ... .. ..
ADC10664 10-Bit 360 ns A/D Converter with Input Multiplexer and Sample/Hold. . . ... ...

ADC10731 10-Bit Plus Sign Serial I/O A/D Converters with Mux, Sample/Hold and
L= =1 (=] o]

ADC10732 10-Bit Plus Sign Serial I/O A/D Converters with Mux, Sample/Hold and
CREfereNCe. . .. e e

ADC10734 10-Bit Plus Sign Serial 1/0 A/D Converters with Mux, Sample/Hold and
Reference. . ... e

ADC10738 10-Bit Plus Sign Serial /O A/D Converters with Mux, Sample/Hold and
Reference. . . ..o e

ADC12030 Self-Calibrating 12-Bit Plus Sign Serial /0 A/D Converters with MUX and
Sample/HOId. . . ..o e .

ADC12032 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converters with MUX and
Sample/Hold. .. .................. e e e e e e
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ADC12034 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converters with MUX and

Sample/HoId. . . .. e 6-80
ADC12038 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converters with MUX and

Sample/HoId. . . .. e 6-80
ADC12041 12-Bit Plus Sign 216 kHz Sampling Analog-to-Digital Converter. ............ 6-88
ADC12048 12-Bit Plus Sign 216 kHz 8 Channel Sampling Analog to Digital Converter....  6-91
ADC12081 12-Bit, 5 MHz Self-Calibrating, Pipelined A/D Converter with Internal Sample &

Hold. . o 6-95
ADC12130 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and

Sample/HoId. . . .. e 6-99
ADC12132 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and

Sample/Hold. . .. ... 6-99
ADC12138 Self-Calibrating 12-Bit Plus Sign Serial I/O A/D Converter with MUX and

Sample/Hold. . . .. 6-99
ADC12181 12-Bit, 10 MHz Self-Calibrating, Pipelined A/D Converter with Internal Sample

& HOI. .. 6-103
ADC12191 12-Bit, 10 MHz Self-Calibrating, Pipelined A/D Converter with Internal Sample

& HOI. .. 6-107
ADC12281 12-Bit, 20 MSPS Single-Ended Input, Pipelined A/D Converter . ............ 6-111
ADC14061 Self-Calibrating 14-Bit, 2.5 MSPS, 390 mW A/D Converter. .. .............. 6-115
ADC14071 14-Bit, 7 MSPS, 380 mW A/D Converter. . . ... oottt e ee 6-120
ADC14161 Low-Distortion, Self-Calibrating 14-Bit, 2.5 MSPS, 390 mW A/D Converter.... 6-124
ADC16061 Self-Calibrating 16-Bit, 2.5 MSPS, 390 mW A/D Converter. .. .............. 6-129
ADCV0831 8 Bit Serial I/O Low Voltage Low Power ADC with Auto Shutdown in a SOT

Package. . . ... 6-134
CLCO005 ITU-T G.703 Cable Driver with Adjustable Outputs .. ... .................... 10-5
CLCO006 Serial Digital Cable Driver with Adjustable Outputs. . ... ..................... 10-7
CLCO007 Serial Digital Cable Driver with Dual Complementary Outputs. ... ............. 10-8
CLCO11 Serial Digital Video DECOEr. . . . ...ttt e it 10-9
CLCO012 Adaptive Cable Equalizer for ITU-T G.703 Data Recovery. ................... 10-11
CLCO014 Adaptive Cable Equalizer for High-Speed Data Recovery.................... 10-13
CLCO016 Data Retiming PLL with Automatic Rate Selection. .. ....................... 10-15
CLCO18 8 x 8 Digital Crosspoint Switch, 1.4 Gbps. . . .. ... ... . e 10-17
CLC020 SMPTE 259M Digital Video Serializer with Integrated Cable Driver............. 10-18
CLC021 SMPTE 259M Digital Video Serializer with EDH Generation/Insertion. . .. ....... 10-20
CLC111 Ultra-High Slew-Rate, Closed-Loop Buffer. . ................ ... ...ccivun... 2-15
CLC114 Quad, Low-Power Video Buffer. . ........ ... ... ... . i, 2-17
CLC400 Fast Settling, Wideband Low-Gain Monolithic Op Amp. . ..................... 2-19
CLCA401 Fast Settling, Wideband High-Gain Monolithic Op Amp. .. ........... ........ 2-21
CLC404 Wideband, High-Slew Rate, Monolithic Op Amp. .. ......... ... ... . 2-23
CLC405 Low-Cost, Low-Power, 110MHz Op Amp with Disable. .. .................... 2-25
CLC406 Wideband, Low-Power Monolithic Op AMP. . ot 2-27
CLC409 Very Wideband, Low Distortion Monolithic Op Amp. . ....................... 2-29
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CLC410 Fast Settling, Video Op Amp with Disable. .. ............. ...,
CLC411 High-Speed Video Op Amp with Disable. . ......... ... ... .. ... iiiinn..
CLC412 Dual Wideband Video Op AMP. . . ..ottt it e et et ei e
CLC414 Quad, Low-Power Monolithic Op Amp. . ... ..ot e
CLC415 Quad, Wideband Monolithic Op Amp. . . .. ...t e et
CLC420 High-Speed, Voltage Feedback Op Amp. . . .. ..o it i
CLC425 Ultra Low Noise Wideband Op Amp. . ... .ottt et e e
CLC426 Wideband, Low-Noise, Voltage Feedback Op Amp. .. ............ccovivn...
CLC428 Dual Wideband, Low-Noise, Voltage Feedback Op Amp. .. ..................
CLC430 General Purpose 100MHz Op Amp with Disable. . .........................
CLC431/432 Dual Wideband Monolithic Op Amp with Disable. . ......................
CLC440 High-Speed, Low-Power, Voltage Feedback Op Amp. .......................
CLC446 400MHz, 50mW Current-Feedback Op Amp. .. .. .ot i ittt
CLC449 1.1GHz Ultra-Wideband Monolithic Op Amp. . . . ... ..o
CLC450 Single Supply, Low-Power, High Output, Current Feedback Amplifier...........
CLC452 Single Supply, Low-Power, High Output, Current Feedback Amplifier. . .........
CLC501 High-Speed, Output Clamping Op AmMp. . . ..ot i e e i
CLC502 Clamping, Low-Gain Op Amp with Fast 14-bit Settling. ......................
CLC505 High-Speed, Programmable-Supply Current, Monolithic Op Amp. .. ............
CLC520 Amplifier with Voltage Controlled Gain, AGC +Amp. . . ... ..o vviiinnnnn.n..
CLC522 Wideband Variable-Gain Ampilifier. .. .......... i
CLC532 High-Speed 2:1 Analog Multiplexer. . . ...t ie s
CLC533 High-Speed 4:1 Analog Multiplexer. . . .. ...t
CLC5506 Gain Trim Amplifier (GTA). . . .ottt
CLC5509 Ultra-Low Noise Preamplifier. ... ...t
CLC5523 Low-Power, Variable Gain Amplifier. .. ....... ... i
CLC5526 Digital Variable Gain Amplifier (DVGA). . . .. oottt
CLC5602 Dual, High Output, Video Amplifier. ... ........ .. ... i,
CLC5612 Dual, High Output, Programmable Gain Buffer. . . .........................
CLC5622 Dual, High Output, Video Amplifier. . .. .......... ...
CLC5623 Triple, High Output, Video Amplifier. . .. ......... ... o i,
CLC5632 Dual, High Output, Programmable Gain Buffer. . ..........................
CLC5633 Triple, High Output, Programmable Gain Buffer. ..........................
CLC5644 Low-Power, Low-Cost, Quad Operational Amplifier. . . ......................
CLC5654 Very High-Speed, Low-Cost, Quad Operational Amplifier. . ..................
CLC5665 Low Distortion Amplifier with Disable. .. ......... ... .. .. o,
CLC5801 High Speed Low Noise Voltage Feedback Amplifier. . . .......,.............
CLC5802 Dual Low-Noise, Voltage Feedback Op Amp. . . . ... oo it i e
CLC5956 12-bit, 65 MSPS Broadband Monolithic A/D Converter. . . .............ccv...
CLC5958 14-Bit, 52 MSPS A/D COoNVerer. . . oottt et ettt e it i e e

COPB8ACCS5 Family 8-Bit CMOS ROM Based and OTP Microcontrollers with 4k or 16k
Memory and High Resolution A/D. ... .. ..ot e e
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COP8SA Family 8-Bit CMOS ROM Based and One-Time Programmable (OTP)

Microcontroller with 1k to 4k Memory, Power On Reset, and Very Small Packaging. . . . . 3-63
COP8SBRS9 8-Bit CMOS Flash Based Microcontroller with 32k Memory, Virtual EEPROM,

and BrowWnOoUL. . . ... e, 3-103
COP8SCR9 8-Bit CMOS Flash Based Microcontroller with 32k Memory, Virtual EEPROM,

aNd BrOWNOUL. . . ..ot e 3-103
COP8SDR9 8-Bit CMOS Flash Based Microcontroller with 32k Memory, Virtual EEPROM,

and Brownout. . . ... .. e e 3-103
COPS8SE Family 8-Bit CMOS ROM Based and OTP Microcontrollers with 4k Memory and

128 Bytes EERAM. . . ... ot e 3-24
COP8SG Family 8-Bit CMOS ROM Based and OTP Microcontrollers with 8k or 32k

Memory, Two Comparators, and USART. . . ...t ee e e 3-72
COP87L84BC 8-Bit CMOS OTP Microcontrollers with 16k Memory, Comparators, and

CAN INterace. . . oot e e e e 3-82
COP87L84CL 8-Bit One-Time Programmable (OTP) Microcontroller. .. ................ 3-68
COP87L88CF 8-Bit CMOS OTP Microcontrollers with 16k Memory and A/D Converter.... 3-88
COP87L88CL 8-Bit One-Time Programmable (OTP) Microcontroller. .. ................ 3-68
COP87L88EB Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory, CAN

Interface, 8-Bit A/D, and USART . ... .. it et ettt e i 3-84
COP87L88EK Family 8-Bit CMOS OTP Microcontrollers with 8k or 32k Memory,

Comparator, and Single-slope A/D Capability. . ........... ..., 3-95
COP87L88FH 8-Bit CMOS OTP Microcontrollers with 16k Memory, Comparators, USART

and Hardware Multiply/Divide. . . . ... ..ot e 3-78
COP87L88GD Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory and

8-Channel A/D with Prescaler. . . . ...ttt 3-92
COP87L88RB Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory, CAN

Interface, 8-Bit A/D, and USART. .. ... it i et ettt e e e i 3-84
COP87L88RD Family 8-Bit CMOS OTP Microcontrollers with 16k or 32k Memory and

8-Channel A/D with Prescaler. . . ...ttt et 3-92
COP87L88RK Family 8-Bit CMOS OTP Microcontrollers with 8k or 32k Memory,

Comparator, and Single-slope A/D Capability. .. ........... ... 3-95
COP87L88RW 8-Bit One-Time Programmable (OTP) Microcontroller with Pulse Train

Generators and Capture Modules. . . . ... i e 3-99

COP87LxxCJ 8-Bit CMOS OTP Microcontrollers with 4k or 32k Memory and Comparator..  3-60
COP87LxxRJ 8-Bit CMOS OTP Microcontrollers with 4k or 32k Memory and Comparator..  3-60

COPB80OC Microcontrollers. . . ..ottt e e et e e e e 3-14
COPB81C Microcontrollers. . . .. oottt e ettt e et et e e 3-14
COPB82C Microcontrollers. . . ... .ottt e et e ettt e e 3-14
COP684CL 8-Bit Microcontroller. . .. ... i i e e e 3-20
COPB88CL 8-Bit MIiCrOCONIIONET. . . . . . o e e e e ettt e e e e e et e 3-20
COP820C Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory. .. .. .. 3-12
COP820CJ Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory,

Comparator and Brown Qut Detector. . . ... ...t it 3-17
COP840C Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory. .. . ... 3-12
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COP840CJ Family 8-Bit CMOS ROM Based Microcontrollers with 1k or 2k Memory,
Comparator and Brown Qut Detector. . . ... ... ... i i

COPB88B0OC Microcontrollers. . . .o v v e ettt i et e e e e
COPS881C MiICroCoNtrollers. . . oo v it e et e et e e et e
COP882C Microcontrollers. . . ... vt it i e ie e e

COP884BC 8-Bit CMOS ROM Based Microcontrollers with 2k Memory, Comparators, and
CAN INterface. . . ..o ot e e Y e

COP884CL 8-Bit Microcontroller. . . ...t e e e

COP885BC 8-Bit CMOS ROM Based Microcontrollers with 2k Memory, Comparators, and
CAN INterface. . . ..o e e

COP888CF 8-Bit CMOS ROM Based Microcontrollers with 4k Memory and A/D Converter.
COP888CL 8-Bit Microcontroller. . . . .. ... ...t e

COP888CS Family 8-Bit CMOS ROM Based Microcontrollers with 4k to 24k Mémory,
Comparators and USART . . .. ..ottt e e et e e e

COP888EB 8-Bit CMOS ROM Based Microcontrollers with 8k Memory, CAN Interface,
8-Bit A/D, and USART . . ...ttt e

COPB888EK 8-Bit CMOS ROM Based Microcontrollers with 8k Memory, Comparator, and
Single-slope A/D Capability. . . .. ..o e

COP888FH 8-Bit CMOS ROM Based Microcontrollers with 12k Memory, Comparators,
USART and Hardware Multiply/Divide. . .. ......... ... i o i

COP888GD 8-Bit CMOS ROM Based Microcontrollers with 16k Memory and 8-Channel '

COP888GW 8-Bit Microcontroller with Pulse Train Generators and Capture Modules. . . . .

COP888xG Family 8-Bit CMOS ROM Based Microcontrollers with 4k to 24k Memory,
Comparators and USART . . .. ...t e e e e e

COP912C 8-Bit Microcontrollers. .. ............. e e -

COP912CH 8-Bit Microcontrollers. . . . .. ...ttt e e e e e
COP980C MiIiCroCoNtrollers. . . .. ot ittt e e e e e e e
COP981C MiICrocontrollers. . . ..o cv sttt e e e e e e e et it
COP982C MiICroCONtrOllerS. . . .o vt ittt et e e e e e e e e e
COP984CL 8-Bit Microcontroller. . . .. ........ ... o, v eaaanefan ..

COP988CL 8-Bit Microcontroller. . . ...t i e e

DACO0800 8-Bit D/A CONVeMer. . . ..ottt e et et e e

DACO0802 8-Bit D/A CONVEIET. . . . oottt e e e ettt e
DACO0808 8-Bit D/A CONVEIEr. . . . ..ttt ettt e et i

DACO0830 8-bit Microprocessor Compatible, Double-Buffered D/A Converter. . ...........
DACO0832 8-bit Microprocessor Compatible, Double-Buffered D/A Converter. . ...........
DS14C88 Quad CMOS Line Driver. . . . . ..ot e e e e et i e
DS14C89A Quad CMOS RECEIVET. . . ..o ittt it et et et e e e iaaa s
DS14C232 Low Power +5V Powered TIA/EIA-232 Dual Driver/Receiver. ...............
DS14C238 Single Supply TIA/EIA-232 4x4 Driver/ReCeiVer. . . ... ..vvveeeeeienneann
DS14C241 Single Supply TIA/EIA-232 4x5 Driver/Receiver. . . .......................
DS14C335 +3.3V Supply TIA/EIA - 232 3X5 Driver/Receiver. . ...............cooou...

3-32
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DS14C535 +5V Supply EIA/TIA-232 3 x 5 Driver Receiver. ... ......... ... ... .....
DS16F95 EIA-485/EIA-422A Differential Bus Transceivers. .. ...........cccoiue. ..
DS26C31M CMOS Quad TRI STATE Differential Line Drivers. .. ..................
DS26C31T CMOS Quad TRI-STATE Differential Line Drivers. .. ...................
DS26C32AM CMOS Quad Differential Line Receivers. .. ....... ... ... ... ... .. ..
DS26C32AT CMOS Quad Differential Line Receivers. .. ...,
DS26F31M Quad High Speed Differential Line Drivers. . . ........... ... ... ... ....
DS26F32M Quad Differential Line Receivers. . ........ ... ...
DS26LS31C Quad High Speed Differential Line Drivers. .. .......................
DS26LS31M Quad High Speed Differential Line Drivers. .. ......... ... ... .. .....
DS26L.S32AC Quad Differential Line Receivers. . ............ ..
DS26L.S32C Quad Differential Line Receivers. .. ........ .. ... i
DS26L.S32M Quad Differential Line Receivers. . ... ... ... .. i
DS26LS33M Quad Differential Line Receivers. . . ... ... .
DS26LV31T 3V Enhanced CMOS Quad Differential Line Driver. . ..................
DS26LV32AT 3V Enhanced CMOS Quad Differential Line Receiver. . ..............
DS26S10 Quad BUs TranSCeIVErS. . . .. .ottt e et
DS34C86T Quad CMOS Differential Line Receiver. . ......... .. ... . . ...
DS34C87T CMOS Quad TRI-STATE Differential Line Driver . . . ...................
DS34LV86T 3V Enhanced CMOS Quad Differential Line Receiver. . . ...............
DS34LV87T Enhanced CMOS Quad Differential Line Driver. . . ....................
DS36C200 Dual High Speed Bi-Directional Differential Transceiver. .. ..............
DS36C278 Low Power Multipoint TIA/EIA-485 Transceiver. .. .....................
DS36C279 Low Power TIA/EIA-485 Transceiver with Sleep Mode. . ................
DS36C280 Slew Rate Controlled CMOS TIA/EIA-485 Transceiver. . ................
DS36F95 EIA-485/E1A-422A Differential Bus Transceivers. .. .....................
DS38C86A CMOS BTL 9-Bit Latching Data Transceiver. .. .......................
DS78C20 Dual CMOS Compatible Differential Line Receivers. .. ..................
DS78C120 Dual CMOS Compatible Differential Line Receiver. . .. .................
DS78LS120 Dual Differential Line Receivers (Noise-Filtering and Fail-Safe). . ........
DS88C20 Dual CMOS Compatible Differential Line Receivers. . ...................
DS89C21 Differential CMOS Line Driver and Receiver Pair. . .....................
DS89C386 Twelve Channel CMOS Differential Line Receiver. .. ..................
DS89C387 Twelve Channel CMOS Differential Line Driver. . .. ... ... .. ... ...
DS90C031 LVDS Quad CMOS Differential Line Driver. . . ....... ... ... ......
DS90C031B LVDS Quad CMOS Differential Line Driver. . ............ ... ... ......
DS90C032 LVDS Quad CMOS Differential Line Receiver. . .. .....................
DS90C032B LVDS Quad CMOS Differential Line Receiver. .. .....................

DS90C363 +3.3V Programmable LVDS Transmitter 18-Bit Flat Panel Display (FPD)

Link—B5 MHz . ... e

DS90C363A +3.3V Programmable LVDS Transmitter 18-Bit Flat Panel Display (FPD)

Link-65 MHz . . . ... e
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DS90C365 +3.3V Programmable LVDS Transmitter 18-Bit Flat Panel Display (FPD)

Link-85 MHz. . . ... o e 7-14
DS90C383 +3.3V Programmable LVDS Transmitter 24-Bit Flat Panel Display (FPD)

LinK—B5 MHz. . . ..o e 7-11
DS90C383A +3.3V Programmable LVDS Transmitter 24-Bit Flat Panel Display (FPD)

Link-65 MHzZ . . . ... e .. 7-9
DS90C385 +3.3V Programmable LVDS Transmitter 24-Bit Flat Panel Display (FPD)

Link-85 MHz . . ... o i e e 7-14
DS90C387 +3.3V Dual Pixel LVDS Display Interface (LDI)-SVGA/QXGA. ... ........... 7-16
DS90C387A Dual Pixel LVDS Display Interface / FPD-Link Transmitter. . . ............. 7-18
DS90C401 Dual Low Voltage Differential Signaling (LVDS) Driver. .. .................. 9-26
DS90C402 Dual Low Voltage Differential Signaling (LVDS) Receiver.................. 9-27
DS90CF363 +3.3V LVDS Transmitter 18-Bit Flat Panel Display (FPD) Link—65 MHz. . . .. 7-6
DS90CF363A +3.3V LVDS Transmitter 18-Bit Flat Panel Display (FPD) Link-65 MHz. . . . . 7-5
DS90CF364 +3.3V LVDS Receiver 18-Bit Flat Panel Display (FPD) Link—65 MHz. . ... .. 7-7
DS90CF364A +3.3V LVDS Receiver 18-Bit Flat Panel Display (FPD) Link—65 MHz. . . ... 7-13
DS90CF366 +3.3V LVDS Receiver 18-Bit Flat Panel Display (FPD) Link—85 MHz. . ... .. 7-15
DS90CF383 + 3.3V LVDS 24-Bit Flat Panel Display (FPD) Link - 65 MHz. .. ........... 7-10
DS90CF383A +3.3V LVDS Transmitter 24-Bit Flat Panel Display (FPD) Link-65 MHz. . . .. 7-9
DS90CF384 +3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) Link—65 MHz. . .. ... 7-11
DS90CF384A +3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) Link—65 MHz .... 7-13
DS90CF386 +3.3V LVDS Receiver 24-Bit Flat Panel Display (FPD) Link—85 MHz ..... 7-15
DS90CF388 +3.3V Dual Pixel LVDS Display Interface (LDI)-SVGA/QXGA. . ............ 7-16
DS90CF388A Dual Pixel LVDS Display Interface / FPD-Link Receiver. ... ............. 7-18
DS90CF561 LVDS 18-Bit Color Flat Panel Display (FPD) Link . .. .................... 7-20
DS90CF562 LVDS 18-Bit Color Flat Panel Display (FPD) Link . .. .................... 7-20
DS90CF563 LVDS 18-Bit Color Flat Panel Display (FPD) Link - 65 MHz. . . ............ 7-24
DS90CF564 LVDS 18-Bit Color Flat Panel Display (FPD) Link - 65 MHz. .. ............ 7-24
DS90CF581 LVDS Transmitter 24-Bit Color Flat Panel Display (FPD) Link . ............ 7-26
DS90CF583 LVDS 24-Bit Color Flat Panel Display (FPD) Link - 65 MHz. . .. ........... 7-30
DS90CF584 LVDS 24-Bit Color Flat Panel Display (FPD) Link-65 MHz. . ............. 7-30
DS90CP22 2X2 800 Mbps LVDS Crosspoint SwitchCMOS. . ........................ 9-56
DS90CR211 21-Bit Channel Link. . . .. ... ... o e 9-29
DS90CR212 21-Bit Channel Link. . . . .. .. .o e el 9-29
DS90CR213 21-Bit Channel Link - 66 MHz. . .. ... ... ... . i, 9-31
DS90CR214 21-Bit Channel Link - 66 MHz. . . ....... ... ... it 9-31
DS90CR215 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel Link - 66 MHz. . . . ... 9-33
DS90CR216 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel Link - 66 MHz. . .. . .. 9-33
DS90CR216A +3.3V Rising Edge Data Strobe LVDS Receiver 21-Bit Channel

LinK—66 MHz. . .. ... e 9-45
DS90CR217 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel and Link - 85 MHz. ... 9-37
DS90CR218 +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel and Link - 75 MHz. ... 9-35

DS90CR218A +3.3V Rising Edge Data Strobe LVDS 21-Bit Channel and Link - 85 MHz. .. 9-37

www.national.com XXxvi



Alpha-Numeric IndeXx continues)

DS90CR281 28-Bit Channel Link. . . .. ... i e e e
DS90CR282 28-Bit Channel Link. . .. ... ... e
DS90CR283 28-Bit Channel-Link - 66 MHz. . .. ............. ...
DS90CR284 28-Bit Channel-Link - 66 MHz. . .. ....... ... ... ... .. .. ...

DS90CR285 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 66 MHz. . ........
DS90CR286 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 66 MHz. . ... .. ...

DS90CR286A +3.3V Rising Edge Data Strobe LVDS Receiver 28-Bit Channel
Link—66 MHzZ .. ...

DS90CR287 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 75 MHz. . ... .....
DS90CR287 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 85 MHz. . .. ......
DS90CR288 +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 75 MHz. . ........
DS90CR288A +3.3V Rising Edge Data Strobe LVDS 28-Bit Channel - 85 MHz. . .......
DS90CRA483 Serializer. . . ..ot e
DS90CRA484 Deserializer. . . . . oot e

DS90CR561 LVDS 18-Bit Color Flat Panel Display (FPD) Link ......................
DS90CR562 LVDS 18-Bit Color Flat Panal Display (FPD) Link ......................

DS90CR581 LVDS Transmitter 24-Bit Color Flat Panel Display (FPD) Link ............
DS90CR583 LVDS 24-Bit Color Flat Panel Display (FPD) Link -65 MHz. .. ...........
DS90CR584 LVDS 24-Bit Color Flat Panel Display (FPD) Link -65 MHz. .. ...........
DS90LV017 Single High Speed Differential Driver. ... ....... ... ... i,
DS90LV017A Single High Speed Differential Driver. .. ........... ... .o,
DS90LV018A 3V LVDS Single CMOS Differential Line Receiver. .. ..................
DS90LVO019 3.3V or 5V LVDS Driver/ReCeIVEr. . . . .. vttt e i e e e ee e

DS90LV027 LVDS Dual High Speed Differential Driver. . . .. ..., ..

DS90LV027A LVDS Dual High Speed Differential Driver. . .. ......... ...,
DS90LV028A 3V LVDS Dual CMOS Differential Line Receiver. .....................
DS90LV031A 3V LVDS Quad CMOS Differential Line Driver. . ......................
DS90LV031B 3V LVDS Quad CMOS Differential Line Driver. . ......................

DS90LV032A 3V LVDS Quad CMOS Differential Line Receiver. .. ...................

DS90LV047A 3V LVDS Quad CMOS Differential Line Driver. .. .....................

DS90LV048A 3V LVDS Quad CMOS Differential Line Receiver......................

DS92CK16 3V BLVDS 1 to 6 Clock Buffer/Bus Transceiver. .. ......................
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LM2640 Dual Adjustable Step-Down Switching Power Supply Controller. . . .............
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LM2651 1.5A High Efficiency Switching Regulator. .. ....... ... ... ... .. ... ... . ...
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LM2655 2.5A High Efficiency Synchronous Switching Regulator. . ....................
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Regulator with Features. . . ... ... .
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LM2677 SIMPLE SWITCHER® High Efficiency 5A Step-Down Voltage Regulator with

LM2681 Switched Capacitor Voltage Converter. . .. ............ ...
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LM2766 Switched Capacitor Voltage Converter. . .. ...... ...t .. 19-18
LM2767 Switched Capacitor Voltage Converter. ... ...t 19-20
LM2825 Integrated Power Supply 1TADC-DC Converter. .. ........... ... ... ....... 18-75
LM2876 Overture Audio Power Amp Series High-Performance 40 Watt Audio Power

Amplifier WIMURE. . . ... e 4-10
LM2901 Low Power Low Offset Voltage Quad Comparator. . . ................ien.. 5-13
LM2902 Low Power Quad Operational Amplifier. . . ........... ... ... .. ... ... ...... 1-48
LM2903 Low Power Low Offset Voltage Dual Comparator. .. ................ ... ..... 5-23
LM2904 Low Power Dual Operational Amplifier. ... ....... ... ... i i, 1-62
LM2930 3-Terminal Positive Regulator. . ........... .. . i 17-18
LM2931 Series Low Dropout Regulators. . . . ....... . i 17-19
LM2936-3.0 Uitra-Low Quiescent Current 3.0V Regulator. . .. ....................... 17-23
LM2936-3.3 Ultra-Low Quiescent Current 3.3V Regulator. . .. ....................... 17-25
LM2936-5.0 Ultra-Low Quiescent Current 5V Regulator. .. ............ ... ... ...... 17-27
LM2937 500 mA Low Dropout Regulator. . . ... 17-29
LM2937-2.5 400 mA and 500 mA Voltage Regulators. . ............................ 17-31
LM2937-3.3 400 mA and 500 mA Voltage Regulators. . ............ .. ... .. .. ... ... 17-31
LM2940 1A Low Dropout Regulator. . .. ... ... 17-33
LM2940C 1A Low Dropout Regulator. . .. .. ... o e 17-33
LM2941 1A Low Dropout Adjustable Regulator. . .. ...... ... ... ... .. i '17-35
LM2941C 1A Low Dropout Adjustable Regulator. . . ........ .. ... .. ... ... ... .. .... 17-35
LM2984 Microprocessor Power Supply System. .. ... . i 17-36
LM2990 Negative Low Dropout Regulator. .. ......... .. . i 17-37
LM2991 Negative Low Dropout Adjustable Regulator. . .................... [ 17-39
LMB046 Transistor AITay. . . . o .v vttt et e e e e e s 11-10
LM3302 Low Power Low Offset Voltage Quad Comparator. .. ......... ..., 5-13
LM3350 Switched Capacitor Voltage Converter. .. ......... ..t 19-22
LM3351 Switched Capacitor Voltage Converter. .. ............. i, 19-23
LM3352 Regulated 200 mA Buck-Boost Switched Capacitor DC/DC Converter. . ... ..... 19-24
LM3411 Precision Secondary Regulator/Driver. .. ........ .. .. ... 14-9
LM3420-4.2 Lithium-lon Battery Charger Controller. .. .. ... ... . ..o .. 11-29
LM3420-8.2 Lithium-lon Battery Charger Controller. .. .. ....... ... .. ... i, 11-29
LM3420-8.4 Lithium-lon Battery Charger Controller. . .. ............................ 11-29
LM3420-12.6 Lithium-lon Battery Charger Controller. . .. ........... . ... iiiiaon, 11-29
LM3420-16.8 Lithium-lon Battery Charger Controller. . .. ...................... B 11-29
LM3460 Precision Controller for GTLp and GTL Bus Termination. . ................... 17-41
LM3478 High Efficiency Low-Side N-Channel Controller for Switching Regulator. . . . ... .. 18-76
LM3480 100 mA, SOT-23, Quasi Low-Dropout Linear Voltage Regulator. . ... .......... 17-43
LM3488 High Efficiency Low-Side N-Channel Controller for Switching Regulator. .. .... .. 18-78
LM3490 100 mA, SOT-23, Quasi Low-Dropout Linear Voltage Regulator with

Logic-Controlled ON/OFF. . . . .. o e e 17-45
LM3524D Regulating Pulse Width Modulator. .. .. ......... ... ... .. ... .. ... ..... 18-13
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LM3525 Single Port USB Power Switch and Over-Current Protection. .. ............... 11-53
LM3526 Dual Port USB Power Switch and Over-Current Protection. .. ................ 11-55
LM3578A Switching Regulator. . . ... o e e 18-18
LM3620 Lithium-lon Battery Charger Controller. . .. ......... ... .. 11-31
LM3621 Single Cell Lithium-lon Battery Charger Controller. . .. ...................... 11-33
LM3622 Lithium-lon Battery Charger Controller. . .. ......... ... .. . ... 11-35
LM3647 Universal Battery Charger for Li-lon, Ni-MH and Ni-Cd Batteries. . ............. 11-38
LM3812 Precision Current Gauge IC with Ultra-Low Loss Sense Element and PWM

Output, for High-Side Sensing. . ........... .. ...t P 14-11
LM3813 Precision Current Gauge IC with Ultra Low Loss Sense Element and PWM

Output, for Low-Side Sensing. . . . .. ..ot e 14-11
LM3814 Fast Current Gauge IC with Ultra-Low Loss Sense Element and PWM Output, for

High-Side Sensing. . . .. ..ot e e 14-13
LM3815 Fast Current Gauge IC with Ultra Low Loss Sense Element and PWM Output, for

Low-Side Sensing. . . . ..o vt e 14-13
LM3822 Precision Current Gauge IC with Internal Zero Ohm Sense Element and PWM

OUIPUL. .« o et e e e e 14-15
LM3824 Precision Current Gauge IC with Internal Zero Ohm Sense Element and PWM

OUIPUL. . o et e e 14-17
LM3875 Overture Audio Power Amplifier Series High-Performance 56W Audio Power

AMPII . . . o e 4-16
LM3876 Overture Audio Power Amplifier Series High-Performance 56W Audio Power

Amplifier with Mute. . ... ... e 4-18
LM3886 Overture Audio Power Amplifier Series High-Performance 68W Audio Power

Amplifier with Mute. . . ... ... . e 4-20
LM3914 Dot/Bar Display Driver. . . ...t et e 4-69
LM3915 Dot/Bar Display DFIVEL. . . . ..ot ittt et e e 4-71
LM3916 Dot/Bar Display DIiVer. . . . ...t e e 4-73
LM3940 1A Low Dropout Regulator for 5V to 3.3V Conversion. . .. ................... 17-47
LM3999 Precision Reference. . . ... ... i 15-12
LM4040 Precision Micropower Shunt Voltage Reference. . .......................... 15-25
LM4041 Precision Micropower Shunt Voltage Reference. .. .......... ... ... .. .. .... 15-28
LM4050 Precision Micropower Shunt Voltage Reference. .. ......................... 15-30
LM4051 Precision Micropower Shunt Voltage Reference. .. ......................... 15-32
LM4120 Precision Micropower Low Dropout Voltage Reference. . .. .................. 15-34
LM4121 Precision Micropower Low Dropout Voltage Reference. ... .................. 15-36
LM4130 Precision Micropower Low Dropout Voltage Reference. ... .................. 15-38
LM4140 High Prceision Low Noise Low Dropout Voltage Reference. . ................. 15-40
LM4250 Programmable Operational Amplifier. . .. ....... ... . ... 1-73
LM4431 Micropower Shunt Voltage Reference. . ............. ... ... ... .. ... .. .... 15-45
LM4540 AC '97 Codec with National 3D Sound. . . ........... i, 4-90
LM4543 AC ’97 Codec with National 3D Sound. . . ........... .. i, 4-91

LM4545 AC ’97 Codec with Stereo Headphone Amplifier and National 3D Sound. .. ..... 4-92
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LM4546 AC 97 Rev 2 Codec with Sample Rate Conversion and National 3D Sound. . . .. 4-93
LM4548 AC '97 Rev 2 Codec with Sample Rate Conversion and National 3D Sound.. ... 4-94
LM4549 AC '97 Rev 2.1 Codec with Sample Rate Conversion and National 3D Sound. ... 4-95
LM4610 Dual DC Operated Tone/Volume/Balance Circuit with National 3-D Sound. .. .. .. 4-75
LM4651 Overture Audio Power Amplifier Series 170W Class D Audio Power Amplifier

SOIULION. . . o e 4-22
LM4652 Overture Audio Power Amplifier Series 170W Class D Audio Power Amplifier

SOIUEION. . . o e 4-22
LM4663 2W Stereo Class D Audio Power Amplifier with Stereo Headphone Ampilifier. . . . . 4-23
LM4700 Overture Audio Power Amplifier Series 30 Watt Audio Power Amplifier with Mute

and Standby Modes. . . . ... e 4-24
LM4701 Overture Audio Power Amplifier Series 30 Watt Audio Power Amplifier with Mute

and Standby Modes. . . . ... e 4-25
LM4752 Stereo 11W Audio Power Amplifier. . . ......... ... i 4-26
LM4753 Dual 10W Audio Power Amplifier w/Mute, Standby and Volume Control. . ... .. .. 4-27
LM4755 Stereo 11W Audio Power Amplifier with Mute. . ... ........ ... ... ... ...... 4-29
LM4765 Overture Audio Power Amplifier Series Dual 30 Watt Audio Power Amplifier with

Mute and Standby Modes. . . . .. ... it e 4-30
LM4766 Overture Audio Power Amplifier Series Dual 40 Watt Audio Power Amplifier with

MULE. . .o e e 4-31
LM4808 Boomer Audio Power Amplifier Series Dual 150 mW Headphone Amplifier. . . . . .. 4-32
LM4830 Two-Way Audio Amplification System with Volume Control. . .................. 4-33
LM4831 Boomer Audio Power Amplifier Series Mulitmedia Computer Audio Chip. ........ 4-35
LM4832 Boomer Digitally Controlled Tone and Volume Circuit with Stereo Audio Power

Amplifier, Microphone Preamp Stage and National 3D Sound. . .................... 4-36
LM4834 Boomer Audio Power Amplifier Series 1.75W Audio Power Amplifier with DC

Volume Control and Microphone Preamp. . . ... ...ttt 4-37
LM4835 Boomer Audio Power Amplifier Series Stereo 2W Audio Power Amplifiers with DC

Volume Control and Selectable Gain. . ........ ... ... ... ... 4-38
LM4836 Boomer Audio Power Amplifier Series Stereo 2W Audio Power Amplifiers with DC

Volume Control, Bass Boost and Input Mux. . .. ... ... .. .. ... .. .. ... .. ..., 4-39
LM4850 Boomer Audio Power Amplifier Series Mono 1.5 W / Stereo 300 mW Power

AMPIfiEr. L e 4-40
LM4860 Boomer Audio Power Amplifier Series 1 Watt Audio Power Ampilifier with

Shutdown Mode. . . .. ... e 4-42
LM4861 Boomer Audio Power Amplifier Series 1.1W Audio Power Amplifier with Shutdown

MOde. . . e 4-43
LM4862 Boomer Audio Power Amplifier Series 675 mW Audio Power Amplifier with

Shutdown Mode. . .. ... . 4-44
LM4863 Boomer Audio Power Amplifier Series Dual 2.2W Audio Amplifier Plus Stereo

Headphone Function. . . ... ... . 4-45
LM4864 Boomer Audio Power Amplifier Series 300 mW Audio Power Ampilifier with

Shutdown Mode. . . . ... . e 4-47
LM4865 Boomer Audio Power Amplifier Series 750mW Audio Power Amplifier with DC

Volume Control and Headphone Switch. . ....... ... ... ... . i i, 4-48
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Shutdown MOde. . . ..o i e e 4-49
LM4871 Boomer Audio Power Amplifier Series 1.1 Watt Audio Power Amplifier with

ShUutdown MO, . . v vt e e e e 4-50
LM4872 Boomer Audio Power Amplifier Series 1 Watt Audio Power Amplifier in micro SMD

PACKAGE. .« . ot it e e 4-51
LM4873 Boomer Audio Power Amplifier Series Dual 2.1W Audio Amplifier Plus Stereo

Headphone Function. . . ... ... . i e e e e 4-52
LM4876 Boomer Audio Power Amplifier Series 1.1W Audio Power Amplifier with Logic Low

ShUIOWN. . . . e 4-54
LM4877 Boomer Audio Power Amplifier Series 1 Watt Audio Power Ampilifier in micro SMD

package with Shutdown Logic LOW. . .. .. ...t e e 4-55
LM4880 Boomer Audio Power Amplifier Series Dual 250 mW Audio Power Amplifier with

Shutdown MOdE. . . . ..o 4-56
LM4881 Boomer Audio Power Amplifier Series Dual 200 mW Headphone Amplifier with

Shutdown Mode. . . . ..o e 4-58
LM4882 Boomer Audio Power Amplifier Series 250 mW Audio Power Amplifier with

Shutdown MOGE. . . ..ot 4-59
LM4890 1 Watt Audio Power Amplifier . .. .. ... 4-60
LM6118 Fast Settling Dual Operational Amplifier. . . ......... ... ... ... .. ..., 1-100
LM6121 High Speed Buffer. .. ... .o e e e 2-103
LM6132 Dual Low Power 10 MHz Rail-to-Rail I/O Operational Amplifier. . .............. 1-87
LM6134 Quad Low Power 10 MHz Rail-to-Rail I/O Operational Amplifier. . ............. 1-87
LM6142 Dual High Speed/Low Power 17 MHz Rail-to-Rail /O Operational Amplifier. . . . . . 1-94
LM6142 Dual High Speed/Low Power 17 MHz Rail-to-Rail I/O Operational Ampilifier. . . . .. 4-85
LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail I/O Operational Ampilifier. . . . . 1-94
LM6144 Quad High Speed/Low Power 17 MHz Rail-to-Rail I/O Operational Amplifier. . . . . 4-85
LM6152 Dual and Quad 75 MHz GBW Rail-to-Rail /O Operational Amplifiers. .......... 1-97
LM6154 Dual and Quad 75 MHz GBW Rail-to-Rail 1/0 Operational Amplifiers. .......... 1-97
LM6161 High Speed Operational Amplifier. . . . ... i, 2-105
LM6162 High Speed Operational Amplifier. . . . ....... ... e 2-106
LM6164 High Speed Operational Amplifier. . . ......... .. ..o i, 2-107
LM6165 High Speed Operational Amplifier. .. ............ it 2-108
LM6171 High Speed Low Power Low Distortion Voltage Feedback Amplifier. ... ........ 2-109
LM6172 Dual High Speed, Low Power, Low Distortion Voltage Feedback Amplifiers. . . . .. 2-111
LM6181 100 mA, 100 MHz Current Feedback Amplifier. . .. ....... ... ... ... ... ..... 2-113
LM6182 Dual 100 mA Output, 100 MHz Current Feedback Amplifier. . .. ............... 2-114
LM6218 Fast Settling Dual Operational Amplifier. . .. ......... ... .. ... i, 1-100
LM6221 High Speed Buffer. . . .. ... .o e 2-103
LM6261 High Speed Operational Amplifier. . . ......... ... .. i, 2-105
LM6264 High Speed Operational Amplifier. . . . ........... i i i 2-107
LM6265 High Speed Operational Amplifier. .. ........ .. ... oL 2-108
LM6321 High Speed Buffer. . . ... ... e e 2-103
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LM6361 High Speed Operational Amplifier. . . ... i i 2-105
LM6364 High Speed Operational Amplifier. . . ... . i 2-107
LM6365 High Speed Operational Amplifier. . . . ... ... . i 2-108
LMB511 180 ns BV Comparator. . . .. ..ot v ettt e 5-36
LM7121 175 MHz Tiny Low Power Voltage Feedback Amplifier. . ..................... 2-116
LM7131 Tiny High Speed Single Supply Operational Amplifier. . .. .................... 2-117
LM7171 Very High Speed, High Output Current, Voltage Feedback Amplifier. . . ......... 2-118
LM7301 Low Power, 4 MHz GBW, Rail-to-Rail Input-Output Operational Amplifier in

TinyPak Package. . .. .. ..o e 1-108
LM7512C 12 Volt Regulator. . . . ...t e e 16-27
LM7805C 5 Volt Regulator. . . . ... ... e 16-27
LM7815C 15 Volt Regulator. . . . .. ..o e e 16-27
LM8261 Single RRIO, High Output Current & Unlimited Cap Load Op Amp in SOT23-5... 1-117
LM9810 10-Bit Image Sensor Processor Analog FrontEnd. ......................... 11-20
LM9820 12-Bit Image Sensor Processor Analog FrontEnd. .. ....................... 11-20
LM9822 3 Channel 42-Bit Color Scanner Analog FrontEnd. .. ....................... 11-22
LM9830 36-Bit Color Document Scanner. .. ...t 11-24
LM12454 12-Bit Plus Sign Data Acquisition System with Self-Calibration. . ... .......... 6-144
LM12458 12-Bit Plus Sign Data Acquisition System with Self-Calibration. . ............. 6-144
LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and

BUMferS. . . e 1-38
LM13700A Dual Operational Transconductance Amplifier with Linearizing Diodes and

BUMf IS, . o e 1-38
LM98501 10-Bit, 27 MSPS Camera Signal Processor. .. ..., 11-25
LMC555 CMOS TiMer. . o ot ittt ettt et e et et e ettt e 11-13
LMC567 Low Power Tone Decoder. . . .. .. ...ttt 4-80
LMC568 Low Power Phase-Locked LOOp. . .. .. ... i 4-81
LMC660 CMOS Quad Operational Amplifier. .. ... i 1-220
LMC662 CMOS Dual Operational Amplifier. . .. ... ... i i 1-224
LMC1982 Digitally-Controlled Stereo Tone and Volume Circuit with Two Selectable Stereo

IPUS. . oo e 4-78
LMC1983 Digitally-Controlled Stereo Tone and Volume Circuit with Three Selectable

Stere0 INPUES. . . ..o e 4-79
LMC2001 High Precision, 6MHz Rail-To-Rail Output Operational Ampilifier. . . ........... 1-128
LMC6001 Ultra Ultra-Low Input Current Amplifier. .. ... ... ... .. . i .. 1-131
LMC6009 9-Channel Buffer Amplifier for TFT-LCD. . . ... .. ... . ... 7-36
LMC6022 Low Power CMOS Dual Operational Amplifier. . . ........... ... ... oion.. 1-136
LMC6024 Low Power CMOS Quad Operational Amplifier. . ......................... 1-140
LMC6032 CMOS Dual Operational Amplifier. . .. ... i 1-144
LMC6034 CMOS Quad Operational Amplifier. . .. ......... ... ..o ... 1-148
LMC6035 Low Power 2.7V Single Supply CMOS Operational Amplifiers .. ............. 1-152
LMC6036 Low Power 2.7V Single Supply CMOS Operational Amplifier . . .............. 1-152
LMC6041 CMOS Single Micropower Operational Amplifier. . . ........................ 1-156
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LMC6042 CMOS Dual Micropower Operational Amplifier.. .. c....................... 1-160
LMC6044 CMOS Quad Micropower Operational Ampilifier. .. ........................ 1-164
LMC6061 Precision CMOS Single Micropower Operational Amplifier. . . .. .............. 1-168
LMC6062 Precision CMOS Dual Micropower Operational Amplifier. . .................. 1-172
LMC6064 Precision CMOS Quad Micropower Operational Amplifier. . ................. 1-176
LMC6081 Precision CMOS Single Operational Amplifier. ... . ........................ 1-180
LMC6082 Precision CMOS Dual Operational Amplifier... .. ....... ... ... ... ... .. 1-184
LMC6084 Precision CMOS Quad Operational Amplifier. . . ........... ... ... ........ 1-188
LMC6442 Dual Micropower, Rail-to-Rail Output Single Supply Operational Amplifier....... 1-192

LMC6462 Dual Micropower, Rail-to-Rail input and Output CMOS Operational Amplifier. ... 1-197
LMC6464 Quad Micropower, Rail-to-Rail Input and Output CMOS Operational Amplifier. .. 1-197

LMC6482 CMOS Dual Rail-to-Rail Input and Output Operational Amplifier. . . ........... 1-202
LMC6484 CMOS Quad Rail to Rail Input and Output Operational Amplifier. . ... ........ 1-207
LMC6492 Dual CMOS Rail-to-Rail Input and Output Operational Amplifier. ... .......... 1-212
LMC6494 Quad CMOS Rail-to-Rail Input and Output Operational Amplifier. . . .......... 1-212
LMC6572 Dual Low Voltage (2.7V to 3V) Operational Amplifier. . . .................... 1-216
LMC6574 Quad Low Voltage (2.7V to 3V) Operational Amplifier. . . ................... 1-216

LMC6762 Dual Micro-Power Rail-to-Rail Input CMOS Comparator with Push-Pull Output. . 5-38
LMC6772 Dual Micro-Power Rail-to-Rail Input-CMOS Comparator with Open Drain Qutput. 5-42

LMC6953 PCI Local Bus POWEr SUPEIVISOr. . . .o v it e it e e et e e 14-19
LMC7101 Tiny Low Power Operational Amplifier with Rail-to-Rail Input and Output. . . .. .. 1-228
LMC7111 Tiny CMOS Operational Amplifier with Rail-to-Rail Input and Output. . ......... 1-234
LMC7211 Tiny CMOS Comparator with Rail-to-Rail Input. . .. ........................ 5-46
LMC7215 Micro-Power, Rail-to-Rail CMOS Comparators with Open-Drain/Push-Pull

Outputs and TinyPak Package. . . . . ... oo it e 5-50
LMC7221 Tiny CMOS Comparator with Rail-to-Rail Input and Open Drain Qutput. . ... ... 5-53
LMC7225 Micro-Power, Rail-to-Rail CMOS Comparators with Open-Drain/Push-Pull

Outputs and TinyPak Package. . . .. ... e e 5-50
LMC7660 Switched Capacitor Voltage Converter. . . ...... ..., 19-27
LMC8101 Rail-to-Rail Input and Output, 2.7V Op Amp in micro SMD package with

ShUtdOWN. . . e 1-240
LMD18200 3A, 55V H-Bridge. . . . .. ..ot e 11-46
LMD18201 3A, 55V H-Bridge. . . . .. .ot e 11-48
LMD18245 3A, 55V DMOS Full-Bridge Motor Driver. . .. ... ... ... i n.. 11-50
LMF100 High Performance Dual Switched Capacitor Filter. . . ....................... 11-15
LMS1585A 5A and 3A Low Dropout Fast Response Regulators. . .................... 17-49
LMS1587 5A and 3A Low Dropout Fast Response Regulators. .. .................... 17-49
LMS8117 1A Low-Dropout Linear Regulator. . .. ......... ... ..., 17-52
LMV101 Fixed-Gain Amplifiers. . . .. ...t i e e e e 1-246
LMV102 Fixed-Gain Amplifiers. .. .. ... i e 1-246
LMV105 Fixed-Gain Amplifiers. . .................... ... ... e 1-246
LMV110 Fixed-Gain Amplifiers. . ... ... o e 1-246
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LMV111 Operational Amplifier with Bias Network. . . .. ... ... ... ... ..o L. 1-249
LMV321 Single General Purpose, Low Voltage, Rail-to-Rail Output Operational Amplifiers. 1-252
LMV324 Quad General Purpose, Low Voltage, Rail-to-Rail Output Operational Amplifiers. . 1-252

LMV331 Single General Purpose, Low Voltage, TinyPak Comparator. . ................ 5-57
LMV339 Quad General Purpose, Low Voltage, TinyPak Comparator. . ................. 5-57
LMV358 Dual General Purpose, Low Voitage, Rail-to-Rail Output Operational Amplifiers. . . 1-252
LMV393 Dual General Purpose, Low Voltage, TinyPak Comparator. . ................. 5-57
LMV431 Low-Voltage (1.24V) Adjustable Precision Shunt Regulators. . ................ 15-49
LMV431A Low-Voltage (1.24V) Adjustable Precision Shunt Regulators. ... ............. 15-49
LMV431B Low-Voltage (1.24V) Adjustable Precision Shunt Regulators. .. .............. 15-49
LMV710 Low Power, RRIO Operational Amplifiers with High Output Current Drive and

ShutdoWn OptioN. . . ..o 1-256
LMV711 Low Power, RRIO Operational Amplifiers with High Output Current Drive and

Shutdown OptioNn. . ... .. e 1-256
LMV721 10MHz, Low Noise, Low Voltage, and Low Power Operational Amplifier. . .. ... .. 1-260
LMV722 10MHz, Low Noise, Low Voltage, and Low Power Operational Amplifier. . ... .. .. 1-260
LMV751 Low Noise, Low Vos, Single Op AMp. . ... ..ot 1-264
LMV821 Single Low Voltage, Low Power, R-to-R Output, 5 MHz Op Amps. .. ........... 1-267
LMV822 Dual Low Voltage, Low Power, R-to-R Output, 5 MHz Op Amps. . ............. 1-267
LMV824 Quad Low Voltage, Low Power, R-to-R Output, 5 MHz Op Amps 1-267
LMV921 Single 1.8V, 1MHz, Low Power Operational Amplifiers with Rail-To-Rail Input and

OUPUL .« . e 1-272
LMV922 Dual 1.8V, 1MHz, Low Power Operational Amplifiers with Rail-To-Rail Input and

DU UL, .« . ot e e e 1-272
LMV924 Quad 1.8V, 1MHz, Low Power Operational Amplifiers with Rail-To-Rail Input and

OUBPUL o ettt et e e e e e e e 1-272
LMV7219 7 nsec, 2.7V to 5V Comparator with Rail-to-Rail Output. .. ................. 5-60
LMX1600 2.0 GHz/500 MHz PLLatinum Low Cost Dual Frequency Synthesizer.......... 20-3
LMX1601 1.1 GHz/500 MHz PLLatinum Low Cost Dual Frequency Synthesizer. ......... 20-3
LMX1602 1.1 GHz/1.1 GHz PLLatinum Low Cost Dual Frequency Synthesizer. .. ... .. .. 20-3
LMX2306 550 MHz PLLatinum Low Power Frequency Synthesizer for RF Personal

COMMUNICALIONS. . . .ottt ettt et e et e et e 20-6
LMX2316 1.2 GHz PLLatinum Low Power Frequency Synthesizer for RF Personal

CommUNICAIONS. . . . ..ttt e 20-6

LMX2323 PLLatinum 2.0 GHz Frequency Synthesizer for RF Personal Communications. .. 20-45
LMX2324 PLLatinum 2.0 GHz Frequency Synthesizer for RF Personal Communications. ..  20-8
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Low Power/General Purpose Operational Amplifiers

TABLE 1. SINGLE LOW POWER OPERATIONAL AMPLIFIERS
Specifications at T, = 25°C @ Vg = +5V. * Typical Output Swing with R, = 2kQ. ** Typical Output Swing with Vg = +2.7V

Supply '““’,‘:&f’:e‘ Input Bias “’Iz'l‘t'a’gz“n’::;’: Output Swing (V) | Gain Bandwidth |  Supply Voltage . operating Temp
Part Number Typ with R = (Note 1) Ranges
s WA)Typ | Vos (mV)Max |Ib(fA)Typ| CMVR(V)Typ | 100kQ unless | GBW (MHz2)Typ | Min(v) | Max (V) (Note 2)
| otherwise Specified

LPvaz1 ) 7 15nA 021042 0.09 10 4.997 0.152 27 5 M7, M5 ]

LM4250 10 (ad)) 6 30nA 09t04.1 0910 4.1 02 2 36 | M3, NOB, HoB cM
LMC6041 14 6 2 o408 0.004 to 4.987 0.075 5 15 M08, NoB ]
LMC6041A 14 3 2 -0.4t0 3.1 0.004 to 4.987 0.075 5 15 M08, NO8 1
LMC6061 20 08 10 041031 0,005 to 4.995 01 5 15 M08, NoB |

LMCB061A 20 0.35 10 04081 0.005 to 4.995 01 5 15 M08, NoB )
LMCT111A 25 3 100 0310525 0.0110 499 0.05 25 T M5, N0B )
LMC7111B 25 7 100 0310525 0.01 10 4.99 0.05 25 1 M5, NOB i
LPC661 55 6 2 -0.4to 3.1 0.004 to 4.987 0.35 5 15 Mo8 ]
LMV321 130 7 15nA -0.2t0 4.2 0.065 to 4.9 1 2.7 5 M7, M5 i
LMvo21 160 6 12nA -0.3 t0 5.35 0.035 to 4.965* 1 1.5 5 M7, M5 1

LMe11 210 3 10nA 0t0 3.2 0.810 3.6 0.8 4 36 Jog, M14 CIM

M10 300 4 40nA 031049 0.015 10 49 0.05 12 40| Mos, NoB, Hos )
Lmvez1 300 35 40nA 2t042 05510 4.9 5 27 5 M7, M5 i
LMCB001A 450 035 2 041031 01010 4.87% 13 5 15 NO8 ]
LMC6001B 450 1 100 041031 01010 487 13 5 15 NOB i
LMC6001C 450 1 1000 041031 01010 487 13 5 15 NOB 1
LMC6081 450 08 10 04031 01010 487 13 5 15 M08, NOB ]

LMC6081A 450 0.35 10 -0.4 to 3.1 0.10 to 4.87* 1.3 5 15 MO8, NO8 LM
LMC7101A 500 3 1000 -0.3105.3 0.10 to 4.90* 1.1 27 15 M5 i
LMC7101B 500 7 1000 ~0.3105.3 0.10 to 4.90* 1.1 2.7 15 M5 I
LM7301 600 6 90nA -0.1t0 5.1 0.14 t0 4.87* 4 1.8 32 M5, M08 1
LMV751 600 1 1500 021036 0.086 to 4.89 5 27 5 W5 i
LMC8101 700 5 1000 -0.2105.2 0.02 to 4.97 1 27 10 BP08, MM08 I
LMC2001 750 0.04 3pA Oto4 00310 497 6 45 55 MO8, M5 ic
LM8261 970 5 T180A | 031053 0.07 10 487 2 25 30 M5 ]
V721 1030 3 260nA 03toat 0,046 1o 4.962* 10 22 5 M7, M5 ]
LMV710 117 mA 3 WA 031053 0.0110 4.98 5 27 55 M5 |
V711 117 mA 3 A 031053 00110498 5 27 55 W6 ]




TABLE 2. DUAL LOW POWER OPERATIONAL AMPLIFIERS
Specifications at T = 25°C @ Vg = +5V. * Typical Output Swing with R_ = 2kQ. ** Typical Output Swing with Vg = +2.7V.

Part Number [SUPRY Current] | Gurrent 1| Vonage Range, | B ~ 100 wminge. | Gain Bancwictn | SuPPy Voliage Pack [ Ranges
Is (HA) Typ Max (fA)Typ | CMVR (V) Typ otherwise Specified | S2W MH2) TYP | min (v) | Max (v) (Note 1) (Note 2)
LMC6442 2 7 5 0410 4.4 0.02 t0 4.99 0.01 15 15 M14, MM14, N14 i
LMC6442A 2 3 5 041044 0.02 10 4.99 001 15 15 M08, NO8, MM08, WG10, J08 LM
LPVass 14 10 2nA 021042 0,09 to 4.997 0.152 27 5 MMO8, M08 i
LMC6042 20 6 2 041034 0.004 to 4.987 04 5 15 MO8, N8 1
LMC6042A 20 3 2 041034 0.004 to 4.987 04 5 15 MO8, NOB I
LMC6062 32 08 10 041031 0.005 1o 4.995 04 5 15 MO8, NO8 1
LMC6062A 32 035 10 041031 0.005 to 4.995 04 5 15 M08, No8, J08 M
LMC6462A 40 05 150 021053 0.005 to 4.995 0.05 3 15 MO8, NOB M
LMC64628 %0 3 150 021053 0.005 to 4.995 0.05 3 15 M08, No8 1
LMC6572A 76 33 20 021019 0.005 o 2.695%* 022 27 T M08, NO8 I
LMCe5728 76 37 20 021019 0.005 o 2.695" 022 27 11 M08, NOB, MM08 1
LMC6022 86 9 2 041034 0.004 to 4.987 035 5 15 Mo8 i
LPCe62 86 6 2 041031 0,004 to 4.987 035 5 15 Mos I
LPCe62A 86 3 2 041031 0.004 to 4.987 035 5 15 Mos M
LMV358 210 7 150A 021042 0.065 t0 4.9 1 27 5 MMOS, M08 i
M613 224 5 25nA 081035 081035 08 4 36 Mi6 ]
LMV922 400 8 120A 021052 0.035 to 4.965 1 15 5 MO8, MM08 i
LMVe22 500 35 40nA 021042 0.55 to 4.9 5 27 5 MMOS, M08 i
LMB132A 720 2 1100A | -02510525 0.007 10 4.992 10 27 24 MO8, NOS, i
LM6132B 720 6 T1nA | 02510525 0.007 to 4.992 10 27 24 MO8, NOS, i
LMC662 750 6 2 041034 041 to 487 2 5 15 MO8, N8 I
LMCG62A 750 3 2 041031 010 10 4.87* 14 5 15 M08, No8 I
LMC6032 750 9 % 041031 010 t0 4.87* 14 5 15 MO8, NOo8 I
LMC6035 800 5 20 051045 0.08 to 4.9+ 14 2 15 MO8, MMOS, BPOS i
L MC6082 900 08 10 041031 010 to 4.87 13 5 15 MO8, No8 1
LMC6082A 900 035 10 041031 010 to 4.87* 13 5 15 M08, No8 I
LM3g2 1000 5 50nA 01035 01035 1 3 32 M08, No8 c
LMC6482 1000 3 20 03153 010 to 4.9+ 13 3 15 MO8, NO8, MM08 1
LMC6482A 1000 0.75 20 031053 010 to 4.9% 13 3 15 MO8, NO8, MM08, J08 [
LMC6492A 1000 3 150 031053 010 to 4.9% 15 5 15 MO8, No8 E
MC64928 1000 6 150 031053 010 to 4.9% 15 5 15 MO8, No8 E
LM6142A 1300 1 180nA | 02510525 0.005 to 4.995 17 18 24 M08, NO8, J08 LM
LM6142B 1300 25 180nA | 02510525 0.005 to 4.995 17 18 24 MO8, No8 I
LMV722 1830 35 260nA 031044 0.046 to 4.962* 10 22 5 MMO8, M08 |
LM6152A 2800 2 500nA | -02510525 0.006 to 4.992 75 27 2 M08, No8 |
M61528 2800 5 5000A | 02510525 0.006 10 4.992 75 27 24 M08, No8 I
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Low Power/General Purpose Operational Amplifiers

TABLE 3. QUAD LOW POWER OPERATIONAL AMPLIFIERS
Specifications at T, = 25°C @ Vg = +5V. * Typical Output Swing with R, = 2kQ. ** Typical Output Swing with Vg = +2.7V

g:::m I""’I‘:'g: :et Ing::r::s ?Izg‘;gnnr::: Output Swing (V) | Gain Bandwidth Supply Voltage o loperating Temp
Part Number ] Typ with R = ) . (Note 1) Ranges
Is (MA) Typ | Vos (mV) Max |Ib (fA) Typ| CMVR (V) Typ 100kQ unless | GBW (MHz) Typ | Min (V) | Max (V) (Note 2)
otherwise Specified
LPV324 28 10 2nA -0.2t0 4.2 0.09 to 4.997 0.152 27 5 MT14, M14 I
LMC6044 40 6 2 -0.4 t0 3.1 0.004 to 4.987 0.1 5 15 M14, N14 ~1
LMC6044A 40 3 2 ~0.4to 3.1 0.004 to 4.987 0.1 5 15 M14, N14 |
LMC6064 64 0.8 10 -0.41t03.1 0.005 t0'4.995 0.1 5 15 . M14, N14 1
LMCB064A 64 0.35 10 -0.4t03.1 0.005 to 4.995 0.1 5 15 M14, N14, J14 LM
LMC8464A 80 0.5 150° -0210 5.3 0.005 to 4.995 0.05 3 15 M14, N14, J14, WG14 I,M
LMC6464B 80 3 150 -0215.3 0.005 to 4.995 0.05 3 15 M14, N14 I
LP324 85 4 10nA -0.1t0 4.9 0.7t0 3.6 0.1 3 32 MT14, M14 I
LP2902 85 10 2nA -0.1t0 4.9 0.7t0 3.6 0.1 3 32 MT14, M14 E
LMC6024 160 9 40 -041t0 3.1 0.004 to 4.987 0.35 5 15 M14, N14 I
LMC8574A 160 - 3 20 -02to 1.9 0.005 to 2.695* 022 27 1" M14, N14 I
LMC6574B 160 7 20 -02t0 1.9 0.005 to 2.695* 0.22 27 ik M14, N14 I
LPC660 160 6 2 -0.4to 3.1 0.004 to 4.987 0.35 5 15 Mi4 I
LPC660A 160 3 2 -0.41t0 3.1 0.004 to 4.987 0.35 5 15 M14 1
LMV324 410 7 15nA -0.210 4.2 0.065 to 4.9 1 27 5 MT14, M14 I
LMV924 750 8 12nA -0.2t05.2 0.03 to 4.97 1 1.8 5 M14, MT14 I
LMV824 1000 35 40nA -0.2t0 4.2 0.055 to 4.9 56 27 5 MT14, M14 I
LMC6036 1300 5 20 -0.5t0 4.5 0.08 to 4.9% 14 2 15 M14 1
LM6134A 1440 2 110nA -0.25 t0 5.25 0.005 to 4.995 10 27 24 M14, N14 I
LM6134B 1440 6 110nA -0.25t0 5.25 0.005 to 4.995 10 27 24 ) M14, N14 1
LMC660A 1500 3 2 -0.4t0 3.1 0.10 to 4.87* 1.4 5 15 M14, N14 i
LMC860C 1500 -6 2 -0.41t03.1 0.10 to 4.87* 14 5 15 M14, N14 I
LMC6034 1500 9 40 -0.4to 3.1 0.10 to 4.87* 1.4 5 15 M14 I
LMC6084 1800 0.8 10 -0.4t03.1 0.10 to 4.87* 13 5 15 M14, N14 I
LMC6084A 1800 0.35 10 -04103.1 0.10 to 4.87* 13 5 15 M14, N14 1
LMmcCe484 2000 3 20 -031t053 0.10 to 4.9% 13 3 15 M14, Nt4 LM
LMC6484A 2000 0.75 20 -03t05.3 0.10 to 4.9% 1.3 3 15 M14, N14, J14, WG14 LM 3
LMC6494A 2000 3 150 ~0.3105.3 0.10 to 4.9* 1.5 25 15 M14, N14 E
LMC6494B 2000 6 150 -0.3t05.3 © 0.10 to 4.9* 1.5 25 15 M14, N14 E
LMB144A 2600 1 180nA -0.25 t0 5.256 0.005 to 4.995 17 1.8 24 M14, N14 I
LM6144B 2600 25 180nA -0.25105.25 0.005 to 4.995 17 1.8 24 M14, N14 I
LM6154B 5600 5 500nA -0.25 t0 5.25 0.005 to 4.995 75 27 24 M14, N14 1
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TABLE 4. SPECIAL FUNCTION OPERATIONAL AMPLIFIERS
Specifications at To = 25°C @ Vg = +5V.

Slew Rate

Supply Voltage

Vos Is Supply Current Pack Op g Temp N
Part Number GBW (MH2) T Ius) = Special Note
(mV) Max | (nA) Max (MHz) Typ “.:;‘p) (mA) Max Min() | Maxqy) | (Note2) Ranges (Note 2) pe
LM12 15 150 0.7 0.7 9 15 80 K B80OW Operational Amplifier
LM359 15pA 30 30 60 5 22 M14, N14 o] Dual hlgh speed programmable
"Norton” amplifier
LM392 5 250 1 1 2 4 36 M14, N14 C Low power op amp with voltage
comparator
LM611 5 35 0.8 0.7 0.35 4 36 M14, J14 LC,M Single amplifier with adjustable
roltage reference from 1.2V to 6.3V
LM613 5 35 0.8 0.7 1 4 36 N16, J16 LM Dual comparator and dual
amplifiers with adjustable voltage
reference from 1.2V to 6.3V
LMV711 3 4pA 5 5 1.7 27 5 M6 1 R-R 1/0 Op Amp with High Output
Current Drive and Shutdown
LMV8101 5 1 1 1 1 27 10 BP08, MM08 | R-R I/O Op Amp in uSMD with
Selectable Shutdown Polarity
LM614 5 35 0.8 0.7 1 4 36 M16 [of Quad Operational Amplifier with
Adjustable Reference
LM675 10 2pA 55 55 8 12 60 T C 3 Amp Power Op Amp
CLC5509 33 11 8 1 Mo8 | 0.58nV/Hz Preamp Plus Buffer
LM194/394 0.1,0.2 200 K06, N08 M Supermatch Transistor Pair
LMV101 1.6 1 0.25 27 5 M5, M7 [} LMV321 Type/w Built-In Feedback
R’s, Fixed Gain of -1
LMV102 1.8 1 0.25 27 5 M5, M7 C LMV321 Type/w Built-In Feedback
R’s, Fixed Gain of -2
LMV105 0.8 1 0.25 27 5 M5, M7 C LMV321 Type/w Built-In Feedback
R's, Fixed Gain of -5
LMV110 0.2 1 0.25 27 5 M5, M7 o3 LMV321 T ps/w Built-In Feedback
ixed Gain of -10
LMV111 1 1 0.25 27 5 M5, M7 Cc LMV321 Type/w Built-In Vg/2
Divider R’s on Non-Inverting Input
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Low Power/General Purpose Operational Amplifiers:

TABLE 5. SINGLE GENERAL PURPOSE OPERATIONAL AMPLIFIERS

Specifications at T, = 25°C.

Part Number GBW Vos Is SI?\‘Z:;?‘E Supply Current Supply Voltage o (Note 1) | Operating Temp
(MH2) Typ (mV) Max (nA) Max Typ (mA) Max Min (V) Max (V) Ranges (Note-1)

LM725 0.5 1 100 0.3 45 6 44 Hos M
LM725A 0.5 0.5 80 0.3 4.5 6 44 Ho8 M
LM725C 0.5 25 125 03 4.8 6 44 HO08, N0o8 Cc
LM101A/201A 1 2 75 10 3 10 44 HO08, J08, J14, W10 M, 1
LM301A 1 7.5 250 10 3 10 36 Ho8, No8 [o]
LM709 1 5 500 0.25 5.5 10 36 Hos M
LM709A 1 2 200 0.25 36 10 36 Ho8 M
LM709C 1 75 1500 0.25 6.6 10 36 Ho8 C
LM748 1 5 500 1 28 10 40 Hos M
LM741 1.5 5 500 0.5 2.8 6 44 Ho8, J08, W10 M
LM741A 15 3 80 0.7 28 6 44 Ho8 M
LM741C 1.5 6 500 0.5 28 [} 36 HO08, N0o8 C
LF155 25 5 0.1 5 4 10 44 Hos M, 1
LF155A 25 25 0.05 5 4 10 44 Ho08 M
LF156 5 5 0.1 12 7 10 44 Hos M
LF156A 5 2 0.05 12 7 10 44 Hos M
LM118/218 15 4 250 70 8 10 40 HO8, J08, W10, J14 M, 1
LM318 15 10 750 70 10 10 40 HO8, M08, N08 C
LF157 20 5 0.1 50 7 10 44 Hos M, 1
LF157A 20 2 0.05 50 7 10 44 Hos M




TABLE 6. DUAL GENERAL PURPOSE OPERATIONAL AMPLIFIERS
Specifications at T, = 25°C.

-t

Part Number (Mﬁf)"_‘l'_yp VOS ;TV) (nA;BMaX SI?\‘Z;?E Suz:%c;;;ent Supply Voltage v Opel;:::gge:emp
Typ Min (V) Max (V) (Note 2)

LFa42 1 5 01 1 05 10 36 H08, N0, J08 M

LF442A 1 1 0.05 1 04 10 4 Ho8, NO8 Y

LM158/258 1 5 150 05 2 3 32 Ho8, J08 M.
LM158A 1 2 50 05 2 3 32 Ho8, Jo8 M
LMa3s8 1 7 250 05 2 3 32 HO8, M08, No8 c
LM358A 1 3 100 05 2 3 32 M08, No8 c
LM1458 1 6 500 1 56 10 36 HO8, M08, No8 c
LM1558 1 5 500 1 5 10 24 Hos, Jo8 M
LM2904 1 7 250 05 2 3 26 MO8, N8 0
LM747 15 5 500 05 5 10 4 H10, J14 M
LF353 2 10 0.2 13 65 10 36 NO8, M08 c

LF412 4 3 02 15 65 10 36 Ho8, N08, J08 cM

LF412A 4 1 02 15 56 10 36 No8 cM
TLos2 P 15 04 13 56 10 36 M08, No8 c
LM833 15 5 1000 7 8 10 32 MMOS, M08, N08 c

LM6218A 17 1 350 140 7 10 42 J08, NO8, E20 M 1
LM6218 17 3 500 140 7 10 2 NO8, WM14 ]
LMe118 17 1 350 75 7 10 42 J08 M

w0’ [euoeu Mmm
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Low Power/General Purpose Operational Amplifiers

Specifications at T = 25°C.

TABLE 7. QUAD GENERAL PURPOSE OPERATIONAL AMPLIFIERS

part Number GBW Vos (mV) B SI?‘\;;;;M Supply Current Supply Voltage P Opsr;;l':\gga:emp
(MHz) Typ Max (nA) Max Typ (mA) Max Min(V) | Max (V) (Note 1) (Note 2)

LF444 1 10 0.1 1 1 10 36 MO8, N08, D14 C,M
LF444A 1 5 0.05 1 08 10 a N14 c
LM124/224 1 5 150 05 3 3 32 14, W14 ]
LM124A 1 2 50 05 3 32 114, W14, E20 M
LM148 1 5 100 05 36 10 24 114, E20 M
LM224A 1 3 80 05 3 32 4 I
LM324 1 7 250 05 3 3 32 M14, N14, J14 c
LM324A 1 3 100 05 3 3 32 M14, N14 c
M348 1 6 200 05 45 10 36 M14, N14, J14 c
LM2902 1 7 250 05 3 3 26 M14, N14 i
LM146 12 5 100 04 2 3 P 16 M
LM346 12 6 250 04 25 3 36 M16, N16 B
LF147 4 5 X 13 T 10 P 4 M
LF347 4 10 02 13 T 10 36 M14, N14 c
LM149 4 5 100 2 36 10 4 4 M
LMm837 25 5 1000 10 15 10 32 M14, N14 C




Note 1: (Letter = Pkg. Type, Number = # of pins)

f:;:r Package Type
BP microSMD
E LCC
H/IG Metal Can
J/ID Ceramic Dual-In-Line
K Metal Can (TO-3)
M SOIC
MF TSSOP
MM MSOP
M3 SOT23-3
M5 SOT23-5
M6 SOT23-6
N Plastic Dual-In-Line (PDIP)
T TO-220
\Y PLCC
w Flatpak
WG Ceramic SOIC
z TO-92
Note 2: Temperature Ranges:
C= Commercial (0°C to + 70°C)
E= Extended (-40°C to + 125°C)
| = Industrial (—-40°C to + 85°C)
M= Military (-55°C to +125°C)

www.national.com
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Operational Amplifier Definition Of Terms

&National Semiconductor

Operational Amplifier
Definition Of Terms

Gain Bandwidth (GWB): The open loop gain times the fre-
quency at a specified frequency higher than the first pole.

Unity Gain Bandwidth: The frequency where the amplifier
open loop gain equals to one. It equals GBW if single pole
roll off exist.
Common-Mode Rejection Ratio (CMRR): The ratio of dif-
ferential voltage amplification to common-mode voltage am-
plification. It is measured by determining the ratio of a
change in input common-mode voltage to the resulting
change in input offset voltage change.

CMRR(dB) = 20log 10 (AVcm/AVes)
Total Harmonic Distortion (THD): When a pure sinusoid
given as V;, (w) = V,, sin(wt) is applied to the input of an op-
erational amplifier, the output with harmonic distortion will be
Vou(®)a,Vpsin(ot)+a,Vsin(ot)+...+a,Vpsin(not). THD is ex-
press as

THD(%) = [(8,2 + @52 + ... + a,2)Y2/a,] x 100
Input Current (Ig or |,,,): The average of the two input cur-
rents.

Input Common-Mode Voltage Range (V¢y): Typically the
range of voltages on the input terminals for which the ampli-
fier's performance is specified.

Input Impedance (Z,,,): The ratio of input AC voltage to input
AC current.

Common-Mode Input Resistance: The ratio of the
common-mode input voltage change to the inverting or
non-inverting input current change.

Differential Input Resistance: The ratio of the differential
input voltage change to the input current change.

Input Offset Current (log): The difference of the currents
between the two input terminals.

Input Offset Voltage (Vog): The DC error voltage which ex-
ists between the input terminals due to non-ideal balancing
of the input stage to the output. It is multiplied by the closed
loop gain.

Large-Signal Voltage Gain (Ay): The ratio of the output
voltage change to the change in input voltage. This param-
eter is usually specified at a large output voltage, less than
maximum output Voltage, and typically under DC condition.

Output Impedance (Z,): The apparent output impedance of
an op amp, typically illustrated with an ideal op amp with
zero output impedance in series with an output impedance,
Zout, measured under AC condition.

Output Resistance: The apparent output resistance of an
op amp, typically illustrated with an ideal op amp with zero
output resistance in series with an output resistor, Rout,
measured under DC condition.

Output Voltage Swing (Vp): The maximum peak-to-peak
output voltage swing under specified load and supply volt-
ages.

Offset Voltage Temperature Coefficient (TCVyg): The av-
erage rate of change in offset voltage for the junction tem-
perature variation over a specified temperature range.

Power Supply Rejection Ratio (PSRR): The ratio of the
change in input offset voltage to the change in power supply
voltages producing it.

PSRR(dB) = 20log 10 (AVos/AVs)
Settling Time: The time between the initiation of the input
step function and the time when the output voltage has
settled to within a specified error band, which is expressed
as the xpercentage of the total voltage change.
Slew Rate (SR): The rate that an amplifier output changes
from one voltage level to another when a step or square
wave input is applied. Typically it is the average rate mea-
sured from 10% to 90% of the total output voltage change.
Supply Current (Ig): The current required from the power
supply to operate the amplifier with no load and the output
midway between the supplies.
Transient Response: The closed-loop step-function re-
sponse of the amplifier under small-signal conditions. Usu-
ally small signal is less than 100mV.
Input Voltage Noise (e,): The equivalent voltage noise ap-
plied in series with the input of the noiseless amplifier.
Input Current Noise (i,): The equivalent current noise ap-
plied in parallel with the input of the noiseless amplifier.
Phase Margin (®m): The open-loop phase shift between the
output and the inverting input at the unity frequency.
Gain Margin (C,,): Open loop gain at the frequency where
the phase between inverting input and output crosses zero.
Rise Time (t,): The time required for an output voltage step
to change from 10% to 90% of its final value.
Short-Circuit Output Current: The maximum available cur-
rent out of the output of an op amp.
Open loop Gain: The ratio of the voltage change at the out-
put to the voltage change at the input, usually under AC con-
dition.
Note: All parameters are under specific conditions.

www.national.com
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NNational Semiconductor

LF147/LF347

Wide Bandwidth Quad JFET Input Operational Amplifiers

General Description

The LF147 is a low cost, high speed quad JFET input opera-
tional amplifier with an internally trimmed input offset voltage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF147 is pin compatible with the standard
LM148. This feature allows designers to immediately up-
grade the overall performance of existing LF148 and LM124
designs.

The LF147 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input offset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift.

Simplified Schematic

a Quad
Vee O
Vo
— +
INTERNALLY
INTERNALLY TRIMMED
TRIMMED
-Vgg Ot &-

DS005647-13

Features
m Internally trimmed offset voltage: 5 mV max
= Low input bias current: 50 pA
m Low input noise current: 0.01 pANHz
m Wide gain bandwidth: 4 MHz
u High slew rate: 13 Vs
m | ow supply current: 7.2 mA
® High input impedance: 1012Q
= Low total harmonic distortion: <0.02%
m Low 1/f noise corner: 50 Hz
® Fast settling time to 0.01%: 2 ps
Connection Diagram
Dual-In-Line Package
ouT4 Ng~ INat A IN3Y IN3T ouT3
IM |13 12 ln 10 9 ln
|1 2 3 4 5 e |7
ouT!1 N1 N vt IN2* IN2™ out2

DS005647-1
Note 1: LF147 available as per JM38510/11906.
Top View
Order Number LF147J, LF147J-SMD, LF347M,
LF347BN, LF347N, LF147J/883,
or JL147 BCA (Note 1)
See NS Package Number J14A, M14A or N14A

www.national.com
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LF147/LF347

Absolute Maximum Ratings (ot 2) LF147  LF347B/LF347
If Military/Aerospace specified devices are required, Surface Mount Wide (WM) 85°C/W
please contact the National Semiconductor Sales Office/ Operating Temperature (Note 6) (Note 6)
Distributors for availability and specifications. Range
LF147  LF347B/LF347  Storage Temperature -
Supply Voltage +22V +18V _ Range ~65°C<T,<150°C
Differential Input Voltage £38V £30V - Lead Temperature -
Input Voltage Range +19V +15V (Soldering, 10 sec.) 260°C 260°C
(Note 3) Soldering Information
Output Short Circuit Continuous  Continuous Dual-In-Line Package
Duration (Note 4) Soldering (10 seconds) 260°C
Power Dissipation 900 mwW 1000 mW Small Outline Package
(Notes 5, 11) Vapor Phase (60 seconds) 215°C
T; max 150°C 150°C Infrared (15 seconds) 220°C
Oia See AN-450 “Surface Mounting Methods and Their Effect
Ceramic DIP (J) Package 70°C/W on Product Reliabi[ity" for other methods of soldering
Plastic DIP (N) Package 75°C/W ;;gf;:r‘:::; ?;\;??2) 900V
Surface Mount Narrow (M) 100°C/W
DC Electrical Characteristics (ot 7) _
Symbol Parameter Conditions LF147 LF347B LF347 Units
Min | Typ |Max |Min | Typ [Max |Min | Typ |Max
Vos Input Offset Voltage Rgs=10 kQ, Tp=25'C 1 5 3 5 5 10 mV
Over Temperature 8 7 13 mV
AVog/AT | Average TC of Input Offset Rg=10 kQ 10 10 10 pvrc
Voltage
los Input Offset Current Tj=25°C, (Notes 7, 8) 25 (100 25 |100 25 (100 pA
Over Temperature 25 4 4 nA
Is Input Bias Current T;=25°C, (Notes 7, 8) 50 |[200 50 |200 50 | 200 pA
| Over Temperature 50 8 8 nA
Rin Input Resistance Tj=25'C 102 102 102 Q
AvoL Large Signal Voltage Gain Vg=%15V, Tp=25°C 50.| 100 50 100 25 100 V/mV
Vo=+10V, R =2 kQ
Over Temperature 25 25 15 V/imV
Vo Output Voltage Swing Vg=%15V, R =10 kQ +12 | £135 +12 | £135 +12 | £135 v
Veum Input Common-Mode Voltage Vg=%15V 11| +15 +11 | +15 11 | +15 \
Range -12 -12 -12 v
CMRR Common-Mode Rejection Ratio Rs<10 kQ 80 | 100 80 | 100 70 | 100 dB
PSRR Supply Voltage Rejection Ratio (Note 9) 80 100 80 100 70 100 dB
Is Supply Current 7.2 11 7.2 11 7.2 1 mA

www.national.com
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AC Electrical Characteristics (note 7)

Symbol Parameter Conditions LF147 LF347B LF347 Units
Min | Typ |Max | Min | Typ |Max | Min | Typ |Max
Amplifier to Amplifier Coupling Ta=25C, -120 -120 -120 dB
f=1 Hz-20 kHz
(Input Referred)
SR Slew Rate Vg=%15V, Tp=25'C 8 13 8 13 8 13 Vips
GBW Gain-Bandwidth Product Vg=%15V, Tp=25'C 2.2 4 22 4 22 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg=1009Q, 20 20 20 nv/JAz
f=1000 Hz
in Equivalent Input Noise Current T;=25°C, {=1000 Hz 0.01 0.01 0.01 pA/ﬁ
THD Total Harmonic Distortion Ay=+10, R =10k, <0.02 <0.02 <0.02 %
V=20 Vp-p,
BW=20 Hz-20 kHz

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits.

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 4: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded.

Note 5: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6.

Note 6: The LF147 is available in the military temperature range -55°C<Tx<125°C, while the LF347B and the LF347 are available in the commercial temperature
range 0°C<T<70°C. Junction temperature can rise to T; max = 150°C.

Note 7: Unless otherwise specified the specifications apply over the full temperature range and for Vg=+20V for the LF147 and for Vg=%15V for the LF347B/LF347.
Vos, Ig, and lps are measured at Vg=0.

Note 8: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited pro-
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem-
perature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp where 64 is the thermal resistance from junction to ambient. Use of a heat sink is recommended
if input bias current is to be kept to @ minimum.

Note 9: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from
Vg = £ 5V to 15V for the LF347 and LF347B and from Vg = £20V to 5V for the LF147.

Note 10: Refer to RETS147X for LF147D and LF147J military specifications.

Note 11: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out-
side guaranteed limits.

Note 12: Human body model, 1.5 kQ in series with 100 pF.

1-17 www.national.com
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LF353

NNatio.nal Semiconductor

LF353

Wide Bandwidth Dual JFET Input Operational Amplifier

Géneral Description

These devices are low cost, high speed, dual JFET input op-
erational amplifiers with an internally trimmed input offset
voltage (BI-FET II™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance of
existing LM1558 and LM358 designs.

These amplifiers ‘may be used in applications such as high
speed integrators, fast D/A converters, sample and hold cir-
cuits and many other circuits requiring low input offset volt-
age, low input bias current, high input impedance, high slew
rate and wide bandwidth. The devices also exhibit low noise
and offset voltage drift.

Typical Connection

O
-VEe

Simplified Schematic

1/2 Dual
Vee O

Vo

INTERNALLY

INTERNALLY TRIMMED

TRIMMED

-V O-

DS005649-16

Features

m Internally trimmed offset voltage: 10 mV
m Low input bias current: 50pA
m Low input noise voltage: 25 nVANHz
® | ow input.noise current: 0.01 pAAWHz
® Wide gain bandwidth: 4 MHz
m High slew rate: 13 Vips
= Low supply current: © 3.6mA
= High input impedance: 10"2Q
® Low total harmonic distortion : <0.02%
® Low 1/f noise corner: 50 Hz
m Fast settling time t0.0.01%: 2 s
Connection Diagram

Dual-In-Line Package
ouTPUT A —H] U L
INVERTING INPUT A _2 -7— 0UTPUT B
£
NOMINVERTNS 3 INVERTING INPUT B
v- - l 5 __ NONINVERTING
INPUT B
DS005649-17
Top View

Order Number LF353M, LF353MX or LF353N
See NS Package Number MO8A or NOSE
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Absolute Maximum Ratings (Note 1) Small Outline Package
If Military/Aerospace specified devices are required, Vapor Phase (60 sec.) 215°C
please contact the National Semiconductor Sales Office/ Infrared (15 sec.) 220°C
Distributors for availability and specifications. See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
Supply Voltage +18v surface mount devices.
Power Dissipation (Note 2) ESD Tolerance (Note 8) 1700V
Operating Temperature Range 0°Cto +70°C 6,4 M Package TBD
Ti(MAX) 150°C Note 1: Absolute Maximum Ratings indicate limits beyond which damage to
Differential Input Voltage +30V the device may occur. Operating ratings indicate conditions for which the de-
vice is functional, but do not guarantee specific performance limits. Electrical
Input Voltage Range (Note 3) +15V Characteristics state DC and AC electrical specifications under particular test
Output Short Circuit Duration Continuous conditions which guarantee specific performance limits. This assumes that
Storage Temperature Range TR TC bt i ot oo S
Lead Temp. (Soldering, 10 sec.) 260°C dication of device performance.
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
DC Electrical Characteristics
(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Vos Input Offset Voltage Rs=10kQ, To=25C 5 10 mV
Over Temperature 13 mV
AVog/AT Average TC of Input Offset Voltage Rg=10 kQ 10 pvrc
los Input Offset Current T;=25°C, (Notes 5, 6) 25 100 pA
T<70°C 4 nA
la Input Bias Current T;=25C, (Notes 5, 6) 50 200 pA
T<70°C 8 nA
Rin Input Resistance T;=25°C 10'2 Q
AvoL Large Signal Voltage Gain Vg=£15V, Tp=25'C 25 100 V/imV
Vo=%10V, R =2 kQ
Over Temperature 15 V/imV
Vo Output Voltage Swing Vg=+15V, R =10kQ *12 +13.5 \
Vem Input Common-Mode Voltage Vg=%15V +11 +15 \'%
Range -12 \
CMRR Common-Mode Rejection Ratio Rs< 10kQ 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 7) 70 100 dB
lg Supply Current 3.6 6.5 mA
AC Electrical Characteristics
(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Amplifier to Amplifier Coupling Ta=25°C, f=1 Hz-20 kHz -120 dB
(Input Referred)
SR Slew Rate Vg=%15V, T,=25C 8.0 13 V/us
GBW Gain Bandwidth Product Vg=%15V, Tp=25C 2.7 4 MHz
en Equivalent Input Noise Voltage TA=25"C, Rg=100Q, 16 nV/JAz
f=1000 Hz
in Equivalent Input Noise Current T;=25°C, f=1000 Hz 0.01 pA/ Az
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LF353

AC Electrical Characteristics (continued)

(Note 5)
Symbol Parameter Conditions LF353 Units
Min Typ Max
THD Total Harmonic Distortion Ay=+10, RL=10k, <0.02 %
Vo=20Vp-p,
BW=20 Hz-20 kHz

Note 2: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 115°C/W typ junction to ambient for the N package,
and 158°C/W typ junction to ambient for the H package.

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.
Note 4: The power dissipation limit, however, cannot be exceeded.
Note 5: These specifications apply for Vg=+15V and 0°C<Tp<+70°C. Vg, Igand lpg are measured at Vgy=0.

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to the limited
production test time, the input bias currents measured are correlated to junction temp In normal operation the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+6ja Pp Where 6j is the thermal resistance from junction to ambient. Use of a heat sink is recom-
mended if input bias current is to be kept to a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vg =
+6V to £15V.

Note 8: Human body model, 1.5 kQ in series with 100 pF.
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NNational Semiconductor

LF411

Low Offset, Low Drift JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply cur-
rent yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF411 is pin compatible with the standard LM741 allowing
designers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold cir-
cuits and many other circuits requiring low input offset volt-
age and drift, low input bias current, high input impedance,
high slew rate and wide bandwidth.

Features

m Internally trimmed offset voltage: 0.5 mV(max)
m Input offset voltage drift: 10 pV/'C(max)
m Low input bias current: 50 pA
® Low input noise current: 0.01 pANHz
m Wide gain bandwidth: 3 MHz(min)
m High slew rate: 10V/ps(min)
m Low supply current: 1.8 mA
® High input impedance: 10'2Q
m Low total harmonic distortion: <0.02%
® Low 1/f noise corner: 50 Hz
m Fast settling time to 0.01%: 2 pus

Typical Connection

Rf
M

-VEE

DS005655-1

Ordering Information
LF411XYZ

X indicates electrical grade

Y indicates temperature range
“M” for military
“C” for commercial

Z indicates package type
“H” or “N”

Connection Diagrams

Metal Can Package

DS005655-5

Note: Pin 4 connected to case.
Top View
Order Number LF411ACH
or LF411MH/883 (Note 11)
See NS Package Number HO8A

Dual-In-Line Package
<J '

1

BALANCE —
2

INPUT =] :b_L f— v*

weut 5 oureur

4 5
© VT — [ BALANCE

DS005655-7
Top View
Order Number LF411ACN, LF411CN
See NS Package Number NOSE

1-21

www.national.com

Livd



LF411

Absolute Maximum Ratings (Note 1) H Package N Package
If Military/Aerospace specified devices are required, Tymax 150°C 115°C
please contact the National Semiconductor Sales Office/ 6A 162°C/W (Still Air) 120°C/W
Distributors for availability and specifications. 65°C/W (400 LF/min
LF411A LF411 Air Flow)
Supply Voltage £20V +18V 6C 20°C/w
Differential Input Voltage +38V +30V Operating Temp. .
Input Voltage Range Range (Note 4) (Note 4)
(Note 2) £19V +15V Storage Temp. s
Output Short Circuit Range —-65°C<T,<150°C  -65°C<T,<150°C
Duration Continuous ~ Continuous Lead Temp. ) .
H Package N Package (1%0;%%':')"9’ 260°C 260°C
Power Dissipation ESD Tolerance Rating to be determined.
(Notes 3, 10) 670 mW 670 mW
DC Electrical Characteristics (ote 5)
Symbol Parameter Conditions LF411A LF411 Units
Min | Typ |Max | Min | Typ Max
Vos Input Offset Voltage Rs=10 kQ, Tp=25°C 0.3 0.5 0.8 2.0 mV
AVog/AT | Average TC of Input Rg=10 kQ (Note 6) 7 10 7 20 uvrc
Offset Voltage (Note 6)
los Input Offset Current Vg=%15V T;=25C 25 100 25 100 pA
(Notes 5, 7) T=70°C 2 2 nA
T=125°C 25 25 nA
Is Input Bias Current Vg=%15V T;=25'C 50 200 50 200 pA
(Notes 5, 7) T;=70'C 4 4 nA
T=125'C 50 50 nA
Rin Input Resistance T;=25°C 1012 10%2 Q
AvoL Large Signal Voltage Vg=£15V, Vo=%10V, 50 200 25 200 V/imV
Gain R =2k, Tp=25°C
Over Temperature 25 200 15 200 V/imV
Vo Output Voltage Swing Vg=%15V, R =10k +12 | 135 +12 | £13.5 Vv
Vewm Input Common-Mode +16 | +19.5 +11 | +14.5 \"
Voltage Range -16.5 -11.5 \"
CMRR Common-Mode Rg<10k 80 100 70 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 8) 80 100 70 100 dB
Rejection Ratio
Is Supply Current 1.8 2.8 1.8 3.4 mA
AC Electrical Characteristic (note 5)
Symbol Parameter Conditions LF411A LF411 Units
Min | Typ | Max | Min | Typ | Max
SR Slew Rate Vg=%15V, Tp,=25°C 10 15 8 15 V/us
GBW Gain-Bandwidth Product Vg=£15V, Tp=25'C 3 4 2.7 4 MHz
e, Equivalent Input Noise Voltage | To=25°C, Rg=100%, 25 25 nv/JHz
f=1 kHz
in Equivalent Input Noise Current Ta=25°C, f=1 kHz 0.01 0.01 pA/VAZ
THD Total Harmonic Distortion Ay=+10, R =10k, <0.02 <0.02 %
V=20 Vp-p,
BW=20 Hz-20 kHz
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AC Electrical Characteristic (note 5) (Continued)

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 3: For operating at elevated temp , these devices must be d d based on a thermal resistance of §/A.

Note 4: These devices are available in both the commercial temperature range 0°C<T5<70°C and the military temperature range -55°C<T<125°C. The temperature
range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” indicates the
military temperature range. The military temp range is available in “H” p only.

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vg=+20V for the LF411A and for Vg=+15V for the LF411. Vg,
I, and lpg are measured at Vgy=0.

Note 6: The LF411Ais 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited pro-
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem-
perature as a result of internal power dissipation, Pp. Tj=Ta+8j4 Pp where 8j is the thermal resistance from junction to ambient. Use of a heat sink is recommended
if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice, from
+15V to x5V for the LF411 and from +£20V to 5V for the LF411A.

Note 9: RETS 411X for LF411MH and LF411MJ military specifications.

Note 10: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out-
side guaranteed limits.

Livdd
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NNatio,nal, Semiconductor

LF412

Low Offset, Low Drift Dual JFET Input Operational

Amplifier
General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voltage and guar-
anteed input offset voltage drift. They require low supply cur-
rent yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF412 dual is pin compatible with the LM1558, allowing de-
signers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold cir-
cuits and many other circuits requiring low input offset volt-
age and drift, low input bias current, high input impedance,
high slew rate and wide bandwidth.

Features
m Internally trimmed offset voltage: 1 mV (max)
m Input offset voltage drift: 10 pV/°C (max)

Low input bias current: 50 pA

Low input noise current: 0.01 pA/JHz

Wide gain bandwidth: 3 MHz (min)

High slew rate: 10V/ps (min)

Low supply current: 1.8 mA/Amplifier

High input impedance: 10'2Q

Low total harmonic distortion
Low 1/f noise corner: 50 Hz
Fast settling time to 0.01%:

<0.02%

2 s

Typical Connection

Ry
MV

Vee

Q
-VEE

DS005656-41

Ordering Information
LF412XYZ

X indicates electrical grade

Y indicates temperature range
“M” for military
“C” for commercial

Z indicates package type
“H” or “N”

Connection Diagrams

Metal Can Package

INVERTING
INPUT B

INVERTING
INPUT A

NON-INVERTING
INPUT B

NON-INVERTING
INPUT A

V-
Note. Pin 4 connected to case.
TOP VIEW

DS005656-42

Order Number LF412MH, LF412CH
or LF412MH/883 (Note 1)
See NS Package Number HO8A

Dual-In-Line Package

LIy

1
OUTPUTA ~—1
2 7
INVERTING INPUT A —— — OUTPUTB

INVERTING INPUT B

NON-INVERTING _3
INPUT A

v- 4 L 5__ NON-INVERTING
i INPUT B

TOP VIEW
DS005656-44
Order Number LF412ACN, LF412CN
or LF412MJ/883 (Note 1)
See NS Package Number JOSA or NOSE
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Simplified Schematic

1/2 Dual
Vee O-
Vo
- +
INTERNALLY
INTERNALLY TRIMMED
TRIMMED
Vee O ®
DS005656-43
Note 1: Available per JM38510/11905
Detailed Schematic
Ve O ° . -
13
3
a2
[ as
I 1 g an k
SRS
>
[ S
- < )
) a7 +—OVp
[ a5 )
10 pF >
<
. > ‘:?:
i b3 <
SRa > bk a1 r
S 20k
! 9

1117({

218

VWV
w
e3

R8
¥DZ 160

i@a

DS005656-32
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LF412

Absolute Maximum Ratings (ote 2)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 11)

LF412A LF412 H Package N Package
Supply Voltage +22V +18V T; max 150°C 115°C
Differential Input Voltage +38V +30V 6;a (Typical) 152°C/W 115°C/W
Input voltage Range Operating Temp. Range (Note 6) (Note 6)
(Note 3) +19V +15V Storage Temp. -65°C<TA<150°C -65°C<T,<150°C
Output Short Circuit Range
Duration (Note 4) Continuous  Continuous Lead Temp.
- H Package N Package (Soldering, 10 sec.) 260°C 260°C
Power Dissipation ESD Tolerance
(Note 12) (Note 5) 670 MW (Note 13) 1700V 1700V
DC Electrical Characteristics
(Note 7)
Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
Vos Input Offset Voltage Rs=10 kQ, To=25°C 0.5 1.0 1.0 3.0 mV
AVog/AT | Average TC of Input Rs=10 kQ (Note 8) 7 10 7 20 pvrc
Offset Voltage
los Input Offset Current Vg=%15V T;=25C 25 100 25 100 pA
(Notes 7, 9) T,=70°C 2 2 nA
T=125C 25 25 nA
Is Input Bias Current Vg=+15V T;=25°C 50 200 50 200 pA
(Notes 7, 9) T;=70°C 4 4 nA
T,=125C 50 50 nA
Rin Input Resistance | T,;=25°C 10'2 102 Q
AvoL Large Signal Voltage Vg=%15V, Vo=%10V, 50 200 25 200 V/mV
Gain R =2k, To=25C
: Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing Vg=+15V, R =10k +12 | £135 +12 | 135 \
Vem Input Common-Mode +16 | +19.5 =11 | +145 Vv
Voltage Range -16.5 -11.5 Vv
CMRR Common-Mode Rs<10k 80 100 70 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 10) 80 100 70 100 dB
Rejection Ratio
Is Supply Current Vo =0V, R = 3.6 5.6 3.6 6.5 mA

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

AC Electrical Characteristics

(Note 7)
Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
Amplifier to Amplifier TA=25"C, f=1 Hz-20 kHz -120 -120 dB
Coupling (Input Referred)
SR Slew Rate Vg=%15V, Tp=25°C 10 15 8 15 Vius
GBW Gain-Bandwidth Product Vg=£15V, Tp=25°C 3 4 2.7 4 MHz
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AC Electrical Characteristics (continued)

(Note 7)
Symbol Parameter Conditions LF412A LF412 Units
Min Typ Max | Min Typ Max
THD Total Harmonic Dist Ay=+10, R =10k, <0.02 <0.02 %
Vo=20 Vp-p,
BW=20 Hz-20 kHz
e, Equivalent Input Noise Ta=25°C, Rg=1009, 25 25 nV/ iz
Voltage f=1 kHz
in Equivalent Input Noise TA=25°C, f=1 kHz 0.01 0.01 pA/\FzZ
Current

Note 3: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 4: Any of the amplifier outputs can be shorted to ground indefintely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded.

Note 5: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 8ja.

Note 6: These devices are available in both the commercial temperature range 0°C<T,<70°C and the military temperature range —55°C<T<125°C. The temperature
range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” indicates the
military temperature range. The military temperature range is available in “H” package only. In all cases the maximum operating temperature is limited by internal junc-
tion temperature T; max.

Note 7: Unless otherwise specified, the specifications apply over the full temperature range and for Vg=+20V for the LF412A and for Vg=+15V for the LF412. Vg,
Ig, and lpg are measured at Vcy=0.

Note 8: The LF412Ais 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 85% of the amplifiers meet this speci-
fication.

Note 9: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited pro-
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem-
perature as a result of internal power dissipation, Pp. Tj=Ta+6js Pp where 64 is the thermal resistance from junction to ambient. Use of a heat sink is recommended
if input bias current is to be kept to a minimum.

Note 10: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice. Vg
= +6V to £15V.

Note 11: Refer to RETS412X for LF412MH and LF412MJ military specifications.

Note 12: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate out-
side guaranteed limits.

Note 13: Human body model, 1.5 kQ in series with 100 pF.
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LF442

National Semiconductor

LF442

Dual Low Power JFET Input Operational Amplifier

General Description

The LF442 dual low power operational amplifiers provide
many of the same AC characteristics as the industry stan-
dard LM1458 while greatly improving the DC characteristics
of the LM1458. The amplifiers have the same bandwidth,
slew rate, and gain (10 kQ load) as the LM1458 and only
draw one tenth the supply current of the LM1458. In addition
the well matched high voltage JFET input devices of the
LF442 reduce the input bias and offset currents by a factor of
10,000 over the LM1458. A combination of careful layout de-
sign and internal trimming guarantees very low input offset
voltage and voltage drift. The LF442 also has a very low
equivalent input noise voltage for a low power amplifier.
The LF442 is pin compatible with the LM1458 allowing an
immediate 10 times reduction in power drain in many appli-
cations. The LF442 should be used where low power dissi-
pation and good electrical characteristics are the major con-
siderations.

High input impedance: 10'2Q
High gain Vo = £10V, R = 10k: 50k (min)

Features

m 1/10 supply current of a LM1458: 400 pA (max)
m Low input bias current: 50 pA (max)

= Low input offset voltage: 1 mV (max)

= Low input offset voltage drift: - 10 pV/°C (max)
m High gain bandwidth: 1 MHz

m High slew rate: 1 V/ps

® Low noise voltage for low power: 35 nV/yHz
= Low input noise current:  0.01 pA/JHz

[

n

Typical Connection

Ry
——AAA———

-VEE

DS009155-1

Ordering Information

LF442XYZ

X indicates electrical grade

Y indicates temperature range
“M” for military
“C” for commercial

Z indicates package type
“H” or “N”

Connection Diagrams

Metal Can Package

NON-INVERTING
INPUT B

DS009155-2

Pin 4 connected to case

Top View
Order Number LF442AMH or LF442MH/883
See NS Package Number HO8A

Dual-In-Line Package

1 v
OUTPUT A T LIV

2
INVERTING INPUT A =y

7
— OUTPUTB

NON-INVERTING _3
INPUT A

INVERTING INPUT B

4 5
v-

NON-INVERTING
INPUT B

DS009155-4
Top View
Order Number LF442ACN or LF442CN
See NS Package Number NOSE
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Absolute Maximum Ratings (Note 1) H Package N Package
If Military/Aerospace specified devices are required, 0,4 (Typical) . .
please contact the National Semiconductor Sales Office/ Engtg gg 16655%//\/\\//\, ]},‘éngv
Distributors for availability and specifications. ; .
0,¢ (Typical) 21°C/W
LF442A LF442 Operating Temperature (Note 5) (Note 5)
Supply Voltage +22V +18V Range
Differential Input Voltage +38V +30V Storage —65°C<T,<150°C -65°C<T,<150°C
Input Voltage Range +19V +15V Temperature Range
(Note 2) Lead Temperature 260°C 260°C
Output Short Circuit Continuous  Continuous (Soldering, 10 sec.)
Duration (Note 3) ESD Tolerance Rating to be determined
H Package N Package
T; max 150°C 115°C
DC Electrical Characteristics (ote 7)
Symbol Parameter Conditions LF442A LF442 Units
Min Typ | Max | Min Typ | Max
Vos Input Offset Voltage Rs = 10 kQ, Tp = 25°C 0.5 1.0 1.0 5.0 mV
Over Temperature 7.5 mv
AVos/AT | Average TC of Input Rg = 10 kQ 7 10 7 pv/°c
Offset Voltage
los Input Offset Current Vg = £15V T, =25C 5 25 5 50 pPA
(Notes 7, 8) T,=70C 1.5 1.5 nA
T, =125C 10 nA
Ig Input Bias Current Vg = 15V T, =25C 10 50 10 100 pA
(Notes 7, 8) T, =70C 3 3 nA
T, =125C 20 nA
Rin Input Resistance T,=25C 102 102 Q
AvoL Large Signal Voltage Vg = £15V, Vg = 10V, 50 200 25 200 Vimv
Gain RL=10kQ, Tp = 25°C
Over Temperature 25 200 15 200 V/mV
Vo Output Voltage Swing Vg = 15V, R, = 10 kQ +12 +13 +12 +13 \"
Vem Input Common-Mode +16 | +18 +11 +14 Vv
Voltage Range -17 -12 \%
CMRR Common-Mode Rs <10 kQ 80 100 70 95 dB
Rejection Ratio
PSRR Supply Voltage (Note 9) 80 100 70 90 dB
Rejection Ratio
Is Supply Current 300 400 400 500 UA
AC Electrical Characteristics (ot 7)
Symbol Parameter Conditions LF442A LF442 Units
Min | Typ Max | Min Typ Max
Amplifier to Amplifier Ta =25°C, f =1 Hz-20 kHz -120 -120 dB
Coupling (Input Referred)
SR Slew Rate Vg = 215V, T, = 25°C 0.8 1 0.6 1 V/us
GBW Gain-Bandwidth Product Vg = 15V, T, = 25°C 0.8 1 0.6 1 MHz
e, Equivalent Input Noise Ta = 25°C, Rg = 100Q, 35 35 nv/JAz
Voltage f=1kHz
in Equivalent Input Noise Ta=25C,f=1kHz 0.01 0.01 pA/ Az
Current
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AC Electrical Characteristics (note 7) (Continued)

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

| Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

f Note 3: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded. T

Note 4: The value given is in 400 linear feet/min air flow.

Note 5: The value given is in static air.

Note 6: These devices are available in both the commercial temperature range 0°C < Tp < 70°C and the military temperature range -55°C < Tp < 125°C. The tem-
perature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an “M” indi-
cates the military temperature range. The military temperature range is available in “H” package only.

Note 7: Uniess otherwise specified, the specifications apply over the full temperature range and for Vg = 20V for the LF442A and for Vg = £15V for the LF442.
Vos, I, and lpg are measured at Vgy = 0. '

Note 8: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T;. Due to limited pro-
duction test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises above the ambient tem-
perature as a result of internal power dissipation, Pp. T = Ta + 6;APp Where 8ja is the thermal resistance from junction to ambient. Use of a heat sink is recommended
if input bias current is to be kept to a minimum.

Note 9: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simulitaneously in accordance with common practice from
+15V to £5V for the LF442 and +20V to +5V for the LF442A.

Note 10: Refer to RETS442X for LF442MH military specifications.

LF442

Simplified Schematic

1/2 Dual
Vee O
Vo
- >
INTERNALLY
INTERNALLY TRIMMED
TRIMMED .
-Vgg O~ g ¢ )
DS009155-3
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NNational Semiconductor

LF444

Quad Low Power JFET Input Operational Amplifier

General Description

The LF444 quad low power operational amplifier provides
many of the same AC characteristics as the industry stan-
dard LM148 while greatly improving the DC characteristics
of the LM148. The amplifier has the same bandwidth, slew
rate, and gain (10 kQ load) as the LM148 and only draws
one fourth the supply current of the LM148. In addition the
well matched high voltage JFET input devices of the LF444
reduce the input bias and offset currents by a factor of
10,000 over the LM148. The LF444 also has a very low
equivalent input noise voltage for a low power ampilifier.
The LF444 is pin compatible with the LM148 allowing an im-
mediate 4 times reduction in power drain in many applica-
tions. The LF444 should be used wherever low power dissi-
pation and good electrical characteristics are the major
considerations.

Features

m 4 supply current of a LM148: 200 pA/Amplifier (max)
m Low input bias current: 50 pA (max)

® High gain bandwidth: 1 MHz

® High slew rate: 1 V/us

m Low noise voltage for low power 35 nV/J/Hz

m Low input noise current 0.01 pA/JHz

m High input impedance: 10'2Q

® High gain: 50k (min)

Simplified Schematic

1/4 Quad
Vee O—

Vo

-Vgg O _ . >
DS009156-1

Ordering Information

LF444XYZ

X indicates electrical grade

Y indicates temperature range

“M” for military, “C” for commercial
Z indicates package type “D”, “M” or “N”

Connection Diagram

Dual-In-Line Package

ouT4 NG~ INat v~ IN3* IN3™ out3
14 I 13 12 I 1 10 | 9 I 8
+
1

1 I 2 3 4 5 6 I 7
ouT1 IN1~ INT* vt In2* IN2™ out2
DS009156-2

Top View

Order Number LF444CM, LF444CMX,
LF444ACN, LF 444CN or LF444MD/883
See NS Package Number D14E, M14A or N14A
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LF444

Absolute Maximum Ratings (Note 11) LF444A/LF444

If Military/Aerospace specified devices are required, Operating Temperature Range (Note 4)
please contact the National Semiconductor Sales Office/ Storage Temperature Range -65°C < Tp,<150°C
Distributors for availability and specifications. ESD Tolerance (Note 10) Rating to

LF444A LF444 be determined
Supply Voltage +22V +18V Soldering Information
Differential Input Voltage +38V £30V Dual-In-Line Packages
Input Voltage Range +19V +15V (Soldering, 10 sec.) 260°C
(Note 1) Small Outline Package.
Output Short Circuit Continuous  Continuous Vapor Phase (60 sec.) 215°C
Duration (Note 2) Infrared (15 sec.) 220°C
See AN-450 “Surface Mounting Methods and Their Effect on
D Package N, M Packages Product Reliability” for other methods of soldering surface
Power Dissipation 900 mW 670 mW mount devices.
(Notes 3, 9)
T; max 150°C 115°C
6, (Typical) 100°C/W 85°C/W
DC Electrical Characteristics (Note 5)
Symbol Parameter Conditions LF444A LF444 Units
Min Typ Max | Min Typ Max
Vos Input Offset Voltage Rs = 10k, Tp = 25°C 2 5 3 10 mV
0°C < T, <+70°C 6.5 12 mV
-55°C < Tp<+125°C 8 mV
AVog/AT | Average TC of Input Rs =10 kQ 10 10 uv/c
Offset Voltage )
los Input Offset Current Vg = =15V T,=25C 5 25 5 50 pA
(Notes 5, 6) T,=70"C 15 1.5 nA
T, =125°C . 10 nA
Ig Input Bias Current Vg = £15V T;=25°C 10 50 10 100 pA
(Notes 5, 6) T,=70C 3 3 nA
T; = 125°C 20 nA
Rin Input Resistance T,=25C 1012 1012 Q
AvoL Large Signal Voltage Vg = 215V, Vg = £10V 50 100 .25 100 V/mV
Gain R.=10kQ, To =25°C
Over Temperature 25 15 V/mV
Vo Output Voltage Swing Vg = £15V, R_ = 10 kQ +12 +13 +12 +13 \
Vem Input Common-Mode +16 +18 +=11 +14 \
Voltage Range -17 -12 \Y
CMRR Common-Mode Rs < 10 kQ 80 100 70 95 dB
Rejection Ratio
PSRR Supply Voltage (Note 7) 80 100 70 90 dB
Rejection Ratio '
Is Supply Current 0.6 0.8 06 | 1.0 mA
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AC Electrical Characteristics (note 5)

vyvdl

Symbol Parameter Conditions LF444A LF444 Units
Min | Typ |Max | Min | Typ | Max

Amplifier-to-Amplifier -120 -120 dB
Coupling

SR Slew Rate Vg = £15V, T, =25°C 1 1 Vlips

GBW Gain-Bandwidth Product Vg = £15V, T, = 25°C 1 1 MHz

e, Equivalent Input Noise Voltage Ta = 25°C, Rg = 1009, 35 a5 nv/JHz

f=1kHz
in Equivalent Input Noise Current Ta=25C,f=1kHz 0.01 0.01 pA/JHz

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum junction
temperature will be exceeded.

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 6ja.

Note 4: The LF444A is available in both the commercial temperature range 0°C < T < 70°C and the military temperature range —-55°C < Tp < 125°C. The LF444 is
available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device number. A “C”
indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available in “D” package only.
Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vg = 20V for the LF444A and for Vg = 15V for the LF444. Vg,
I, and lgg are measured at Vgy = 0.

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to limited pro-
duction test time, the input bias currents measured are correlated to junction temperature. in normal operation the junction temperature rises above the ambient tem-
perature as a result of internal power dissipation, Pp. T; = Ta + 6;aPp where 8j4 is the thermal resistance from junction to ambient. Use of a heat sink is recommended
if input bias current is to be kept to a minimum.

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common practice from
+15V to =5V for the LF444 and from +20V to x5V for the LF444A.

Note 8: Refer to RETS444X for LF444MD military specifications.

Note 9: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part to operate outside
guaranteed limits.

Note 10: Human body model, 1.5 kQ2 in series with 100 pF.

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.
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LM10

NNational Semiconductor

LM10

Operational Amplifier and Voltage Reference

General Description

The LM10 series are monolithic linear ICs consisting of a
precision reference, an adjustable reference buffer and an
independent, high quality op amp.

The unit can operate from a total supply voltage as low as
1.1V or as high as 40V, drawing only 270pA. A complemen-
tary output stage swings within 15 mV of the supply termi-
nals or will deliver £20 mA output current with £0.4V satura-
tion. Reference output can be as low as 200 mV.

The circuit is recommended for portable equipment and is
completely specified for operation from a single power cell.
In contrast, high output-drive capability, both voltage and
current, along with thermal overload protection, suggest it in
demanding general-purpose applications.

The device is capable of operating in a floating mode, inde-
pendent of fixed supplies. It can function as a remote com-
parator, signal conditioner, SCR controller or transmitter for

analog signals, delivering the processed signal on the same
line used to supply power. It is also suited for operation in a
wide range of voltage- and current-regulator applications,
from low voltages to several hundred volts, providing greater
precision than existing ICs.

This series is available in the three standard temperature
ranges, with the commercial part having relaxed limits. In ad-
dition, a low-voltage specification (suffix “L”) is available in
the limited temperature ranges at a cost savings.

Features

m input offset voltage: 2.0 mV (max)
m input offset current: 0.7 nA (max)
m input bias current: 20 nA (max)

m reference regulation: 0.1% (max)
m offset voltage drift: 2pV/°’C

m reference drift: 0.002%/°C

Connection and Functional Diagrams

Metal Can Package (H)

REFERENCE
FEEDBACK

TOP VIEW
DS005652-1
Order Number LM10BH, LM10CH,
LM10CLH or LM10H/883
available per SMA# 5962-8760401
See NS Package Number HO8A

Dual-In-Line Package (N)

REFERENCE __1 | U |8 REFERENCE
ouTPUT FEEDBACK
0P AMP _2 7
INPUT (=) — Vv
0P AMP _3 | |6 opamp
INPUT (+) ouTPUT
4 5
V- — — BALANCE

TOP VIEW
DS005652-15

Order Number LM10CN or LM10CLN

See NS Package Number NOSE

Small Outline Package (WM)
| N~ L

Ne—1 H4 ne
Ne—2 13 _\¢
REF OUTPUT — 12 REF FEEDBACK
Op AMP INPUT(-)—4 1+

5 10

Op AMP INPUT (#) — L= 0p AMP OUTPUT
.l 9 BALANCE
Ne—L 2 e

DS005652-17

Order Number LM10CWM or LM10CWMX
See NS Package Number M14B

REFERENCE
OUTPUT FEEDBACK

|s R

BALANCE

REFERENCE

INPUTS OUTPUT

REFERENCE

V-
DS005652-16
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OLNT

Absolute Maximum Ratings (Notes 1, 8) ESD rating is to be determined.

If Military/Aerospace specified devices are required, Maximum Junction Temperature

please contact the National Semiconductor Sales Office/ LM10 150°C

Distributors for availability and specifications. LM10B 100°C

LM10/LM10B/ LM10BL/ LM10C 85°C
LM10C LM10CL

Total Supply Voltage 45v A Operating Ratings

Differential Input Voltage (Note 2) +40V +7V

Power Dissipation (Note 3) internally limited Package Thermal Resistance

Output Short-circuit Duration (Note 4) continuous 0)a

Storage-Temp. Range -55°C to +150°C H Package 150°C/W

Lead Temp. (Soldering, 10 seconds) N Package 87°C/W
Metal Can 300°C WM Package 90°C/W

Lead Temp. (Soldering, 10 seconds) DIP 260°C
Vapor Phase (60 seconds) 215°C Buc i
Infrared (15 seconds) 220°C H Package 45°C/wW

See AN-450 “Surface Mounting Methods and Their Effect on
Product Reliability” for other methods of soldering surface
mount devices.

Electrical Characteristics
T,=25°C, Tmins<T,<Tnax (Boldface type refers to limits over temperature range) (Note 5)

Parameter Conditions LM10/LM10B LM10C Units
Min Typ Max Min Typ Max
Input offset voltage 0.3 2.0 0.5 4.0 mV
3.0 5.0 mV
Input offset current 0.25 0.7 0.4 2.0 nA
(Note 6) 1.5 3.0 nA
Input bias current 10 20 12 30 nA
30 40 nA
Input resistance 250 500 150 400 kQ
150 115 kQ
Large signal voltage Vg=%20V, loyr=0 120 400 80 400 V/mV
gain Vour=%19.95V 80 50 V/mV
Vg=£20V, Vour=%19.4V 50 130 25 130 V/mV
lour=%20 MA (15 mA) 20 15 V/mV
Vg=%0.6V (0.65V), loyr=£2 mA 1.5 3.0 1.0 3.0 V/mV
Vour=%0.4V (£0.3V), Vcp=-0.4V 0.5 0.75 V/mV
Shunt gain (Note 7) 1.2V (1.3V) <V r<40V, 14 33 10 33 V/imV
R =1.1 kQ
0.1 mA<lgy7<5 mA 6 6 V/mV
1.5VV*<40V, R =250Q 8 25 6 25 V/mV
0.1 mA<loy7<20 mA 4 4 V/mV
Common-mode —20V<Vy<19.15V (19V) 93 102 90 102 dB
rejection Vg=%20V 87 87 dB
Supply-voltage -0.2V2V—=>-39V 90 96 87 96 dB
rejection V+=1.0V (1.1V) 84 84 dB
1.0V (1.1V) <V*<39.8V 96 106 93 106 dB
V-=-0.2V 90 920 dB
Offset voltage drift 2.0 5.0 - pv/°C
Offset current drift 2.0 5.0 pA/C
Bias current drift Tc<100°C 60 90 pA/"C
Line regulation 1.2V (1.3V) <Vg<40V 0.001 0.003 0.001 0.008 %N
0<Iggr<1.0 MA, V=200 mV 0.006 0.01 %/
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LM10

Electrical Characteristics (continued)

T,=25°C, Tmin<T,<Tmax (Boldface type refers to limits over temperature range) (Note 5)

Parameter Conditions LM10/LM10B LM10C Units
Min Typ Max Min Typ Max
Load regulation 0<lger<1.0 MA 0.01 0.1 0.01 0.15 %
V*=Vgee21.0V (1.1V) 0.15 0.2 %
Amplifier gain 0.2V<VRge<35V 50 75 25 70 V/mV
23 15 V/imV
Feedback sense 195 200 205 190 200 210 mV
voltage 194 206 189 211 mV
Feedback current 20 50 22 75 nA
65 90 nA
Reference drift 0.002 0.003 %l/°C
Supply current 270 400 300 500 pA
500 570 pA
Supply current change 1.2V (1.3V) sVg=40V 15 75 15 75 HA
Electrical Characteristics
T,=25°C, TminsTs<Tmax (Boldface type refers to limits over temperature range) (Note 5)
Parameter Conditions LM10BL LM10CL Units
Min Typ Max Min Typ Max
Input offset voltage 0.3 2.0 0.5 4.0 mV
3.0 5.0 mV
Input offset current 0.1 0.7 0.2 2.0 nA
(Note 6) 15 3.0 nA
Input bias current 10 20 12 30 nA
30 40 nA
Input resistance 250 500 150 400 kQ
150 115 kQ
Large signal voltage Vg=%£3.25V, loyr=0 60 300 40 300 V/imV
gain Vour=13.2V 40 25 V/mV
Vg=£3.25V, loyr=10 mA 10 25 5 25 V/imv
Vour=12.75 V 4 3 VimV
Vg=£0.6V (0.65V), Ioyr=£2 mA 1.5 3.0 1.0 3.0 V/mV
Vour=+0.4V (£0.3V), Vouy=-0.4V 0.5 0.75 V/imV
Shunt gain (Note 7) 1.5V<V*<6.5V, R =500Q 8 30 6 30 V/imV
0.1 mAs<loyr<10 mA 4 4 V/imV
Common-mode —3.25VV 2.4V (2.25V) 89 102 80 102 dB
rejection Vg=%3.25V 83 74 dB
Supply-voltage -0.2V2V2>-5.4V 86 96 80 96 daB
rejection V*=1.0V (1.2V) 80 74 dB
1.0V (1.1V) <V+*<6.3V 94 106 80 106 dB
V~=0.2V 88 74 dB
Offset voltage drift 2.0 5.0 uvrc
Offset current drift 2.0 5.0 pAI°’C
Bias current drift 60 90 pA/°C
Line regulation 1.2V (1.3V) <Vg<6.5V 0.001 0.01 0.001 0.02 %IV
0<lger<0.5 MA, Vgee=200 mV 0.02 0.03 %IV
Load regulation 0<lger<0.5 mA 0.01 0.1 0.01 0.15 %
V*=Vgee21.0V (1.1V) 0.15 0.2 %
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Electrical Characteristics (continued)

T,=25°C, Tmin<T,<Tuax (Boldface type refers to limits over temperature range) (Note 5)

oL

Parameter Conditions LM10BL LM10CL Units
Min Typ Max Min Typ Max
Amplifier gain 0.2V<VRees<5.5V 30 70 20 70 V/mV
20 15 V/imV
Feedback sense voltage 195 200 205 190 200 210 mV
194 206 189 211 mv
Feedback current 20 50 22 75 nA
65 90 nA
Reference drift 0.002 0.003 %/"C
Supply current 260 400 280 500 HA
500 570 YA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits.

Note 2: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential
input voltage and excess dissipation is accounted for when Viy<V™.

Note 3: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LM10B(L) and 85°C for the LM10C(L). At elevated temperatures, devices
must be derated based on package thermal resistance.

Note 4: Internal thermal limiting prevents excessive heating that could resuit in sudden failure, but the IC can be subjected to accelerated stress with a shorted output
and worst-case conditions.

Note 5: These specifications apply for V"sVgy<V*-0.85V (1.0V), 1.2V (1.3V) <Vg<Vpax, VRer=0.2V and 0<Igge<1.0 mA, unless otherwise specified: Vyax=40Y
for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type indicates limits and altered test conditions for
full peration; this is —-55°C to 125°C for the LM10, —25°C to 85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The specifications do
not mclude the effects of thermal gradients (t1=20 ms), die heating (1,=0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see
curves).

Note 6: For T;>90°C, Igg may exceed 1.5 nA for Voy=V". With Ty=125"C and V"<VgsV™+0.1V, Iggs5 nA.

Note 7: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V* terminal of the IC
and input common mode is referred to V™ (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for by adding
the positive-supply rejection error.

Note 8: Refer to RETS10X for LM10H military specifications.

Definition of Terms

Input offset voltage: That voltage which must be applied Load regulation: The change in reference output voltage
between the input terminals to bias the unloaded output in from no load to that load specified.

the linear region. Feedback sense voltage: The voltage, referred to V-, on
Input offset current: The difference in the currents at the in- the reference feedback terminal while operating in regula-
put terminals when the unloaded output is in the linear re- tion.

gion. Reference amplifier gain: The ratio of the specified refer-
Input bias current: The absolute value of the average of the ence output change to the change in feedback sense voltage
two input currents. required to produce it.

Input resistance: The ratio of the change in input voltage to Feedback current: The absolute value of the current at the
the change in input current on either input with the other feedback terminal when operating in regulation.

grounded. Supply current: The current required from the power
Large signal voltage gain: The ratio of the specified output source to operate the amplifier and reference with their out-
voltage swing to the change in differential input voltage re- puts unloaded and operating in the linear range.

quired to produce it.

Shunt gain: The ratio of the specified output voltage swing
to the change in differential input voltage required to produce
it with the output tied to the V* terminal of the IC. The load
and power source are connected between the V* and V™ ter-
minals, and input common-mode is referred to the V~ termi-
nal.

Common-mode rejection: The ratio of the input voltage
range to the change in offset voltage between the extremes.
Supply-voltage rejection: The ratio of the specified
supply-voltage change to the change in offset voltage be-
tween the extremes.

Line regulation: The average change in reference output
voltage over the specified supply voltage range.
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LM13700

&National Semiconductor

LM13700

Dual Operational Transconductance Amplifiers with

Linearizing Diodes and Buffers

General Description

The LM13700 series consists of two current controlled
transconductance amplifiers, each with differential inputs
and a push-pull output. The two amplifiers share common
supplies but otherwise operate independently. Linearizing di-
odes are provided at the inputs to reduce distortion and allow . .
higher input levels. The result is a 10 dB signal-to-noise im- ~ Applications
provement referenced to 0.5 percent THD. High impedance @ Gurrent-controlled amplifiers
buffers are provided yvh|ch are espec|a.II.y designed to g Current-controlled impedances
complement the dynamic range of the amplifiers. The output  Current-controlied filters
buffers of the LM13700 differ from those of the LM13600 in X
that their input bias currents (and hence their output DC lev- ™ Curr.ent-controlled,0scn||ators
els) are independent of 1,gc. This may result in performance ™ Mulltiplexers
superior to that of the LM13600 in audio applications. = Timers

m Sample-and-hold circuits

Excellent g, linearity

High impedance buffers

[ ]
[]

m Linearizing diodes

]

m High output signal-to-noise ratio

Features
B g, adjustable over 6 decades

Excellent matching between amplifiers

Connection Diagram

Dual-In-Line and Small Outline Packages

AMP
BIAS DIODE  INPUT  INPUT BUFFER BUFFER
INPUT  BIAS +) -) oUTPUT vt INPUT  QUTPUT
16 15 14 13 12 " 10 9
+
+
1 2 3 4 5 ]s 7 8
AMP DIODE  INPUT  INPUT  OUTPUT V- BUFFER BUFFER
BIAS BIAS +) (=) INPUT  OUTPUT
INPUT

DS007981-2
Top View

Order Number LM13700M, LM13700MX or LM13700N
See NS Package Number M16A or N16A
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (Note 2)

Operating Temperature Range
LM13700N

DC Input Voltage

Storage Temperature Range

Soldering Information
Dual-In-Line Package

0°C to +70°C
+Vg to -Vg
-65°C to +150°C

Soldering (10 sec.)
Small Outline Package

Vapor Phase (60 sec.)

Infrared (15 sec.)

260°C

215°C
220°C

LM13700 36 Vpc Or £18V
Power Dissipation (Note 3) T, = 25°C

LM13700N 570 mW
Differential Input Voltage +5V
Diode Bias Current (Ip) 2mA
Amplifier Bias Current (Iagc) 2mA
Output Short Circuit Duration Continuous
Buffer Output Current (Note 4) 20 mA

Electrical Characteristics (note 5)

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Parameter Conditions - LM13700 Units
Min Typ Max
Input Offset Voltage (Vos) 0.4 4
Over Specified Temperature Range mV
lasc = 5 PA 0.3 4
Vos Including Diodes Diode Bias Current (Ip) = 500 pA 0.5 5 mV
Input Offset Change 5 PA < lpgc < 500 pA 0.1 3 mV
Input Offset Current 0.1 0.6 pA
Input Bias Current Over Specified Temperature Range 0.4 5 pA
1 8
Forward 6700 9600 13000 umho
Transconductance (g,,) Over Specified Temperature Range 5400
Om Tracking 0.3 dB
Peak Output Current RL =0, lagc = 5 pA 5
R =0, Iagc = 500 pA 350 500 650 pA
R_ = 0, Over Specified Temp Range 300
Peak Output Voltage
Positive RL = %, 5 YA < lagc < 500 pA +12 +14.2 Vv
Negative R =, 5 YA < lppc < 500 pA -12 -14.4 \"
Supply Current Iasc = 500 pA, Both Channels 2.6 mA
Vos Sensitivity
Positive AVog/AV* 20 150 uvNV
Negative AVog/AV™ 20 150 uviv
CMRR 80 110 dB
Common Mode Range *12 +13.5 \
Crosstalk Referred to Input (Note 6) 100 dB
20 Hz < f < 20 kHz
Differential Input Current lagc = 0, Input = £4V 0.02 100 nA
Leakage Current lasc = 0 (Refer to Test Circuit) 0.2 100 nA
Input Resistance 10 26 kQ
Open Loop Bandwidth 2 MHz
Slew Rate Unity Gain Compensated 50 V/us
Buffer input Current (Note 6) 0.5 2 HA
Peak Buffer Output Voltage (Note 6) 10 Vv

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is

functional, but do not guarantee specific performance limits.
Note 2: For selections to a supply voltage above +22V, contact factory.
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LM13700

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance,
junction to ambient, as follows: LM13700N, 90°C/W; LM13700M, 110°C/W.

Note 4: Buffer output current should be limited so as to not exceed package dissipation.

Note 5: These specifications apply for Vg = £15V, Ty = 25°C, amplifier bias current (Iagc) = 500 pA, pins 2 and 15 open unless otherwise specified. The inputs to
the buffers are grounded and outputs are open.

Note 6: These specifications apply for Vg = £15V, Ipgc = 500 pA, Royt = 5 kQ connected from the buffer output to -Vg and the input of the buffer is connected
to the transconductance amplifier output.

Schematic Diagram

One Operational Transconductance Amplifier

vt
n
w04 w06
a8 q i P BUFFER
INPUT
7,10
4 a7 - an 012
013 BurFER
I OUTPUT B9
DIODE BIAS
2,15
03 L oOUTPUT
—INPUT +INPUT S
413 314
AMP BIAS
INPUT ) ':un
1,16
ag
yos
v
o +
DS007981-1
Typical Application
Ve
Vo
",:"A“m
(R+Rp)27C
DS007981-18

Voltage Controlled Low-Pass Filter
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National Semiconductor

LM101A/LM201A/LM301A
Operational Amplifiers

General Description

The LM101A series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. Advanced processing techniques
make possible an order of magnitude reduction in input cur-
rents, and a redesign of the biasing circuitry reduces the
temperature drift of input current. Improved specifications in-
clude:

3

Offset voltage 3 mV maximum over temperature
(LM101A/LM201A)

Input current 100 nA maximum over temperature
(LM101A/LM201A)

Offset current 20 nA maximum over temperature
(LM101A/LM201A)

Guaranteed drift characteristics

Offsets guaranteed over entire common mode and sup-
ply voltage ranges

Slew rate of 10V/us as a summing amplifier

This amplifier offers many features which make its appli-
cation nearly foolproof: overload protection on the input

and output, no latch-up when the common mode range is
exceeded, and freedom from oscillations and compensa-
tion with a single 30 pF capacitor. It has advantages over
internally compensated amplifiers in that the frequency
compensation can be tailored to the particular applica-
tion. For example, in low frequency circuits it can be over-
compensated for increased stability margin. Or the com-
pensation can be optimized to give more than a factor of
ten improvement in high frequency performance for most
applications.

In addition, the device provides better accuracy and lower
noise in high impedance circuitry. The low input currents
also make it particularly well suited for long interval inte-
grators or timers, sample and hold circuits and low fre-
quency waveform generators. Further, replacing circuits
where matched transistor pairs buffer the inputs of con-
ventional IC op amps, it can give lower offset voltage and
a drift at a lower cost.

The LM101A is guaranteed over a temperature range of
-55°C to +125°C, the LM201A from —-25°C to +85°C, and
the LM301A from 0°C to +70°C.

Fast AC/DC Converter (ote 1)

Note 1: Feedforward compensation can be used to make a fast full wave rectifier without a filter.

c2
10 uF

INPUT

= c3*
30 pF

OuTPUT

DS007752-33
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LM101A/LM201 A/LM301A

Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage
Differential Input Voltage
Input Voltage (Note 3)

Output Short Circuit Duration (Note 4)

Operating Ambient Temp. Range

T, Max
H-Package
N-Package
J-Package

Power Dissipation at T, = 25°C

H-Package (Still Air)
(400 LF/Min Air Flow)

N-Package

J-Package

Thermal Resistance (Typical) 6,5

H-Package (Still Air)
(400 LF/Min Air Flow)
N Package
J-Package
(Typical) 6,c
H-Package
Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

LM101A/LM201A

+22V

+30V

+15V
Continuous
-55°C to +125°C (LM101A)
—25°C to +85°C (LM201A)

150°C
150°C
150°C

500 mW
1200 mW
900 mW
1000 mW

165°C/W

67°C/W
135°C/W
110°C/W

25°C/W

-65°C to +150°C

LM301A
+18V
+30V
+15V

Continuous
0°C to +70°C

100°C
100°C
100°C

300 mW
700 mwW
500 mW
650 mW

165°C/W
67°C/W
135°C/W
110°CmW

25°C/W
-65°C to +150°C

Metal Can or Ceramic 300°C 300°C
Plastic 260°C 260°C
ESD Tolerance (Note 7) 2000V 2000V
Electrical Characteristics (note 5)
Ta=T,
Parameter Conditions LM101A/LM201A LM301A Units
Min Typ |[Max |Min Typ |Max
Input Offset Voltage Ta = 25°C, Rg < 50 kQ 0.7 2.0 2.0 75 mv
Input Offset Current Ta=25C 1.5 10 3.0 50 nA
Input Bias Current Ta=25C 30 75 70 250 nA
Input Resistance Ta=25C 15 4.0 0.5 2.0 MQ
Supply Current Ta=25C Vg = £20V 1.8 3.0 mA
Vg = £15V 18 [ 30| mA
Large Signal Voltage Gain Ta=25°C, Vg = £15V 50 160 25 160 V/mV
Vour = £10V, R_ 22 kQ
Input Offset Voltage Rs < 50 kQ 3.0 10 mV
Average Temperature Coefficient | Rg < 50 kQ 3.0 15 6.0 30 uvr-c
of Input Offset Voltage
Input Offset Current 20 70 nA
Average Temperature Coefficient | 25°C < Tp < Tyax 0.01 0.1 0.01 0.3 | nA'C
of Input Offset Current Tuin < Ta<25°C 0.02 0.2 0.02 0.6 | nA’C
Input Bias Current 0.1 0.3 A
Supply Current Ta = Tmaxs Vs = 220V 1.2 25 mA
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Electrical Characteristics (Note 5) (Continued)

Ta=T,
Parameter Conditions LM101A/LM201A LM301A Units
Min Typ |Max |Min Typ |Max
Large Signal Voltage Gain Vg = £15V, Voyr = £10V 25 15 V/imV
R, 2 2k

Output Voltage Swing Vg = £15V R .=10kQ |[x12 +14 +12 +14 \Y

R =2kQ +10 +13 +10 +13 Vv

Input Voltage Range Vg = £20V +15 \

Vg = =15V +15, +12 +15, \

-13 -13
Common-Mode Rejection Ratio Rs < 50 kQ 80 96 70 90 dB
Supply Voltage Rejection Ratio Rs <50 kQ 80 96 70 96 dB

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.Operating ratings indicate for which the device is functional, but
do no guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guarantee spe-
cific limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is given, however, the typical
value is a good indication of device performance.

Note 3: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101A/LM201A, and 70°C and 55°C respectively
for LM301A.

Note 5: Unless otherwise specified, these specifications apply for C1 = 30 pF, £5V < Vg < +20V and -55°C < Tp < +125°C (LM101A), £5V < Vg < +20V and -25°C
< Tp < +85°C (LM201A), £5V < Vg < 15V and 0°C < Tp < +70°C (LM301A).

Note 6: Refer to RETS101AX for LM101A military specifications and RETS101X for LM101 military specifications.

Note 7: Human body model, 100 pF discharged through 1.5 kQ.
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LM118/LM218/LM318

ﬂNational Semiconductor

LM118/LM218/LM318
Operational Amplifiers

General Description

The LM118 series are precision high speed operational am-
plifiers designed for applications requiring wide bandwidth
and high slew rate. They feature a factor of ten increase in
speed over general purpose devices without sacrificing DC
performance. ‘ :

The LM118 series has internal unity gain frequency compen-
sation. This considerably simplifies its application since no
external components are necessary for operation. However,
unlike most internally compensated amplifiers, external fre-
quency compensation may be added for optimum perfor-
mance. For inverting applications, feedforward compensa-
tion will boost the slew rate to over 150V/us and almost
double the bandwidth. Overcompensation can be used with
the amplifier for greater stability when maximum bandwidth
is not needed. Further, a single capacitor can be added to re-
duce the 0.1% settling time to under 1 ps.

The high speed and fast settling time of these op amps make
them useful in A/D converters, oscillators, active filters,

sample and hold circuits, or general purpose amplifiers.
These devices are easy to apply and offer an order of mag-
nitude better AC performance than industry standards such
as the LM709.

The LM218 is identical to the LM118 except that the LM218
has its performance specified over a —25°C to +85°C tem-
perature range. The LM318 is specified from 0°C to +70°C.

Features
m 15 MHz small signal bandwidth
m Guaranteed 50V/ps slew rate

M Maximum bias current of 250 nA

m Operates from supplies of £5V to £20V

u Internal frequency compensation

= |nput and output overload protected

m Pin compatible with general purpose op amps

Fast Voltage Follower

(Note 1)
5pF
R1
10K
OUTPUT
10K
INPUT 3
DS007766-13
Note 1: Do not hard-wire as voltage follower (R1 > 5 kQ)
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Absolute Maximum Ratings (Note 7)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Lead Temperature (Soldering, 10 sec.)

Supply Voltage
Power Dissipation (Note 2)

Differential Input Current (Note 3)

Input Voltage (Note 4)
Output Short-Circuit Duration

Operating Temperature Range

+20V

500 mW
+10 mA
+*15V
Continuous

Hermetic Package 300°C
Plastic Package 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

LM118 -65°C to +125°C surface mount devices.
LM218 -25°C to +85°C ESD Tolerance (Note 8) 2000V
LM318 0°C to +70°C
Storage Temperature Range —65°C to +150°C
Electrical Characteristics (Note 5)
Parameter Conditions LM118/LM218 LM318 Units
Min Typ | Max Min Typ | Max
Input Offset Voltage Ta=25C 2 4 4 10 mV
Input Offset Current Ta=25C 6 50 30 200 nA
Input Bias Current Ta=25C 120 | 250 150 | 500 nA
Input Resistance Ta=25C 1 0.5 3 MQ
Supply Current Ta=25C 5 8 5 10 mA
Large Signal Voltage Gain Ta =25°C, Vg = £15V 50 200 25 200 V/imV
Vour = £10V, R_ > 2 kQ
Slew Rate Ta=25C, Vg = 215V, Ay = 1 50 70 50 70 V/us
(Note 6)
Small Signal Bandwidth Ta=25°C, Vg = £15V 15 15 MHz
Input Offset Voltage 6 15 mV
Input Offset Current 100 300 nA
Input Bias Current 500 750 nA
Supply Current Ta=125C 45 7 mA
Large Signal Voltage Gain Vg = £15V, Vgt = £10V 25 20 V/mV
R.>2kQ
Output Voltage Swing Vg = £15V, R = 2 kQ +12 +13 +12 +13 \
Input Voltage Range Vg = £15V +11.5 +*11.5 \%
Common-Mode Rejection Ratio 80 100 70 100 dB
Supply Voltage Rejection Ratio 70 80 65 80 dB

Note 2: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated temperatures, devices
in the HO8 package must be derated based on a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the

dual-in-line package is 100°C/W, junction to ambient.

Note 3: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in excess of

1V is applied between the inputs unless some limiting resistance is used.

Note 4: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 5: These specifications apply for £5V < Vg < +20V and -55°C < Tp < +125°C (LM118), —-25°C < Tp < +85°C (LM218), and 0°C < Tp < +70°C (LM318). Also,

power supplies must be bypassed with 0.1 pF disc capacitors.

Note 6: Slew rate is tested with Vg = £15V. The LM118 is in a unity-gain non-inverting configuration. Vy is stepped from —7.5V to +7.5V and vice versa. The slew
rates between -5.0V and +5.0V and vice versa are tested and guaranteed to exceed 50V/ps.

Note 7: Refer to RETS118X for LM118H and LM118J military specifications.
Note 8: Human body model, 1.5 kKQ in series with 100 pF.
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LM12CL

NNational Semiconductor

LM12CL
80W Operational Amplifier

General Description

The LM12 is a power op amp capable of driving 25V at
+10A while operating from £30V supplies. The monolithic IC
can deliver 80W of sine wave power into a 4Q load with
0.01% distortion. Power bandwidth is 60 kHz. Further, a
peak dissipation capability of 800W allows it to handle reac-
tive loads such as transducers, actuators or small motors
without derating. Important features include:

* input protection

e controlled turn on

e thermal limiting

¢ overvoltage shutdown

¢ output-current limiting

¢ dynamic safe-area protection

The IC delivers +£10A output current at any output voltage
yet is completely protected against overloads, including
shorts to the supplies. The dynamic safe-area protection is
provided by instantaneous peak-temperature limiting within
the power transistor array.

The turn-on characteristics are controlled by keeping the
output open-circuited until the total supply voltage reaches
14V. The output is also opened as the case temperature ex-

ceeds 150°C or as the supply voltage approaches the
BV¢eo Of the output transistors. The IC withstands overvolt-
ages to 80V.

This monolithic op amp is compensated for unity-gain feed-
back, with a small-signal bandwidth of 700 kHz. Slew rate is
9V/ps, even as a follower. Distortion and capacitive-load sta-
bility rival that of the best designs using complementary out-
put transistors. Further, the IC withstands large differential
input voltages and is - well behaved should the
common-mode range be exceeded.

The LM12 establishes that monolithic ICs can deliver consid-
erable output power without resorting to complex switching
schemes. Devices can be paralleled or bridged for even
greater output capability. Applications include operational
power supplies, high-voltage regulators, high-quality audio
amplifiers, tape-head positioners, x-y plotters or other
servo-control systems.

The LM12 is supplied in a four-lead, TO-3 package with V-
on the case. A gold-eutectic die-attach to a molybdenum in-
terface is used to avoid thermal fatigue problems. The LM12
is specified for either military or commercial temperature
range.

Connection Diagram

ouT =IN
(o) (@)
O O
vt O +IN
V~(CASE)
DS008704-1
4-pin glass epoxy TO-3
socket is available from

AUGAT INC.
Part number 8112-AG7
Bottom View
Order Number LM12CLK
See NS Package Number K04A

Typical Application*

1.5n
3.3k Ap
A'A'Av OUT
1k 4 2.2
< LM12
IN r//
s 3930/4 MR752
k< I :1—0
common 39004] |MR752
ground e
point~ L I
= veovt

DS008704-2

*Low distortion (0.01%) audio amplifier
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Absolute Maximum Ratings (note 1)
If Military/Aerospace specified devices are required,

Storage Temperature Range

Lead Temperature

-65°C to 150°C

please contact the National Semiconductor Sales Office/ (Soldering, 10 seconds) 300°C
Distributors for availability and specifications. . .
Total Supply Voltage (Note 1) 80V oPeratlng Ratlngs
Input Voltage (Note 2) Total Supply Voltage 15V to 60V
Output Current Internally Limited Case Temperature (Note 4) 0°C to 70°C
Junction Temperature (Note 3)
Electrical Characteristics (ote 4)
Parameter Conditions Typ LM12CL Units
25°C Limits
Input Offset Voltage +10V £ Vg £ £0.5 Vjyax, Vem = 0 2 15/20 mV (max)
Input Bias Current V- + 4V < Vg < V+ -2V 0.15 0.71.0 HA (max)
Input Offset Current V- +4V < Vg € V+ =2V 0.03 0.2/0.3 PA (max)
Common Mode V- 44V < Vg < V+ =2V 86 70/65 dB (min)
Rejection
Power Supply V+ = 0.5 Vpyaxs 90 70/65 dB (min)
Rejection -6V 2 V-2 -0.5 Vyax
V- = 0.5 Vyax, 110 75/70 dB (min)
6V < V+ < 0.5 Vyax
Output Saturation ton = 1 ms,
Threshold AV =5 (10) mV,
lour = 1A 1.8 2.2/2.5 V (max)
8A 4 5/7 V (max)
10A 5 V (max)
Large Signal Voltage ton =2 ms,
Gain Vgar =2V, loyr =0 100 30/20 V/mV (min)
Vgar = 8V, R_ = 4Q 50 15/10 V/mV (min)
Thermal Gradient Ppiss = 50W, toy = 65 ms 30 100 uV/W (max)
Feedback
Output-Current Limit ton = 10 ms, Vg5 = 10V 13 16 A (max)
ton = 100 ms, Vpigs = 58V 1.5 0.9/0.6 A (min)
15 1.7 A (max)
Power Dissipation ton = 100 ms, Vg5 = 20V 100 80/55 W (min)
Rating Vpiss = 58V 80 52/35 W (min)
DC Thermal Resistance (Note 5) Vpgs = 20V 2.3 2.9 ‘C/W (max)
Voiss = 58V 2.7 45 °C/W (max)
AC Thermal Resistance (Note 5) 1.6 21 ‘C/W (max)
Supply Current Vour =0, lour =0 60 120/140 mA (max)

Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. The maximum voltage for which the LM12 is guaranteed to operate
is given in the operating ratings and in Note 4. With inductive loads or output shorts, other restrictions described in applications section apply.

Note 2: Neither input should exceed the supply voltage by more than 50 volts nor should the voltage between one input and any other terminal exceed 60 volts.
Note 3: Operating junction temperature is internally limited near 225°C within the power transistor and 160°C for the control circuitry.

Note 4: The supply voltage is £30V (Vimax = 60V), unless otherwise specified. The voltage across the conducting output transistor (supply to output) is Vpjgs and
internal power dissipation is Ppjgs. Temperature range is 0°C < T¢ < 70°C where Tg is the case temperature. Standard typeface indicates limits at 25°C while bold-
face type refers to limits or special conditions over full temperature range. With no heat sink, the package will heat at a rate of 35°C/sec per 100W of internal

dissipation.

Note 5: This thermal resistance is based upon a peak temperature of 200°C in the center of the power transistor and a case temperature of 25°C measured at the
center of the package bottom. The maximum junction temperature of the control circuitry can be estimated based upon a dc thermal resistance of 0.9°C/W or an ac

thermal resistance of 0.6°C/W for any operating voltage.

Although the output and supply leads are resistant to electrostatic discharges from handling, the input leads are not.

The part should be treated accordingly.
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LM124/LM224/LM324/LM2902

NNational Semiconductor

LM124/LM224/L.M324/LM2902

Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage. .
Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly oper-
ated off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional =15V
power supplies.

Unique Characteristics

m |n the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage

m The unity gain cross frequency is temperature
compensated

® The input bias current is also temperature compensated

Advantages

m Eliminates need for dual supplies

m Four internally compensated op amps in a single
package

m Allows directly sensing near GND and Vgt also goes
to GND

= Compatible with all forms of logic

m Power drain suitable for battery operation

Features
m Internally frequency compensated for unity gain
® Large DC voltage gain 100 dB
m Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
m Wide power supply range:
Single supply 3V to 32V
or dual supplies +1.5V to £16V
= Very low supply current drain (700 pA) —essentially
independent of supply voltage
= Low input biasing current 45 nA
(temperature compensated)
m Low input offset voltage 2 mV
and offset current: 5 nA
m Input common-mode voltage range includes ground
m Differential input voltage range equal to the power
supply voltage
m Large output voltage swing 0V to V* - 1.5V

Connection Diagram

Dual-In-Line Package

OUTPUT4 INPUT 4 INPUT 4%

14 13 12

INPUT3* INPUT 3= OUTPUT3

1" 10 9 8

<
D

1 2 3

OUTPUT 1 INPUT 1™ INPUT1*

5 6 7

INPUT2* INPUT 2™  OUTPUT 2
DS009299-1

Top View
Order Number LM124J, LM124AJ, LM124J/883 (Note 2), LM124AJ/883 (Note 1), LM224J,
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJRQMLV(Note 3)
See NS Package Number J14A, M14A or N14A

Note 1: LM124A available per JM38510/11006
Note 2: LM124 available per JM38510/11005
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Connection Diagram (continued)

Note 3: See STD Mil DWG 5962R99504 for Radiation Tolerant Device

OUTPUT 1 :‘Z . ﬁ:l OUTPUT 4
INPUT 1- C——} ‘2:1 INPUT 4~
INPUT 1+ l_: ‘_:I INPUT 4+
v/ LMi12aW | —w0
INPUT 2+ |:: “Z:‘l INPUT 3+
INPUT 2~ 1:7. I’B:l INPUT 3-
(LT N m— —Joutpurs

DS009299-33

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Note 3)
See NS Package Number W14B
LM124AWGRQML and LM124AWGRQMLV(Note 3)
See NS Package Number WG14A

Schematic Diagram (each Ampiifie)

INPUTS

DS009299-2
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LM124/LM224/LM324/LM2902

Absolute Maximum Ratings (vote 12)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage, V*
Differential Input Voltage
Input Voltage
Input Current
(Vin < -0.3V) (Note 6)
Power Dissipation (Note 4)
Molded DIP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND
(One Amplifier) (Note 5)
V*<15Vand T, = 25°C
Operating Temperature Range
LM324/LM324A
LM224/LM224A
LM124/LM124A
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

LM124/LM224/L.M324
LM124A/LM224A/LM324A

32v
32v
-0.3V to +32V

50 mA

1130 mW
1260 mW
800 mW

Continuous

0°C to +70°C
-25°C to +85°C
-55°C to +125°C
~65°C to +150°C
260°C

260°C

215°C
220°C

LM2902
26V
26V
-0.3V to +26V
50 mA
1130 mW

1260 mW
800 mW

Continuous
-40°C to +85°C

-65°C to +150°C

260°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

devices.
ESD Tolerance (Note 13) 250V 250V
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
LM124A LM224A LM324A
Parameter Conditions - - Units
Min Typ Max [Min Typ Max |Min Typ Max
Input Offset Voltage (Note 8) Tp = 25°C 1 2 1 3 2 3 mV
Input Bias Current Iingsy OF hine), Vom = 0V, 20 50 0 80 5 100 A
(Note 9) Ta=25C
Input Offset Current Iings O Iineys Vom = 0V, 2 10 2 15 5 30 nA
Ta=25C
Input Common-Mode V* = 30V, (LM2902, V* = 26V), 0 V*-1.5 0 V*-15 0 V*-1.5 \
Voltage Range (Note 10) Ta=25C
Supply Current Over Full Temperature Range
R = = On All Op Amps mA
V* = 30V (LM2902 V* = 26V) 15 3 15 3 1.5 3
V=5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V* = 15V, R > 2kQ, 50 100 50 100 25 100 V/mv
Voltage Gain (Vo=1V1to 11V), To =25°C
Common-Mode DC, Vg = OV to V* - 1.5V, 70 85 70 85 65 85 dB
Rejection Ratio Ta=25C

www.national.com
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Electrical Characteristics (continueq)
V* = +5.0V, (Note 7), unless otherwise stated
LM124A LM224A LM324A
Parameter Conditions Units
Min Typ Max [Min Typ Max (Min Typ Max
Power Supply V* = 5V to 30V
Rejection Ratio (LM2902, V* = 5V to 26V), 65 100 65 100 65 100 dB
Ta=25C
Amplifier-to-Amplifier f=1kHz to 20 kHz, T = 25°C -120 -120 -120 dB
Coupling (Note 11) (Input Referred)
Output Current Source | V' =1V, Vi~ =0V, 20 40 20 40 20 40
V* =15V, Vg = 2V, T = 25°C mA
Sink Vi~ = 1V, V' = 0V, 10 20 10 20 10 20
V* =15V, Vg = 2V, Tp = 25°C
Vi =1V, V" = 0V, 12 50 12 50 12 50 VA
V* =15V, Vo = 200 mV, Tp = 25°C
Short Circuit to Ground (Note 5) V* = 15V, Tp = 25°C 40 60 40 60 40 60 mA
Input Offset Voltage (Note 8) 4 4 5 mV
Vs Drift Rs = 0Q 7 20 7 20 7 30 [pvrC
Input Offset Current Iin = Ny Vom = OV 30 30 75 nA
log Drift Rg = 0Q 10 200 10 200 10 300 |pArC
Input Bias Current Iing) oF Ny 40 100 40 100 40 200 nA
Input Common-Mode V* = +30V 0 vt-2 | 0 V-2 0 V-2 \Y
Voltage Range (Note 10) (LM2902, V* = 26V)
Large Signal V* = +15V (VoSwing = 1V to 11V)
Voltage Gain RL =22 kQ 25 25 15 V/imV
Output Voltage Vou V* = 30V RL=2kQ 26 26 26 \
Swing (LM2902, V* = 26V) RL = 10 kQ 27 28 27 28 27 28
VoL V* =5V, R_ = 10 kQ 5 20 5 20 5 20 mv
Output Current Source | Vg =2V Vit = +1V, 10 20 10 20 10 20
VI mA
Sink Vi = +1V, 10 15 5 8 5 8
Viasy
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
LM124/LM224 LM324 LM2902
Parameter Conditions - - - Units
Min Typ Max [Min Typ Max (Min Typ Max
Input Offset Voltage (Note 8) T = 25°C 2 5 2 7 2 7 mV
Input Bias Current ling) Or ingy, Vem = 0V, 45 150 5 250 5 250 A
(Note 9) Ta=25C
Input Offset Current ling) OF ingys Vem = 0V, 3 30 5 50 5 50 nA
Ta=25C
Input Common-Mode V* = 30V, (LM2902, V* = 26V), 0 V*-1.5 0 V*-1.5 0 V*-1.5 \"
Voltage Range (Note 10) Ta=25C
Supply Current Over Full Temperature Range
RL = = On All Op Amps mA
V* = 30V (LM2902 V* = 26V) 15 3 15 3 15 3
V* =5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V* =15V, R 2 2kQ, 50 100 25 100 25 100 V/mV
Voltage Gain (Vo =1V 10 11V), T = 25°C
Common-Mode DC, Vgm = OV to V¥ - 1.5V, 70 85 65 85 50 70 dB
Rejection Ratio Tao=25C
Power Supply V* = 5V to 30V
Rejection Ratio (LM2902, V* = 5V to 26V), 65 100 65 100 50 100 dB
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LM124/LM224/LM324/LM2902

Electrical Characteristics (continued)

V* = +5.0V, (Note 7), unless otherwise stated

LM124/LM224 LM324 LM2902
Parameter Conditions - " Units
IMin Typ Max |[Min Typ Max [Min Typ Max
Ta=25C
Amplifier-to-Amplifier f =1kHz to 20 kHz, T, = 25°C -120 -120 . -120 dB
Coupling (Note 11) (Input Referred)
Output Current Source | V' =1V, V™ =0V, 20 40 20 40 20 40
VY =15V, Vg =2V, Ta = 25°C mA"
Sink VN~ =1V, Vit = 0V, 10 20 10 20 10 20
V* =15V, Vg = 2V, Tp = 25°C
Vin™ =1V, Vit = 0V, 12 50 12 50 12 50 uA
V* = 15V, Vg = 200 mV, Ty = 25°C
Short Circuit to Ground (Note 5) V* = 15V, Tp = 25°C 40 60 40 60 40 60 mA
Input Offset Voltage (Note 8) 7 9 10 mV
Vs Drift Rs = 0Q 7 7 7 uvrrc
Input Offset Current Iing) = Ny, Vom = 0V 100 150 45 200 nA
log Drift Rs = 0Q 10 10 10 pA/’C
Input Bias Current ling) O Iing) 40 300 40 500 40 500 nA
Input Common-Mode V* = +30V 0 V-2 0 V-2 0 vi-2 \
Voltage Range (Note 10) (LM2902, V* = 26V)
Large Signal V* = +15V (VoSwing = 1V to 11V)
Voltage Gain RL22kQ 25 15 15 V/mV
Output Voltage Vou V* = 30V RL=2kQ 26 26 22 \
Swing (LM2902, V* = 26V) R = 10 kQ 27 28 27 28 23 24
Voo V* =5V, R_ =10 kQ 5 20 5 20 5 100 mv
Output Current Source | Vg =2V Vit = +1V, 10 20 10 20 10 20
B
Sink ViN™ = +1V, 5 8 5 8 5 8
Va8

Note 4: For operating at high temperatures, the LM324/LM324A/LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resis-
tance of 88°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be de-
rated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers — use external resistors, where possible, to allow the am-
plifier to saturate of to reduce the power which is dissipated in the integrated circuit.

Note 5: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 6: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the
IC chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration that
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value
greater than -0.3V (at 25°C).

Note 7: These specifications are limited to -55°C < Tp < +125°C for the LM124/LM124A. With the LM224/LM224A, all temperature specifications are limited to -25°C
< Tp < +85°C, the LM324/LM324A temperature specifications are limited to 0°C < T < +70°C, and the LM2902 specifications are limited to -40°C < Tp < +85°C.

Note 8: Vg = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V* - 1.5V) for LM2902, V* from 5V to 26V.

Note 9: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the input lines.

Note 10: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* — 1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2902), independent of the magnitude of
\A8 .
Note 11: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 12: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications.

Note 13: Human body model, 1.5 kQ in series with 100 pF.
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NNational Semiconductor

LM1458/LM1558
Dual Operational Amplifier

General Description

The LM1458 and the LM1558 are general purpose dual op-
erational amplifiers. The two amplifiers share a common bias
network and power supply leads. Otherwise, their operation
is completely independent.

The LM1458 is identical to the LM1558 except that the
LM1458 has its specifications guaranteed over the tempera-

Features
m No frequency compensation required
m Short-circuit protection

Low-power consumption
8-lead can and 8-lead mini DIP

Wide common-mode and differential voltage ranges

No latch up when input common mode range is

ture range from 0°C to +70°C instead of -55°C to +125°C. exceeded
Connection Diagrams )
Dual-In-Line Package
Metal Can Package . "
OUTPUT A — b— v+

outeut A (1)

INVERTING
INPUT A

INVERTING
INPUT B

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

DS007886-2

Top View
Order Number LM1558H,
LM1558H/883 or LM1458H
See NS Package Number HO8C

2
INVERTING INPUT A =

NON-INVERTING __3

INPUT A

5

7
= QUTPUT B

6
’— INVERTING INPUT B

Top View

Order Number LM1558J/883, LM1458M,

LM1458MX or LM1458N

See NS Package Number JOSA, MOSA or NOSE

NON-INVERTING
INPUT B

DS007886-3
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LM1458/LM1558

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Operating Temperature Range
LM1558
LM1458

-55°C to +125°C
0°Cto +70°C

Distributors for availability and specifications. Storage Temperature Range —65Cto +15°:C
(Note 5) Lead 'I:emperature.(Soldermg, 10 sec.) 260°C
Soldering Information
Supply Voltage Dual-In-Line Package ‘
LM1558 22V Soldering (10 seconds) 260°C
LM1458 18V Small Outline Package
Power Dissipation (Note 2) Vapor Phase (60 seconds) 215°C
LM1558H/LM1458H 500 mW Infrared (15 seconds) 220°C
LM1458N 400 mW See AN-450 “Surface Mounting Methods and Their Effect
Differential Input Voltage +30V on Product Reliability” for other methods of soldering
Input Voltage (Note 3) +15V suriace mount devices.
Output Short-Circuit Duration Continuous ESD tolerance (Note 6) 300V
Electrical Characteristics (Note 4)
Parameter Conditions LM1558 LM1458 Units
Min Typ Max Min Typ Max
Input Offset Voltage Ta =25°C, Rg <10 kQ 1.0 5.0 1.0 6.0 mV
Input Offset Current Ta=25C 80 200 80 200 nA
Input Bias Current Ta=25C 200 500 200 500 nA
Input Resistance Ta=25C 0.3 1.0 0.3 1.0 MQ
Supply Current Both Ta = 25°C, Vg = £15V 3.0 5.0 3.0 5.6 mA
Amplifiers
Large Signal Voltage Gain Ta = 25°C, Vg = £15V 50 160 20 160 V/mV
Vout = £10V, R_ 22 kQ
Input Offset Voltage Rg <10 kQ 6.0 7.5 mV
Input Offset Current 500 300 nA
Input Bias Current 1.5 0.8 HA
Large Signal Voltage Gain Vg = 215V, Vour = £10V 25 15 V/imV
R, > kQ
Output Voltage Swing Vg = #15V, R_ = 10 kQ +12 +14 +12 +14 \
R, =2kQ +10 +13 *10 +13 \'
Input Voltage Range Vg = £15V +12 *12 Vv
Common Mode Rs <10 kQ 70 90 70 90 dB
Rejection Ratio
Supply Voltage Rs <10 kQ 77 96 77 96 dB
Rejection Ratio

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is

functional, but do not guarantee specific performance limits.

Note 2: The maximum junction temperature of the LM1558 is 150°C, while that of the LM1458 is 100°C. For operating at elevated temperatures, devices in the HO8
package must be derated based on a thermal resistance of 150°C/W, junction to ambient or 20°C/W, junction to case. For the DIP the device must be derated based

on a thermal resistance of 187°C/W, junction to ambient.

Note 3: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.
Note 4: These specifications apply for Vg = £15V and —-55°C < T < 125°C, unless otherwise specified. With the LM1458, however, all specifications are limited to

0°C<Tp<70°C and Vg = +15V.

Note 5: Refer to RETS 1558V for LM1558J and LM1558H military specifications.

Note 6: Human body model, 1.5 kQ in series with 100 pF.
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Schematic Diagram
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Numbers in parentheses are pin numbers for amplifier B.
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LM146/LM346

&National Semiconductor

LM146/LM346

Programmable Quad Operational Amplifiers

General Description

The LM146 series of quad op amps consists of four indepen-
dent, high gain, internally compensated, low power, pro-
grammable amplifiers. Two external resistors (Rget) allow
the user to program the gain bandwidth product, siew rate,
supply current, input bias current, input offset current and in-
put noise. For example, the user can trade-off supply current
for bandwidth or optimize noise figure for a given source re-
sistance. In a similar way, other amplifier characteristics can
be tailored to the application. Except for the two program-
ming pins at the end of the package, the LM146 pin-out is
the same as the LM124 and LM148.

Features

(IseT=10 pA)

m Programmable electrical characteristics

m Battery-powered operation

Low supply current: 350 pA/amplifier
Guaranteed gain bandwidth product: 0.8 MHz min
Large DC voltage gain: 120 dB

Low noise voltage: 28 nV/JHz

Wide power supply range: +1.5V to 22V
Class AB output stage—no crossover distortion
Ideal pin out for Biquad active filters

Input bias currents are temperature compensated

Connection Diagram

Dual-In-Line Package

> <l

> @;
P—-sm

e

[ I T P A O O

DS005654-1
Top View
Order Number LM146J, LM146J/883,
LM346M,LM346MX or LM346N
See NS Package Number
J16A, M16A or N16A

PROGRAMMING EQUATIONS

Total Supply Current = 1.4 mA (Igg+/10 pA)

Gain Bandwidth Product = 1 MHz (Igg1/10 pA)

Slew Rate = 0.4V/ps (Iget/10 pA)

Input Bias Current = 50 nA (Igg1/10 pA)

IseT = Current into pin 8, pin 9 (see schematic-diagram)

vt — v~ — 06V

IseT =
RseT

Capacitorless Active Filters (Basic Circuit)

Vin

Vg =15V

DS005654-16
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Absolute Maximum Ratings (notes 1, 5)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

Differential Input Voltage (Note 1)

CM Input Voltage (Note 1)

Power Dissipation (Note 2)

Output Short-Circuit Duration (Note 3)
Operating Temperature Range

Maximum Junction Temperature

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

LM146
+22V
+30V
+15V

900 mW
Continuous
-55°C to +125°C
150°C
-65°C to +150°C
260°C

Thermal Resistance (6;4), (Note 2)

Cavity DIP (J) Pd
6;
Small Outline (M) 6;4
Molded DIP (N) Pd
8,
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

900 mwW
100°C/W

+260°C

+215°C
+220°C

LM346
+18V
+30V
+15V

500 mwW
Continuous
0°C to +70°C
100°C
-65°C to +150°C
260°C

900 mW
100°C/W
115°C/W
500 mW
90°C/W

+260°C

+215°C
+220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount de-

vices.

ESD rating is to be determined.

DC Electrical Characteristics
(Vg=£15V, Iger=10 pA), (Note 4)

Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max
Input Offset Voltage Vem=0V, Re<50Q, To=25°C 0.5 5 0.5 6 mv
Input Offset Current Vem=0V, To=25°C 2 20 2 100 nA
Input Bias Current Vem=0V, To=25°C 50 100 50 250 nA
Supply Current (4 Op Amps) Ta=25C 1.4 2.0 1.4 25 mA
Large Signal Voltage Gain R =10 kQ, AVgyr=+10V, 100 1000 50 1000 Vimv
Ta=25"C
Input CM Range Ta=25°C +13.5 +14 *13.5 +14 \
CM Rejection Ratio Rs<10 kQ, Tp=25°C 80 100 70 100 dB
Power Supply Rejection Ratio | Rg<10 kQ, T5=25"C, 80 100 74 100 dB
Vg = 5 to £15V
Output Voltage Swing R.210 kQ, Tp=25"C *12 +14 +12 +14 \
Short-Circuit Ta=25C 5 20 35 5 20 35 mA
Gain Bandwidth Product Ta=25C 0.8 1.2 0.5 1.2 MHz
Phase Margin Ta=25C 60 60 Deg
Slew Rate TaA=25°C 0.4 0.4 V/us
Input Noise Voltage f=1 kHz, To=25"C 28 28 nVv/JHz
Channel Separation R_ =10 kQ, AVoyr=0V to 120 120 dB
+12V, To=25°C
Input Resistance TA=25C 1.0 1.0 MQ
Input Capacitance TA=25°C 2.0 2.0 pF
Input Offset Voltage Vem=0V, Rg<50Q 0.5 6 0.5 7.5 mV
1-57 www.national.com
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LM146/L.M346

DC Electrical Characteristics (continued)
(Vg=%15V, Iger=10 pA), (Note 4) ‘

Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ | Max
Input Offset Current Vem=0V 2 25 2 100 nA
Input Bias Current Veu=0V 50 100 50 250 nA
Supply Current (4 Op Amps) 1.7 2.2 1.7 25 mA
Large Signal Voltage Gain R.=10 kQ, AVgyr=%10V 50 1000 25 1000 Vimv
Input CM Range +13.5 +14 +13.5 +14 \
CM Rejection Ratio Rs<50Q 70 100 70 100 dB
Power Supply Rejection Ratio | Rg<509, 76 100 74 100 dB
Vg = £5V to £15V
Output Voltage Swing R =10 kQ +12 +14 +12 +14 Vv
DC Electrical Characteristic
(Vg=£15V, Iger=10 pA)
Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max
Input Offset Voltage Veu=0V, Rg<50Q, 0.5 5 0.5 7 mV
Ta=25°C )
Input Bias Current Vem=0V, Tp=25°C 75 20 7.5 100 nA
Supply Current (4 Op Amps) Ta=25°C 140 250 140 300 HA
Gain Bandwidth Product TaA=25°C 80 100 50 100 kHz
DC Electrical Characteristics
(Vg=%1.5V, Iggr=10 pA)
Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max '
Input Offset Voltage Vem=0V, Rgs50Q, 0.5 5 0.5 7 mV
Ta=25'C
Input CM Range Ta=25C +0.7 +0.7 "
CM Rejection Ratio Rs<50Q, TA=25C 80 80 dB
Output Voltage Swing R 210 kQ, To=25°C +0.6 +0.6 v

temperature will be exceeded.

Note 1: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjyax, 8ja, and the ambient temperature,
Ta. The maximum available power dissipation at any temperature is Pg=(Tjmax - Ta)/6ja or the 25°C Pgyax, whichever is less.

Note 3: Any of the amplifier outputs can be shorted to ground'indefinitely', however, more than one should not be simultaneously shorted as the maximum junction

Note 4: These specifications apply over the absolute maximum operating temperature‘range unless otherwise noted.
Note 5: Refer to RETS146X for LM146J military specifications.
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National Semiconductor

LM148/LM248/LM348
Quad 741 Op Amps
LM149

Wide Band Decompensated (Ay qn) = 5)

General Description

The LM148 series is a true quad 741. It consists of four inde-
pendent, high gain, internally compensated, low power op-
erational amplifiers which have been designed to provide
functional characteristics identical to those of the familiar
741 operational amplifier. In addition the total supply current
for all four ampilifiers is comparable to the supply current of a
single 741 type op amp. Other features include input offset
currents and input bias current which are much less than
those of a standard 741. Also, excellent isolation between
amplifiers has been achieved by independently biasing each
amplifier and using layout techniques which minimize ther-
mal coupling. The LM149 series has the same features as
the LM148 plus a gain bandwidth product of 4 MHz at a gain
of 5 or greater.

The LM148 can be used anywhere multiple 741 or 1558 type
amplifiers are being used and in applications where amplifier
matching or high packing density is required. For lower
power refer to LF444,

Features
m 741 op amp operating characteristics
® Low supply current drain: 0.6 mA/Amplifier
m Class AB output stage—no crossover distortion
| Pin compatible with the LM124
= | ow input offset voltage: imv
m Low input offset current: 4 nA
m Low input bias current 30 nA
® Gain bandwidth product
LM148 (unity gain): 1.0 MHz
LM149 (Ay 2 5): 4 MHz
m High degree of isolation between amplifiers: 120 dB

m Overload protection for inputs and outputs

Schematic Diagram

O +Vec

p_—

25

AA
A4

@—O out

—AAA
\ 4

100k

VA

AA
A A am

* 1 pF in the LM149

O -Vee
DS007786-1
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LM148/LM149/LM248/LM348

Absolute Maximum Ratings (Note 4)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage
Differential Input Voltage

Output Short Circuit Duration (Note 1)

LM148/LM149
+22V
+44V

Power Dissipation (P4 at 25°C) and
Thermal Resistance (8;4), (Note 2)

Molded DIP (N) P,
0a

Cavity DIP (J) P,
6,

Maximum Junction Temperature (Timax)
Operating Temperature Range

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.) Ceramic

Continuous

1100 mW

1

-55°C <
-65°C

Lead Temperature (Soldering, 10 sec.) Plastic

Soldering Information
Dual-In-Line Package

Soldering (10 seconds)

Small Outline Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

0'C/wW

150°C

Ta < +125°C
to +150°C

300°C

260°C

215°C
220°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

LM248
+18V
+36V

Continuous

800 mW
110°C/W
110°C
-25°C<To<+85C
-65°C to +150°C
300°C

260°C

215°C
220°C

LM348
+18V
+36V

Continuous

750 mW
100°C/W
700 mW
10°C/W
100°C
0°C <Ta < +70°C
-65°C to +150°C
300°C
260°C

260°C

215°C
220°C

devices.
ESD tolerance (Note 5) 500V 500V 500V
Electrical Characteristics (note 3)
Parameter Conditions LM148/LM149 LM248 LM348 Units
Min [ Typ [Max [Min | Typ |Max |Min | Typ |Max
Input Offset Voltage Ta =25°C, Rg < 10 kQ 1.0 | 5.0 1.0 | 6.0 1.0 | 6.0 mv
Input Offset Current Ta=25C 4 | 25 4 | 50 4 | 50 nA
Input Bias Current Ta=25C 30 | 100 30 | 200 30 | 200 nA
Input Resistance Ta=25C 08 | 25 08| 25 08| 25 MQ
Supply Current All Amplifiers Ta=25°C, Vg = £15V 24| 36 24 | 45 24 | 45 mA
Large Signal Voltage Gain Ta=25°C, Vg = £15V 50 | 160 25 | 160 25 | 160 V/imV
Vour = =10V, R 2 2 kQ
Amplifier to Amplifier Ta =25°C, f=1Hzto 20 kHz
Coupling (Input Referred) See Crosstalk 120 120 120 dB
Test Circuit
Small Signal Bandwidth LM148 Series 1.0 1.0 1.0 MHz
Ta=25C
LM149 Series 4.0 4.0 4.0 MHz
Phase Margin LM148 Series (Ay = 1) 60 60 60 degrees
Ta=25C .
LM149 Series (A = 5) 60 60 60 degrees
Slew Rate LM148 Series (Ay = 1) 0.5 0.5 0.5 V/ps
Ta=25°C
LM149 Series (Ay = 5) 20 | 2.0 2.0 Vs
Output Short Circuit Current Ta=25C 25 25 25 mA
Input Offset Voltage Rg <10 kQ 6.0 7.5 7.5 mV
Input Offset Current 75 125 100 nA
Input Bias Current 325 500 400 nA
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Electrical Characteristics (note 3) (Continued)

Parameter Conditions LM148/LM149 LM248 LM348 Units
Min | Typ [Max |Min | Typ |Max |Min | Typ |Max

Input Offset Voltage Ta =25°C, Rg < 10 kQ 1.0 | 5.0 1.0 | 6.0 1.0 | 6.0 mv

Large Signal Voltage Gain Vg = £15V, Voyr = =10V, 25 15 15 V/mV
R. > 2kQ

Output Voltage Swing Vg = 215V, R = 10 kQ +12 [£13 +12 | £13 +12 | £13 Vv
R.=2kQ +10 | £12 +10 |£12 +10 |£12 Vv

Input Voltage Range Vg = £15V +12 +12 +12 Vv

Common-Mode Rejection Rs <10 kQ 70 | 90 70 | 90 70 | 90 dB

Ratio

Supply Voltage Rejection Rg <10 kQ, 5V < Vg< 15V | 77 | 96 77 | 96 77 | 96 dB

Note 1: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the maximum junction

temperature will be exceeded.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dicated by Tjmax, 8ja, and the ambient temperature, Ta.

The maximum available power dissipation at any temperature is Py = (Tjmax — Ta)/6ja or the 25°C Pgyax, whichever is less.

Note 3: These specifications apply for Vg = £15V and over the absolute maximum operating temperature range (T < Ta < Ty) unless otherwise noted.

Note 4: Refer to RETS 148X for LM148 military specifications and refer to RETS 149X for LM149 military specifications.
Note 5: Human body model, 1.5 kQ in series with 100 pF.

Cross Talk Test Circuit

Application Hints
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Vg = £15V

The LM148 series are quad low power 741 op amps. In the
proliferation of quad op amps, these are the first to offer the
convenience of familiar, easy to use operating characteris-
tics of the 741 op amp. In those applications where 741 op
amps have been employed, the LM148 series op amps can
be employed directly with no change in circuit performance.

The LM149 series has the

same characteristics as the

LM148 except it has been decompensated to provide a
wider bandwidth. As a result the part requires a minimum

gain of 5.

15

20

DS007786-43

€our

DS007786-7
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LM158/LM258/LM358/LM2904

&National Semiconductor

LM158/LM258/LM358/LM2904

Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain, in-
ternally frequency compensated operational amplifiers which
were designed specifically to operate from a single power
supply over a wide range of voltages. Operation from split
power supplies is also possible and the low power supply
current drain is independent of the magnitude of the power
supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM158 series can be directly oper-
ated off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional =15V
power supplies.

The LM358 is also available in a chip sized package
(8-Bump micro SMD) using National’s micro SMD package
technology.

Unique Characteristics

m |n the linear mode the input common-mode voltage
range includes ground and.the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

= The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature compensated.

Advantages

m Two internally compensated op amps

m Eliminates need for dual supplies

m Allows direct sensing near GND and Vgt also goes to
GND

m Compatible with all forms of logic

® Power drain suitable for battery operation

m Pin-out same as LM1558/LM1458 dual op amp

Features

m Available in 8-Bump micro SMD chip sized package,
(See AN-1112)

m Internally frequency compensated for unity gain

m Large dc voltage gain: 100 dB

m Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

m Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: +1.5V to =16V

m Very low supply current drain (500 pA) —essentially
independent of supply voltage

m Low input offset voltage: 2 mV

= Input common-mode voltage range includes ground

m Differential input voltage range equal to the power
supply voltage

m Large output voltage swing: 0V to V*- 1.5V

Voltage Controlled Oscillator (VCO)

0.054F

R
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hbd \
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-
Absolute Maximum Ratings (note 9) §
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ x
Distributors for availability and specifications. E
LM158/LM258/LM358 LM2904 5
LM158A/LM258A/LM358A -
Supply Voltage, V* 32V 26V 5
Differential Input Voltage 32v 26V S
Input Voltage -0.3V to +32V -0.3V to +26V =
Power Dissipation (Note 1) E
Molded DIP 830 mw 830 mW 8
Metal Can 550 MW B
Small Outline Package (M) 530 mW 530 mW
micro SMD 435mW
Output Short-Circuit to GND
(One Amplifier) (Note 2)
V* <15V and T, = 25°C Continuous Continuous
Input Current (Vi < -0.3V) (Note 3) 50 mA 50 mA
Operating Temperature Range
LM358 0°C to +70°C -40°C to +85°C
LM258 -25°C to +85°C
LM158 -55°C to +125°C

Storage Temperature Range -65°C to +150°C -65°C to +150°C

Lead Temperature, DIP

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, Metal Can
(Soldering, 10 seconds) 300°C 300°C
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C 260°C
Small Outline Package
Vapor Phase (60 seconds) 215°C 215°C
Infrared (15 seconds) : 220°C 220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.

ESD Tolerance (Note 10) 250V 250V
Electrical Characteristics
V* = +5.0V, unless otherwise stated
Parameter Conditions LM158A LM358A LM158/LM258 Units
Min Typ Max [Min Typ Max [Min Typ Max

Input Offset Voltage (Note 5), To = 25°C 1 2 2 3 2 5 mV

Input Bias Current lingsy OF Iingys Ta = 25°C, 20 50 45 100 45 150 nA
Vem = 0V, (Note 6)

Input Offset Current Iingsy = lingey Vom = 0V, T = 25°C 2 10 5 30 3 30 nA

Input Common-Mode V* = 30V, (Note 7) 0 V15| 0 Vt-151| 0 V*-1.5 \

Voltage Range (LM2904, V* = 26V), T, = 25°C

Supply Current Over Full Temperature Range
R_ = = on All Op Amps
V* = 30V (LM2904 V* = 26V) 1 2 1 2 1 2 mA
V*+ =5V 05 1.2 05 1.2 0.5 1.2 mA
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LM158/LM258/LM358/LM2904

Electrical Characteristics
V* = +5.0V, unless otherwise stated

Parameter Conditions LM358 LM2904 Units
Min Typ Max Min Typ Max
Input Offset Voltage (Note 5) , To = 25°C 7 2 7 mV
Input Bias Current lingsy OF Iy Ta = 25°C, 45 250 45 250 nA
Vem = 0V, (Note 6)
Input Offset Current Iingy = iney Vem = 0V, Ta = 26°C 50 5 50 nA
Input Common-Mode V* = 30V, (Note 7) 0 V+-1.5 0 V+-1.5 \
Voltage Range (LM2904, V* = 26V), T = 25°C
Supply Current Over Full Temperature Range
R, = < on All Op Amps
V* = 30V (LM2904 V* = 26V) 2 1 2 mA
V* =5V 0.5 1.2 0.5 1.2 mA
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
Parameter Conditions LM158A LM358A LM158/LM258 Units
Min Typ Max |Min Typ Max | Min Typ Max
Large Signal Voltage V+ =15V, T, = 25°C,
Gain R, =2 kQ, (For Vo = 1V 50 100 25 100 50 100 V/imV
to 11V)
Common-Mode Ta=25C, 70 85 65 85 70 85 dB
Rejection Ratio Vewm = 0V to V*-1.5V
Power Supply V+ = 5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 65 100 65 100 dB
to 26V), To = 25°C
Amplifier-to-Amplifier f=1kHzto 20 kHz, T, = 25°C 120 _120 120 B
Coupling (Input Referred), (Note 8) .
Output Current | Source | Vit = 1V,
VinT =0V, 20 40 20 40 20 40 mA
V+ =15V,
Vo =2V, Ta=25C
Sink | Viy™ = 1V, V" = 0V
V* =15V, Tp = 25°C, 10 20 10 20 10 20 mA
Vo =2V
Vin™ =1V,
Vvt =0V 12 50 12 50 12 50 pA
Ta=25°C, Vo =200 mV,
V* =15V
Short Circuit to Ground Ta = 25°C, (Note 2), 40 60 40 60 40 60 mA
V* =15V
Input Offset Voltage (Note 5) 4 5 7 mV
Inp.>ut Offset Voltage Rs = 0Q - 15 7 20 7 WVIC
Drift
Input Offset Current inen = iney 30 75 100 nA
In;?ut Offset Current Rs = 0Q 10 200 10 300 10 PAC
Drift
Input Bias Current lings OF v 40 100 40 200 40 300 nA
Input Common-Mode V* =30V, (Note 7) 0 vie2 | o via | o Vo2 v

Voltage Range

(LM2904, V* = 26V)
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Electrical Characteristics (continued)

V* = +5.0V, (Note 4), unless otherwise stated

LM158A LM358A LM158/LM258 Units
Min Typ Max |Min Typ Max |Min Typ Max

Parameter Conditions

Large Signal Voltage V*+ = +15V

Gain (Vo = 1V to 11V) 25 15 25 V/mV
R 22kQ
Output Vou | V* = +30V R = 2kQ 26 26 26 \
Voltage (LM2904, V* = 26V) | R_=10kQ | 27 28 27 28 27 28 v
Swing Vo | V* =5V, R_ = 10 kQ 5 20 5 20 5 20 mv
Output Current | Source | Viy* = +1V, Vi~ = 0V, 10 20 10 20 10 20 mA
V* =15V, Vo = 2V
Sink | Vi~ = +1V, V" = 0V, 0 15 5 8 5 g A
V* =15V, Vg = 2V
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
Parameter Conditions - LM358 - L2504 Units
Min Typ Max Min Typ Max
Large Signal Voltage V* =15V, T, = 25°C,
Gain R. 22 kQ, (For Vg = 1V 25 100 25 100 V/imv
to 11V)
Common-Mode Ta = 25°C, 65 85 50 70 dB
Rejection Ratio Vem = 0V to V*-1.5V
Power Supply V* = 5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 50 100 dB
to 26V), Ta = 25°C
Amplifier-to-Ampilifier f=1kHzto 20 kHz, T, = 25°C
) -120 -120 dB
Coupling (Input Referred), (Note 8)
Output Current Source | Vit =1V,
Vin© = OV, 20 40 20 40 mA
V+ =15V,
Vo =2V, Ta=25C
Sink | Vi~ =1V, V" = 0V
V* =15V, Tp = 25°C, 10 20 10 20 mA
Vo =2V
Vin™ =1V,
Vin® = 0V 12 50 12 50 HA
Ta = 25°C, Vg = 200 mV,
V* =15V
Short Circuit to Ground Ta = 25°C, (Note 2),
V* = 15V 40 60 40 60 mA
Input Offset Voltage (Note 5) 9 10 mV
Input Offset Voltage Rg = 0Q . - WVIC
Drift
Input Offset Current inesy = hiney 150 45 200 nA
lnp.aut Offset Current Rs = 0Q 10 10 DAI'C
Drift
Input Bias Current lingsy OF liny 40 500 40 500 nA
Input Common-Mode V* =30V, (Note 7)
0 V-2 0 v+ -2 \
Voltage Range (LM2904, V* = 26V)
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LM158/LM258/LM358/LM2904

Electrical Characteristics (continued)

V* = +5.0V, (Note 4), unless otherwise stated

Parameter Conditions LM358 LM2504 Units
Min Typ Max Min Typ Max
Large Signal Voltage V* = +15V
Gain (Vo = 1V to 11V) 15 15 V/imV
RL>2kQ
Output Vou | V¥ = +30V R, =2kQ 26 22 \Y
Voltage (LM2904, V* =26V) | R_=10kQ | 27 28 23 24 Vv
Swing VoL | V¥ =5V, R = 10 kQ 5 20 5 100 mV
Output Current Source | Vi\* = +1V, Vi~ = 0V, 10 20 10 20 mA
V* =15V, Vo = 2V
Sink | Vi~ = +1V, Vit = 0V, 5 8 5 8 mA
V* =15V, Vo = 2V

Note 1: For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature and a thermal resis-
tance of 120°C/W for MDIP, 182°C/W for Metal Can, 189°C/W for Small Outline package, and 230°C/W for micro SMD, which applies for the device soldered in a
printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based ona +150°C v junction ture. The
dissipation is the total of both amplifiers — use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the
integrated circuit.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short cirucits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the
IC chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration that
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again retumns to a value
greater than -0.3V (at 25°C).

Note 4: These specifications are limited to -55°C < Tp < +125°C for the LM158/LM158A. With the LM258/LM258A, all temperature specifications are limited to -25°C
< Ta < +85°C, the LM358/LM358A temperature specifications are limited to 0°C < T4 < +70°C, and the LM2904 specifications are limited to -40°C < Ty < +85°C.

Note 5: Vo = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (OV to V* -1.5V) at 25°C. For LM2904, V* from 5V to 26V.

Note 6: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so .
no loading change exists on the input lines.

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* -1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2904), independent of the magnitude of
%8

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be de-
tected as this type of capacitance increases at higher frequencies.

Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications.
Note 10: Human body model, 1.5 kQ in series with 100 pF.
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6SENT

National Semiconductor

LM359
Dual, High Speed, Programmable, Current Mode (Norton)
Amplifiers

General Description Features

The LM359 consists of two current differencing (Norton) in- @ User programmable gain bandwidth product, slew rate,
put amplifiers. Design emphasis has been placed on obtain- input bias current, output stage biasing current and total
ing high frequency performance and providing user program- device power dissipation

mable amplifier operating characteristics. Each amplifier is ~ ® High gain bandwidth product (Isg+ = 0.5 mA)
broadbanded to provide a high gain bandwidth product, fast 400 MHz for Ay, = 10 to 100

slew rate and stable operation for an inverting closed loop 30 MHz for Ay = 1
gain of 10 or greater. Pins for additional external frequency ~ m High slew rate (Iser = 0.5 mA)
compensation are provided. The amplifiers are designed to 60 V/us for A, = 10 to 100
operate from a single supply and can accommodate input 30 V/us for A, = 1
common-mode voltages greater than the supply. ® Current differencing inputs allow high common-mode
. . input voltages
Appllcatlons m Operates from a single 5V to 22V supply
m General purpose video amplifiers m | arge inverting amplifier output swing, 2 mV to V¢ —
m High frequency, high Q active filters 2
m Photo-diode amplifiers m Low spot noise, g ny//Hz, forf>1kHz
m Wide frequency range waveform generation circuits
m All LM3900 AC applications work to much higher
frequencies
Typical Application Connection Diagram
0.5 pF Dual-In-Line Package
1 U 14
7.5k ISET(OUT) VoutB
0.01 uF —AMN—4 2 1
Vout A COMPB
COMP A = &3 vt
TR GND A T AN Q/Bl ! oo s
e AMA
I+ 5 10
100 uF NC == poee 1y (—)B
—O eouT 5 9
20k N (—)A == Iin(+)B
12v O—NW—P| 7 8
[THL ISET(IN)
DS007788-2
DS007788-1 Top View
e Ay=20dB Order Number LM359M or LM359N
e -3 dB bandwidth = 2.5 Hz to 25 MHz See NS Package Number M14A or N14A

* Differential phase error < 1° at 3.58 MHz
* Differential gain error < 0.5% at 3.58 MHz
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LM359

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage

Power Dissipation (Note 2)

J Package

N Package
Maximum T,

J Package

N Package
Thermal Resistance
J Package
8a 147°C/W still air

22 Vpe
or £11 Vpe

1w
750 mwW

+150°C
+125°C

110°C/W with 400 linear feet/min air flow

N Package
6, 100°C/W still air

75°C/W with 400 linear feet/min air flow

Electrical Characteristics

lseTany = lseToumy = 0.5 MA, Vgypny = 12V, To = 25°C unless - .nerwise noted

Input Currents, I\ (+) or lin(-) 10 mApc
Set Currents, lsergny OF lseToun) -2 mApc
Operating Temperature Range
LM359 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature
(Soldering, 10 sec.) 260°C
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

ESD rating to be determined.

Parameter Conditions LM359 Units
Min Typ Max
Open Loop Voltage Veuppy = 12V, R = 1k, f = 100 Hz 62 72 dB
Gain Ta=125C 68 dB
Bandwidth Rin = 1 KQ, Ceomp = 10 pF 15 30 MHz
Unity Gain
Gain Bandwidth Product Rin = 5092 to 200Q 200 400 MHz
Gain of 10 to 100 .
Slew Rate
Unity Gain Rin = 1 KQ, Cgomp = 10 pF 30 Vl/ps
Gain of 10 to 100 Ry < 200Q 60 Vips
Amplifier to Amplifier f =100 Hz to 100 kHz, R, = 1k -80 dB
Coupling
Mirror Gain at 2 mA liy(+), Iser = 5 YA, To = 25°C 0.9 1.0 1.1 pA/UA
(Note 3) at 0.2 mA Iin(+), Iser = 5 PA 0.9 1.0 1.1 PA/pA
Over Temp.
at 20 pA Ii\(+), Iser = 5 HA 0.9 1.0 1.1 UA/pA
Over Temp.
AMirror Gain at 20 pA to 0.2 mA Iy(+) 3 5 %
(Note 3) Over Temp, Iger = 5 pA
Input Bias Current Inverting Input, Tp = 25°C 8 15 pA
Over Temp. 30 LA
Input Resistance (Bre) Inverting Input 2.5 kQ
Output Resistance lour = 15 MA rms, f = 1 MHz 35 Q
Output Voltage Swing R_ = 600Q
Vour High Iin(=) and Ij\(+) Grounded 9.5 10.3 Vv
Vour Low Iin(=) = 100 pA, Ii(+) =0 2 50 mV
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Electrical Characteristics (continued)

lserany = lseTouty = 0.5 MA, Vgony = 12V, To = 25°C unless otherwise noted

6SENT

Parameter Conditions LM359 Units
Min Typ Max
Output Currents
Source Iin(=) and I, (+) Grounded, R_ = 100€2 16 40 mA
Sink (Linear Region) Voomp=0-5V = Vour = 1V, Iin(+) = 0 4.7 mA
Sink (Overdriven) Iin(=) = 100 pA, li\(+) = 0, 1.5 3 mA
Vour Force = 1V
Supply Current Non-Inverting Input 18.5 22 mA
Grounded, R = o
Power Supply Rejection f = 120 Hz, l)(+) Grounded 40 50 dB
(Note 4)

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: See Maximum Power Dissipation graph.

Note 3: Mirror gain is the current gain of the current mirror which is used as the non-inverting input. ( A= M)

AMirror Gain is the % change in A; for two different mirror currents at any given temperature. IN(+)
Note 4: See Supply Rejection graphs.
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LM392

LM392

General Description

The LM392 series consists of 2 independent building block
circuits. One is a high gain, internally frequency compen-
sated operational amplifier, and the other is a precision volt-
age comparator. Both the operational amplifier and the volt-
age comparator have been specifically designed to operate
from a single power supply over a wide range of voltages.
Both circuits have input stages which will common-mode in-
put down to ground when operating from a single power sup-
ply. Operation from split power supplies is also possible and
the low power supply current is independent of the magni-
tude of the supply voltage.

Application areas include transducer amplifier with pulse
shaper, DC gain block with level detector, VCO, as well as all
conventional operational amplifier or voltage comparator cir-
cuits. Both circuits can be operated directly from the stan-
dard 5 Vpc power supply voltage used in digital systems,
and the output of the comparator will interface directly with
either TTL or CMOS logic. In addition, the low power drain
makes the LM392 extremely useful in the design of portable
equipment.

Advantages

= Eliminates need for dual power supplies

m An internally compensated op amp and a precision
comparator in the same package

m Allows sensing at or near ground

NNational Semiconductor

Low Power Operational Amplifier/Voltage Comparator

m Power drain suitable for battery operation
® Pin-out is the same as both the LM358 dual op amp and
the LM393 dual comparator

Features
m Wide power supply voltage range
Single supply: 3V to 32V

Dual supply: *1.5V to £16V
m L ow supply current drain—essentially independent of
supply voltage: 600 pA

Low input biasing current: 50 nA
Low input offset voltage: 2 mV
5nA

Input common-mode voltage range includes ground
Differential input voltage range equal to the power
supply voltage

ADDITIONAL OP AMP FEATURES

]
| |
m Low input offset current:
n
]

m |nternally frequency compensated for unity gain
® Large DC voltage gain: 100 dB

m Wide bandwidth (unity gain): 1 MHz

® Large output voltage swing: 0V to V* - 1.5V

ADDITIONAL COMPARATOR FEATURES
Low output saturation voltage: 250 mV at 4 mA
= Qutput voltage compatible with all types of logic systems

Connection Diagram

(Amplifier A = Comparator)
(Amplifier B = Operational Amplifier)
Dual-In-Line Package

OUTPUTA 1
(COMPARATOR)

INVERTING INPUT A -—z

NON-INVERTING __3

.a—v+

7 __OUTPUTB
(0P AMP)

INPUTA

4
GND e

INVERTING INPUT B

5 __ NON-INVERTING
INPUT B

DS007793-1

(Top View)

Order Number LM392M or LM392MX
See NS Package Number MOSA
Order Number LM392N
See NS Package Number NOSE
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Absolute Maximum Ratings (ot 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage, V*

Differential Input Voltage

Input Voltage

Power Dissipation (Note 2)
Molded DIP (LM392N)

Small Outline Package (LM392M)
Output Short-Circuit to Ground (Note 3)

Input Current (Vi < =0.3 V) (Note 4)

Operating Temperature Range
Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)

ESD rating to be determined.
Soldering Information
Dual-in-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

LM392
32V or £16V
32V
—-0.3V to +32V

820 mW
530 mW
Continuous
50 mA
0°C to +70°C
-65°C to +150°C
260°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other
methods of soldering surface mount devices.

Electrical Characteristics

(V* = 5 Vp; specifications apply to both amplifiers unless otherwise stated) (Note 5)

Parameter Conditions LM392 Units
Min Typ Max

Input Offset Voltage Ta = 25°C, (Note 6) +2 +5 mV

Input Bias Current IN(+) or IN(=), Ta =25°C, (Note 7) , Vgm = 50 250 nA
ov

Input Offset Current IN(+) = IN(=), To = 25°C +5 +50 nA

Input Common-Mode Voltage Range V* = 30 Vpg, Ta = 25°C, (Note 8) 0 V*-1.5 \

Supply Current R = ,V*=30V 1 2 mA

Supply Current R =% ,V=5V 05 1 mA

Amplifier-to-Amplifier Coupling f = 1 kHz to 20 kHz, To = 25°C, Input -100 dB
Referred, (Note 9)

Input Offset Voltage (Note 6) +7 mV

Input Bias Current IN(+) or IN(-) 400 nA

Input Offset Current IN(+) = IN(-) 150 nA

Input Common-Mode Voltage Range V* = 30 Vpc, (Note 8) 0 V-2 \

Differential Input Voltage Keep All V\'*2 0 V¢ (or V7, if used ) 32 \
(Note 10)
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LM392

Electrical Characteristics (continued)

(V* = 5 Vpg; specifications apply to both amplifiers unless otherwise stated) (Note 5)

Parameter Conditions LM392 Units
Min Typ Max
OP AMP ONLY
Large Signal Voltage Gain V* =15 Vpg, V, swing = 1 Vpg to 11 Vpg, 25 100 V/mV
RL=2kQ, Ty =25C
Output Voltage Swing R.=2kQ, To=25C 0 V*-1.5 \
Common-Mode Rejection Ratio DC, Ta = 25°C, Vey= 0, Vpe to V*-1.5 65 70 dB
VDC
Power Supply Rejection Ratio DC, Tp =25°C 65 100 dB
Output Current Source Vines = 1 Voo Vine = 0 Vpe,
i V215 Vg V=2 Voo, Th = 25°C 20 | 40 mA
Output Current Sink Vine = 1 Voo Ving = 0 Vope, 10 20 mA
V* =15 Vpg, Vo =2Vpg, Ta = 25°C
Vine = 1 Voes Vingy = 0 Voe, 12 50 A
V* =15 Vpg, Vo, =200 mV, T, = 25°C
Input Offset Voltage Drift Rg = 0Q 7 uvrc
Input Offset Current Drift Rs = 0Q 10 pApc/'C
COMPARATOR ONLY
Voltage Gain R 215 kQ, V¥ =15 Vg, To = 25°C 50 200 V/mV
Large Signal Response Time V)n = TTL Logic Swing, Vger = 1.4 Vpc 300 ns
Ve = 5 Vpe, R = 5.1 kKQ, Ta = 25°C
Response Time Vi =5 Vpe, RL=5.1kQ, To =25C 1.3 us
Output Sink Current Vine =1 Voes Vings = 0 Vo, 6 16 mA
Vo 21.5 Vpg, Ta =25°C
Saturation Voltage Vine 21 Voo Vingy = 0, 250 400 mV
lsink £4 mMA, Ty =25°C
Ving 2 1 Voo, Ving = 0, 700 mv
Isink £ 4 MA
Output Leakage Current Vine = 0, Vingy 2 1 Vpes 0.1 nA
Vo =5Vpg, Ta=25C
Ving = 0, Viney 2 1 Voo, 1.0 HA
Vo =30 Vpe

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: For operating at temperatures above 25°C, the LM392 must be derated based on a 125°C maximum junction temperature and a thermal resistance of
122°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The dissipation is the total of both amplifiers — use external
resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Note 3: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V*. At values of supply voltage in excess of 15V, con-
tinuous short circuits can exceed the power dissipation ratings and cause eventual destruction.

Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the
IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V* voltage level (or to ground for a large overdrive) for the time duration
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value
greater than —0.3V (at 25°C).

Note 5: These specifications apply for V* = 5V, unless otherwise stated. For the LM392, temperature specifications are limited to 0°C < Tp < +70°C.

Note 6: At output switch point, Vg = 1.4V, Rg = 0Q with V* from 5V to 30V; and over the full input common-mode range (0V to V* - 1.5V).

Note 7: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the input lines.

Note 8: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode
voltage range is V* - 1.5V, but either or both inputs can go to 32V without damage.

Note 9: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. This typically can be
detected as this type of capacitive coupling increases at higher frequencies.

Note 10: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common-mode range, the
comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The input voltage state must not be less
than —0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier.

Note 11: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained.
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National Semiconductor

LM4250

Programmable Operational Amplifier

General Description

The LM4250 and LM4250C are extremely versatile program-
mable monolithic operational amplifiers. A single external
master bias current setting resistor programs the input bias
current, input offset current, quiescent power consumption,
slew rate, input noise, and the gain-bandwidth product. The
device is a truly general purpose operational amplifier.

The LM4250C is identical to the LM4250 except that the
LM4250C has its performance guaranteed over a 0°C to
+70°C temperature range instead of the -55°C to +125°C
temperature range of the LM4250.

Features

m +1V to £18V power supply operation

m 3 nA input offset current

Standby power consumption as low as 500 nW
No frequency compensation required
Programmable electrical characteristics

Offset voltage nulling capability

Can be powered by two flashlight batteries
Short circuit protection

Connection Diagrams

Metal Can Package

QUIESCENT
CURRENT SET

OFFSET

H} (&) outpur

NON=INVERTING
INPUT o NULL

®
o

INVERTING
INPUT

DS009300-2

Top View

X5 Difference Amplifier

DS009300-3

Quiescent Pp = 0.6 mW

Dual-In-Line Package

oFFser || N |5 QUIESCENT
NULL CURRENT SET
INVERTING ,, _] |
NON=INVERTING
INPUT 3 -6 OUTPUT
-4 |- OFFSET
Vo4 5 NULL
DS009300-5
Top View

500 Nano-Watt X10 Amplifier

DS009300-4

Quiescent Pp = 500 nW
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LM4250

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

(Note 3)
LM4250 LM4250C
Supply Voltage +18V +18V
Operating Temp. Range -55°C < To<+125°C 0°C <To<+70°C
- Differential Input Voltage +30V : +30V
Input Voltage (Note 2) +15V . +15V
IsgT Current 150 nA 150 nA
Output Short Circuit Duration Continuous Continuous
Tamax : .
H-Package 150°C 100°C
N-Package 100°C
J-Package 150°C 100°C
M-Package 100°C
Power Dissipation at T, = 25°C
H-Package (Still Air) 500 mW 300 mW
(400 LF/Min Air Flow) 1200 mW 1200 mW
N-Package 500 mW
J-Package 1000 mW 600 mW
M-Package 350 mW
Thermal Resistance (Typical) 0,
H-Package (Still Air) k 165°C/W 165°C/W
(400 LF/Min Air Flow) 65°C/W 65°C/W
N-Package 130°C/W
J-Package } 108°C/W 108°C/W
M-Package 190°C/W
(Typical) 6,c
H-Package 21°C/W 21°C/W
Storage Temperature Range -65°C to +150°C -65°C to +150°C
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C
Small Outline Package
Vapor Phase (60 seconds) . 215°C
Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

ESD tolerance (Note 4) 800V

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.

Note 2: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.
Note 3: Refer to RETS4250X for military specifications.
Note 4: Human body model, 1.5 kQ in series with 100 pF. -
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Resistor Biasing

Set Current Setting Resistor to V-

ISET
A 0.1 pA 0.5 pA 1.0 yA 5 pA 10 pA
+1.5V 25.6 MQ 5.04 MQ 2.5 MQ 492 kQ 244 kQ
+3.0V 55.6 MQ 11.0 MQ 5.5 MQ 1.09 MQ 544 kQ
+6.0V 116 MQ 23.0 MQ 11.5 MQ 2.29 MQ 1.14 MQ
+9.0V 176 MQ 35.0 MQ 17.5 MQ 3.49 MQ 1.74 MQ
+12.0V 236 MQ 47.0 MQ 23.5 MQ 4.69 MQ 2.34 MQ
+15.0V 296 MQ 59.0 MQ 29.5 MQ 5.89 MQ 2.94 MQ
Electrical Characteristics
LM4250 (-55°C < T, < +125°C unless otherwise specified.) T4 = T,
Vg = £1.5V
Parameter Conditions lser =1 HA Isgr = 10 A
Min Max Min Max
Vos Rs < 100 kQ, T = 25°C 3mv 5mv
los To=25C 3nA 10 nA
lvias Ta=25C 7.5nA 50 nA
Large Signal Voltage R =100 kQ, T, = 25°C 40k
Gain Vo = £0.6V, R_ = 10 kQ 50k
Supply Current Ta=25C 7.5 pA 80 pA
Power Consumption Ta=25C 23 yWw 240 pW
Vos Rg < 100 kQ 4mv 6mV
los T, = +125°C 5nA 10 nA
Ta =-55C 3nA 10 nA
lpias 7.5 nA 50 nA
Input Voltage Range +0.6V +0.6V
Large Signal Voltage Gain Vo = £0.5V, R_ = 100 kQ 30k
R, = 10 kQ 30k
Output Voltage Swing R. = 100 kQ +0.6V
R, =10 kQ 0.6V
Common Mode Rejection Ratio Rs <10 kQ 70 dB 70 dB
Supply Voltage Rejection Ratio Rs <10 kQ 76 dB 76 dB
Supply Current 8 pA 90 pA
Vg = £15V
Parameter Conditions lsgr =1 HA Iser = 10 A
Min Max Min Max
Vos Rg < 100 kQ, To = 25°C 3mv 5mV
los Ta=25C 3nA 10 nA
Ibias Ta=25C 7.5 nA 50 nA
Large Signal Voltage R = 100 kQ, T, = 25°C 100k
Gain Vo = £10V, R = 10 kQ 100k
Supply Current Ta=25C 10 pA 90 pA
Power Consumption Ta=25°C 300 W 2.7 mW
Vos Rs <100 kQ 4 mV 6 mV
los Ta =+125°C 25 nA 25 nA
Ta=-55C 3nA 10 nA
lpias 7.5nA 50 nA
Input Voltage Range +13.5V +13.5V
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LM4250

Electrical Characteristics (continued)

Vg = 215V
Parameter Conditions lser =1 HA Iser = 10 A
Min Max Min Max
Large Signal Voltage Vo = £10V, R_ = 100 kQ 50k
Gain R, =10 kQ 50k
Output Voltage Swing R_ = 100 kQ +12V
R = 10 kQ +12V
Common Mode Rejection Ratio Rg < 10 kQ 70 dB 70 dB
Supply Voltage Rejection Ratio Rg <10 kQ 76 dB 76 dB
Supply Current 11 pA 100 pA
Power Consumption 330 pw 3mw
Electrical Characteristics
LM4250C (0°C < T, < +70°C unless otherwise specified.) T = T,
Vg = £1.5V
Parameter Conditions lser = 1 HA Isgr = 10 pA
Min Max Min Max
Vos Rg <100 kQ, Tp = 25°C 5mV 6 mV
los Ta=25C 6 nA 20 nA
Ibias Ta=25C 10 nA 75 nA
Large Signal Voltage Gain R =100 kQ, T4 =25°C 25k
Vo = 0.6V, R_ = 10 kQ 25k
Supply Current Ta=25C 8 pA 90 pA
Power Consumption Ta=25C 24 yW 270 pW
Vos Rs < 10 kQ 6.5 mV 7.5mV
los 8 nA 25 nA
lpias 10 nA 80 nA
Input Voltage Range +0.6V +0.6V
Large Signal Voltage Vo = £0.5V, R = 100 kQ 25k
Gain Ry = 10 kQ 25k
Output Voltage Swing R_ = 100 kQ +0.6V
R = 10 kQ +0.6V
Common Mode Rejection Ratio Rg <10 kQ 70 dB 70 dB
Supply Voltage Rejection Ratio Rg < 10 kQ 74 dB 74 dB
Supply Current 8 YA 90 pA
Power Consumption 24 yW 270 pW
Vg = £15V
Parameter Conditions lser =1 A lser = 10 pA
Min Max Min Max
Vos Rg <100 kQ, To =25°C 5mV 6 mV
los Ta=25C 6 nA 20 nA
lpias Ta=25C 10 nA 75 nA
Large Signal Voltage R =100kQ, To =25°C 60k
Gain Vo = 210V, R = 10 kQ 60k
Supply Current Ta=25C 11 pA 100 pA
Power Consumption Ta=25C 330 pw 3 mwW
Vos Rs < 100 kQ 6.5 mV 7.5 mV
los 8 nA 25 nA
lpias 10 nA 80 nA
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Electrical Characteristics (continued)

Vg = £15V
Parameter Conditions lser =1 pA Iser = 10 A
Min Max Min Max

Input Voltage Range +13.5V +13.5V
Large Signal Voltage Vo = £10V, R = 100 kQ 50k
Gain R = 10 kQ 50k
Output Voltage Swing R, = 100 kQ +12V

R, = 10 kQ 12V
Common Mode Rejection Ratio Rg £ 10 kQ 70 dB 70 dB
Supply Voltage Rejection Ratio Rs < 10 kQ 74 dB 74 dB
Supply Current 11 pA 100 pA
Power Consumption 330 yW 3 mw
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LM611

NNational Semiconductor

LM611

Operational Amplifier and Adjustable Reference

General Description

The LM611 consists of a single-supply op-amp and a pro-
grammable voltage reference in one space saving 8-pin
package. The op-amp out-performs most single-supply
op-amps by providing higher speed and bandwidth along
with low supply current. This device was specifically de-
signed to lower cost and board space requirements in trans-
ducer, test, measurement and data acquisition systems.

Combining a stable voltage reference with a wide output
swing op-amp makes the LM611 ideal for single supply
transducers, signal conditioning and bridge driving where
large common-mode signals are common. The voltage refer-
ence consists of a reliable band-gap design that maintains
low dynamic output impedance (1Q typical), excellent initial
tolerance (0.6%), and the ability to be programmed from
1.2V to 6.3V via two external resistors. The voltage refer-
ence is very stable even when driving large capacitive loads,
as are commonly encountered in CMOS data acquisition
systems.

As a member of National’s Super-Block™ family, the LM611
is a space-saving monolithic alternative to a multi-chip solu-
tion, offering a high level of integration without sacrificing
performance.

Features

OP AMP

m Low operating current: 300 pA (op amp)

m Wide supply voltage range: 4V to 36V

m Wide common-mode range: V- to (V*-1.8V)

m Wide differential input voltage: +36V

m Available in low cost 8-pin DIP

m Available in plastic package rated for Military
Temperature Range Operation

REFERENCE

m Adjustable output voltage:

m Tight initial tolerance available:

m Wide operating current range:

m Reference floats above ground

m Tolerant of load capacitance

1.2V to 6.3V
+0.6%
17 pAto 20 mA

Applications

m Transducer bridge driver

m Process and Mass Flow Control systems
m Power supply voltage monitor

m Buffered voltage references for A/D’s

Connection Diagrams
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Thermal Resistance, Junction-to-Ambient (Note 3)

Voltage on Any Pins Except Vg
(referred to V- pin)
(Note 2)

Current through Any Input Pin and
Vg Pin

Differential Input Voltage
Military and Industrial
Commercial

Storage Temperature Range

Maximum Junction Temperature

Electrical Characteristics

These specifications apply for V- = GND = 0V, V* = 5V, Vo
uniess otherwise specified. Limits in standard typeface are for T, = 25°C; limits nn boldface type apply over the Operating

Temperature Range.

N Package 100°C/W
M Package 150°C/W
Soldering Information Soldering (10 seconds)

N Package 260°C

36V (Max) M Package 220°C

-0.3V (Min) ESD Tolerance (Note 4) +1 kV

£20 mA Operating Temperature Range

LM611Al, LM6111, LM611BI —40°C<T,;<+85°C

+36V LM611AM, LM611M -55°C<T <+125°C

+32V LM611C 0°C<T,<70°C
-65°C<T,<+150°C
150°C

= Vour = 2.5V, Iz = 100 A, FEEDBACK pin shorted to GND,

LM611M
LM611AM LM611BI
Symbol Parameter Conditions Typical | LM611Al LM6111 Units
(Note 5) Limits LM611C
(Note 6) Limits
(Note 6)
Ig Total Supply Current RLoap = , 210 300 350 PA max
4V < V* < 36V (32V for LM611C) 221 320 370 YA max
Vg Supply Voltage Range 2.2 2.8 28 V min
29 3 3 V min
46 36 32 V max
43 36 32 V max
OPERATIONAL AMPLIFIER
Vos1 Vs Over Supply 4V < V* < 36V 15 3.5 5.0 mV max
(4V < V* <32V for LM611C) 2.0 6.0 7.0 mV max
Vosa Vos Over Vey Vem = 0V through Vey = 1.0 3.5 5.0 mV max
(V¥ -1.8V), V* =30V, V™ = 0V 15 6.0 7.0 mV max
Vos3 Average Vg Drift (Note 6) 15 uv/c
AT max
Is Input Bias Current 10 25 35 nA max
11 30 40 nA max
los Input Offset Current 0.2 4 4 nA max
0.3 5 5 nA max
Average Offset Drift
I'(Z% Currer?t 4 PASC
Rin Input Resistance Differential 1800 MQ
Common-Mode 3800 MQ
Cin Input Capacitance Common-Mode 5.7 pF
e, Voltage Noise f =100 Hz, 74 nv/JHAz
Input Referred
In Current Noise f =100 Hz, 58 fA/VAz
Input Referred
CMRR Common-Mode V*+ =30V, OV < Vg < (VF - 1.8V) 95 80 75 dB min
Rejection-Ratio CMRR = 20 log (AVcm/AVos) 90 75 70 dB min
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LM611

Temperature Range.

unless otherwise specified. Limits in standard typeface are

Electrical Characteristics (continued)

These specifications apply for V- = GND = 0V, V* = 5V, Vo = Vour = 2.5V, Ig = 100 pA, FEEDBACK pin shorted to GND,
?or T, = 25°C; limits in'boldface type apply over the Operating

LM611M
LM611AM LM611BI
Symbol Parameter Conditions Typical | LM611AIl LMé6111 Units
(Note 5) Limits LM611C
(Note 6) Limits
(Note 6)
OPERATIONAL AMPLIFIER
PSRR Power Supply 4V < V* <30V, Vgm = V*/2, 110 80 75 dB min
Rejection-Ratio PSRR = 20 log (AV*/AVss) 100 75 70 dB min
Ay Open Loop R_ = 10 kQ to GND, V* = 30V, 500 100 94 V/mV
Voltage Gain 5V < Vgur £ 25V 50 40 40 min
SR Slew Rate V* = 30V (Note 7) 0.70 0.55 0.50 V/us
0.65 0.45 0.45
GBW Gain Bandwidth C_ =50 pF 0.80 MHz
0.50
Vo1 Output Voltage R_ = 10 kQ to GND Vt-14 | V* =17 V*t-1.8 V min
Swing High V*+ = 36V (32V for LM611C) V+-16 | V*-1.9 V+-1.9 V min
Voo Output Voltage R . =10kQ to V* V-+08 | V7+0.9 V-~ +0.95 V max
Swing Low V* = 36V (32V for LM611C) V-+09 | V-+1.0 V-+1.0 V max
lout Output Source Vour = 2.5V, V,n = 0V, 25 20 16 mA min
Current V_y = -0.3V 15 13 13 mA min
lsink Output Sink Vour = 1.6V, Vi = 0V, 17 14 13 mA min
Current V_n = 0.3V 9 8 8 mA min
lsHorT Short Circuit Current Vour =0V, V,n = 3V, 30 50 50 mA max
V_in = 2V, Source 40 60 60 mA max
Vour =5V, Vun =2V, 30 60 70 mA max
V_n = 3V, Sink 32 80 90 mA max
VOLTAGE REFERENCE
Vg Reference Voltage (Note 8) 1.244 1.2365 1.2191 V min
1.2515 1.2689 V max
(£0.6%) (£2.0%)
AVR Average Temperature | (Note 9) PPM/°C
‘AT, Drift 10 80 150 max
% Hysteresis Hyst = (Vro' - Vro)/AT,; (Note 10) 32 WG
AVR Vg Change Vr@oo pa) = VRa17 pa) 0.05 1 1 mV max
AlR with Current ’ 0.1 1.1 1.1 mV max
Vr@o may = VR(100 pa) 1.5 5 5 mV max
(Note 11) 2.0 5.5 5.5 mV max
R Resistance AVR(10-0.1 ma)/9.9 MA 0.2 0.56 0.56 Q max
AVR(100->17 pa)/83 HA 0.6 13 13 Q max
AVR Vg Change with Vawro = v = VRvro = 6.3v) 25 7 7 mV max
% High Vro (5.06V between Anode and 2.8 10 10 mV max
FEEDBACK)
AVR Vg Change with Vaw+ = 5v) = VRv+ = 38v) 0.1 1.2 1.2 mV max
AVE V* Change (V*+ = 32V for LM611C) 0.1 1.3 1.3 mV max
Vavs = sv) = VRv+ = av) 0.01 1 1 mV max
0.01 15 1.5 mV max
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Electrical Characteristics (continued)

These specifications apply for V- = GND = 0V, V* = 5V, Vg = Vour = 2.5V, Ig = 100 pA, FEEDBACK pin shorted to GND,
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating
Temperature Range.

LM611M
LM611AM LM611BI
Symbol Parameter Conditions Typical | LM611AI LM6111 Units
(Note 5) Limits LMé611C
(Note 6) Limits
(Note 6)
VOLTAGE REFERENCE
AVR Vg Change with V* = V* max, AVg = Vg
AVanope | Vanooe Change (@ Vanope = V™ = GND) - Vg 0.7 1.5 1.6 mV max
(@ Vanope = V* = 1.0V) 3.3 3.0 3.0 mV max
leg FEEDBACK Bias les; Vanope < Ves < 5.06V 22 35 50 nA max
Current 29 40 55 nA max
e, Vg Noise 10 Hz to 10,000 Hz, Vgo = Vg 30 MWVams

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de-
vice beyond its rated operating conditions.

Note 2: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below
V7, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined
and unpredictable when any parasitic diode or transistor is conducting.

Note 3: Junction temperature may be calculated using T; = Tp + Pp 6,4. The given thermal resistance is worst-case for packages in sockets in still air. For packages
soldered to copper-clad board with dissipation from one op amp or reference output transistor, nominal 8, is 90°C/W for the N package and 135°C/W for the M pack-
age.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 5: Typical values in standard typeface are for T, = 25°C; values in boldface type apply for the full operating temperature range. These values represent the
most likely parametric norm.

Note 6: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold face type).

Note 7: Slew rate is measured with op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output voltage
transition is sampled at 10V and 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and output voltage transition is sampled at 20V and 10V.

Note 8: Vg is the cathode-feedback voltage, nominally 1.244V.

Note 9: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is
105'AVn/(VR[25-c]°AT J), Where AVR is the lowest value subtracted from the highest, Vs is the value at 25°C, and AT, is the temperature range. This parameter
is guaranteed by design and sample testing.

Note 10: Hysteresis is the change in Vg caused by a change in T, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, —40°C, 70°C, 0°C, 25°C.

Note 11: Low contact resistance is required for accurate measurement.
Note 12: Military RETS 611AMX electrical test specification is available on request. The LM611AMJ/883 can also be procured as a Standard Military Drawing.
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LM613

LM613

Adjustable Reference

General Description

The LM613 consists of dual op-amps, dual comparators, and
a programmable voltage reference in a 16-pin package. The
op-amps out-performs most single-supply op-amps by pro-
viding higher speed and bandwidth along with low supply
current. This device was specifically designed to lower cost
and board space requirements in transducer, test, measure-
ment, and data acquisition systems.

Combining a stable voltage reference with wide output swing
op-amps makes the LM613 ideal for single supply transduc-
ers, signal conditioning and bridge driving where large
common-mode-signals are common. The voltage reference
consists of a reliable band-gap design that maintains low dy-
namic output impedance (1Q typical), excellent initial toler-
ance (0.6%), and the ability to be programmed from 1.2V to
6.3V via two external resistors. The voltage reference is very
stable even when driving large capacitive loads, as are com-
monly encountered in CMOS data acquisition systems.

As a member of National’s Super-Block™ family, the LM613
is a space-saving monolithic alternative to a multi-chip solu-
tion,: offering a high level of integration without sacrificing
performance.

National Semiconductor

Dual Operational Amplifiers, Dual Comparators, and

Features

OP AMP

m Low operating current (Op Amp): 300 pA

m Wide supply voltage range: 4V to 36V

m Wide common-mode range: V- to (V* - 1.8V)

m Wide differential input voltage: £36V

m Available in plastic package rated for Military Temp.
Range Operation

REFERENCE

= Adjustable output voltage: 1.2V to 6.3V

m Tight initial tolerance available: £0.6%

m Wide operating current range: 17 pA to 20 mA

m Tolerant of load capacitance

Applications

® Transducer bridge driver

m Process and mass flow control systems
m Power supply voltage monitor

m Buffered voltage references for A/D’s

Connection Diagrams
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Voltage on Any Pin Except Vg
(referred to Vpin)

(Note 2)

(Note 3)

Current through Any Input Pin
& Vg Pin

Differential Input Voltage
Military and Industrial
Commercial

Storage Temperature Range
Maximum Junction Temp.(Note 4)

Thermal Resistance,
Junction-to-Ambient (Note 5)
N Package

WM Package

Soldering Information (10 Sec.)

N Package
WM Package
36V (Max) ESD Tolerance (Note 6)
-0.3V (Min)
+20 mA
LM613Al, LM613BlI:
+36V LM613AM, LM613M:
) 32V me13c:
-65°C < T, <+150°C
150°C

Electrical Characteristics

These specifications apply for V- = GND = 0V, V* = 5V, V?M = Vout = 2.5V, Iz = 100 pA, FEEDBACK pin shorted to GND,
or

unless otherwise specified. Limits in standard typeface are for T; = 25°C; limits in boldface type apply over the Operating

Temperature Range.

Operating Temperature Range

0°C <T,<+70°C

100°C/W
150°C/W

260°C
220°C
+1 kV

-40°C to +85°C
-55°C to +125°C

LM613AM LM613M
Typical | LM613Al LM613I
Symbol Parameter Conditions (Note 7) Limits LM613C Units
(Note 8) Limits
(Note 8)
Is Total Supply Current RLoap = , 450 940 1000 HA (Max)
4V < V*+ < 36V (32V for LM613C) 550 1000 1070 A (Max)
Vg Supply Voltage Range 2.2 2.8 2.8 V (Min)
2.9 3 3 V (Min)
46 36 32 V (Max)
43 36 32 V (Max)
OPERATIONAL AMPLIFIERS
Vos1 Vos Over Supply 4V < V* <36V 15 3.5 5.0 mV (Max)
(4V < V* < 32V for LM613C) 2.0 6.0 7.0 mV (Max)
Vose Vs Over Vey Vewm = OV through Ve = 1.0 3.5 5.0 mV (Max)
(V* - 1.8V), V* =30V, V- = 0V 15 6.0 7.0 mV (Max)
Vos3 Average Vg Drift (Note 8) 15 pvrc
AT (Max)
s Input Bias Current 10 25 35 nA (Max)
11 30 40 nA (Max)
los Input Offset Current 0.2 4 4 nA (Max)
0.3 5 5 nA (Max)
lost Average Offset Current 4 DAFC
AT
Rin Input Resistance Differential 1000 MQ
Cin Input Capacitance Common-Mode 6 pF
e, Voltage Noise f = 100 Hz, Input Referred 74 nv/JAz
In Current Noise f = 100 Hz, Input Referred 58 tA/VAzZ
CMRR Common-Mode V* =30V, 0V £ Vg < (VF - 1.8V) 95 80 75 dB (Min)
Rejection Ratio CMRR = 20 log (AVem/AVos) 90 75 70 dB (Min)
PSRR Power Supply 4V < V* <30V, Vgy = V72, 110 80 75 dB (Min)
Rejection Ratio PSRR = 20 log (AV*/Vos) 100 75 70 dB (Min)
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LM613

Electrical Characteristics (continued)

These specifications apply for V- = GND = 0V, V* = 5V, Vgy = Vour = 2.5V, Ig = 100 uA, FEEDBACK pin shorted to GND,
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating

Temperature Range.

LM613AM LM613M
Typical | LM613Al LM613I
Symbol Parameter Conditions (Note 7) Limits LM613C Units
(Note 8) Limits
(Note 8)
OPERATIONAL AMPLIFIERS )
Ay Open Loop R = 10 kQ to GND, V* = 30V, 500 100 94 V/mV
Voltage Gain 5V < Vour < 25V 50 40 40 (Min)
SR Slew Rate V* = 30V (Note 9) 0.70 0.55 0.50 Vius
0.65 0.45 0.45
GBW Gain Bandwidth C_ =50pF 0.8 MHz
0.5 MHz
Voi Output Voltage RL = 10 kQ to GND, Vr-14 | V" -17 vVt -1.8 V (Min)
Swing High V* = 36V (32V for LM613C) V*-16{ V*-19 V+-1.9 V (Min)
Vo2 Output Voltage R = 10 kQ to V*, V-+08 | V"+09 V- +0.95 V (Max)
Swing Low V* = 36V (32V for LM613C) V-+09 | V-+1.0 V- +1.0 V (Max)
lout Output Source Current | Voyur = 2.5V, V) = 0V, 25 20 16 mA (Min)
V7 = -0.3V 15 13 13 mA (Min)
lsink Output Sink Current Vour = 1.8V, V¥ = 0V, 17 14 13 mA (Min)
V-n = 0.3V 9 8 8 mA (Min)
lshorT Short Circuit Current Vour = 0V, V¥ = 3V, 30 50 50 mA (Max)
Von =2V 40 60 60 mA (Max)
Vour = 5V, V¥y = 2V, 30 60 70 mA (Max)
VN =3V 32 80 20 mA (Max)
COMPARATORS
Vos Offset Voltage 4V < V* < 36V (32V for LM613C), 1.0 3.0 5.0 mV (Max)
R =15 kQ 2.0 6.0 7.0 mV (Max)
Vos Offset Voltage 0V < Ve < 36V 1.0 3.0 5.0 mV (Max)
Vem over Veym V+ = 36V, (32V for LM613C) 1.5 6.0 7.0 mV (Max)
Vos Average Offset 15 uvrc
AT | Voltage Drift (Max)
g Input Bias Current 5 25 35 nA (Max)
8 30 40 nA (Max)
los Input Offset Current 0.2 4 4 nA (Max)
0.3 5 5 nA (Max)
Ay Voltage Gain R, = 10 kQ to 36V (32V for 500 V/imV
LM613C)
2V < Voyr <27V 100 B V/imV
t, Large Signal V¥ = 1.4V, V7 = TTL Swing, 1.5 us
Response Time R. = 5.1 kQ 2.0 us
lsink Output Sink Current Vi =0V, Vo =1V, 20 10 10 mA (Min)
Vour = 1.5V 13 8 8 mA (Min)
Vour = 0.4V 2.8 1.0 0.8 mA (Min)
24 0.5 0.5 mA (Min)
I eak Output Leakage Vi =1V, V7 = 0V, 0.1 10 10 YA (Max)
Current Vourt = 36V (32V for LM613C) 0.2 pA (Max)
VOLTAGE REFERENCE :
Ve Voltage Reference | (Note 10) | 1244 | 12365 | 12191 [ Vv (Min)
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Electrical Characteristics (continued)

These specifications apply for V- = GND = 0V, V* = 5V, Vg =
unless otherwise specified. Limits in standard typeface are ?or T,
Temperature Range.

Vour = 2.5V, Ig = 100 pA, FEEDBACK pin shorted to GND,
= 25°C; limits in boldface type apply over the Operating

LM613AM LM613M
Typical | LM613Al LM6131
Symbol Parameter Conditions (Note 7) Limits LM613C Units
(Note 8) Limits
(Note 8)
VOLTAGE REFERENCE
1.2515 1.2689 V (Max)
(£0.6%) (£2%)
AVR Average Temp. Drift (Note 11) 10 80 150 ppm/°C
AT (Max)
AVR Hysteresis (Note 12) 3.2 uv/'c
ATy
AVR Vg Change Va@oo pay = VRa7 ua) 0.05 1 1 mV (Max)
Alg with Current 0.1 1.1 1.1 mV (Max)
Vi@o may = VR@oo pa) 1.5 5 5 mV (Max)
(Note 13) 2.0 5.5 5.5 mV (Max)
R Resistance AVR(10-0.1 may/9-9 MA 0.2 0.56 0.56 Q (Max)
AVg(100-17 ua)/83 A 0.6 13 13 Q (Max)
Vr_ Vg Change Vawro = v = VRro = 6.3v) 2.5 7 7 mV (Max)
AVRo with High Vgo (5.06V between Anode and 2.8 10 10 mV (Max)
FEEDBACK)
VR Vg Change with Vaw+ = sv) = VR« = 36v) 0.1 1.2 1.2 mV (Max)
AVH Vanope Change (V* = 32V for LM613C) 0.1 13 13 mV (Max)
VRs = sv) = Vs = av) 0.01 1 1 mV (Max)
0.01 1.5 1.5 mV (Max)
les FEEDBACK Bias Vanooe S Vs < 5.06V 22 35 50 nA (Max)
Current 29 40 55 nA (Max)
e, Vg Noise 10 Hz to 10 kHz, 30 UWWams
Vro = Vg

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de-
vice beyond its rated operating conditions.

Note 2: Input voltage above V* is allowed. As long as one input pin voltage remains inside the common-mode range, the comparator will deliver the correct output.
Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below
V7, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined
and unpredictable when any parasitic diode or transistor is conducting.

Note 4: Simultaneous short-circuit of multiple comparators while using high supply voltages may force junction temperature above maximum, and thus should not
be continuous.

Note 5: Junction temperature may be calculated using T; = Ta + Pp 6a. The given thermal resistance is worst-case for packages in sockets in still air. For packages
soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal 6,4 is 90°C/W for the N package, and 135°C/W for the
WM package.

Note 6: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 7: Typical values in standard typeface are for T; = 25°C; values in bold face type apply for the full operating temperature range. These values represent the
most likely parametric norm.

Note 8: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face).

Note 9: Slew rate is measured with the op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output
voltage transition is sampled at 10V and @ 20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V
and 10V.

Note 10: Vg is the Cathode-to-feedback voltage, nominally 1.244V.

Note 11: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is
106'AVR/(VH[25~C]°ATJ), Where AVR is the lowest value subtracted from the highest, Vgjps-c) is the value at 25°C, and AT, is the temperature range. This parameter
is guaranteed by design and sample testing.

Note 12: Hysteresis is the change in Vg caused by a change in T, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the
hysteresis to the typical value, its junction temperature should be cycled in the following pattern, spiraling in toward 25°C: 25°C, 85°C, —-40°C, 70°C, 0°C, 25°C.
Note 13: Low contact resistance is required for accurate measurement.
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LM613

Simplified Schematic Diagrams

Op Amp
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NNational Semiconductor

LM6132 /LM6134

Dual and Quad Low Power 10 MHz Rail-to-Rail 1/0

Operational Amplifiers

General Description

The LM6132/34 provides new levels of speed vs power per-
formance in applications where low voltage supplies or
power limitations previously made compromise necessary.
With only 360 pA/amp supply current, the 10 MHz
gain-bandwidth of this device supports new portable applica-
tions where higher power devices unacceptably drain battery
life.

The LM6132/34 can be driven by voltages that exceed both
power supply rails, thus eliminating concerns over exceeding
the common-mode voltage range. The rail-to-rail output
swing capability provides the maximum possible dynamic
range at the output. This is particularly important when oper-
ating on low supply voltages. The LM6132/34 can also drive
large capacitive loads without oscillating.

Operating on supplies from 2.7V to over 24V, the LM6132/34
is excellent for a very wide range of applications, from bat-
tery operated systems with large bandwidth requirements to
high speed instrumentation.

Features

(For 5V Supply, Typ Unless Noted)

= Rail-to-Rail input CMVR -0.25V to 5.25V
m Rail-to-Rail output swing 0.01V to 4.99V
m High gain-bandwidth, 10 MHz at 20 kHz
= Slew rate 12 V/ps

m Low supply current 360 pA/Amp

u Wide supply range 2.7V to over 24V

= CMRR 100 dB

= Gain 100 dB with R_ = 10k

m PSRR 82 dB

Applications

m Battery operated instrumentation
m Instrumentation Amplifiers

= Portable scanners

m Wireless communications

m Flat panel display driver

Connection Diagrams

8-Pin DIP/SO 14-Pin DIP/SO
. N 1 -/ 14
OUT A =] 8+ ouT A — — ouT D
£\ TAWANT L
N A T ours T "
r +IN A 3 12 +IN D
AN A = A LS s R -
5 10
_ 4 5 +IN B +IN C
VT — — +IN B
6 9
o -|N B — @—-”\l C
Top View OUT B = L our ¢
DS012349-2
Top View
Ordering Information
Package Temperature Range NSC Transport
Industrial, -40°C to +85°C Drawing Media
8-Pin Molded DIP LM6132AIN, LM6132BIN NOSE Rails
8-Pin Small Outline LM6132AIM, LM6132BIM MO8A Rails
LM6132AIMX, LM6132BIMX MO8A Tape and Reel
14-Pin Molded DIP LM6134AIN, LM6134BIN N14A Rails
14-Pin Small Outline LM6134AIM, LM6134BIM M14A Rails
LM6134AIMX, LM6134BIMX M14A Tape and Reel
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LM6132/LM6134

Absolute Maximum Ratings (Note 1) Junction Temperature (Note 4) ) 150°C
If Military/Aerospace specified devices are required, . .

please c:yntact th‘; Natiogal Semiconductor Sale:quﬁcel Operatlng Ratlngs(Note 1)

Distributors for availability and specifications. Supply Voltage 1.8V < Vg < 24V
ESD Tolerance (Note 2) 2500V Junction Temperature Range ,

Differential Input Voltage 15V LM6132, LM6134 -40°C < T, < +85°C
Voltage at Input/Output Pin ©(VH+40.3V, (VO)=0.3V  Thermal resistance (8,4)

Supply Voltage (V*—V-) 35V N Package,.8-pin Molded DIP 115°C/W
Current at Input Pin =10 mA M Package, 8-pin Surface Mount 193°C/W
Current at Output Pin (Note 3) +25 mA N Package, 14-pin Molded DIP 81°C/W
Current at Power Supply Pin 50 mA M Package, 14-pin Surface Mount L 126°CW
Lead Temp. (soldering, 10 sec.) '260°C :

Storage Temperature Range —-65°C to +150°C

5.0V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 6.0V, V™ = 0V, Vg = Vo = V*/2 and R > 1 MQ to Vg/2.
Boldface limits apply at the temperature extremes

LM6134Al | LM6134BI
LM6132A1 | LM6132BI .
Symbol Parameter Conditions (Nyg 5) Limit Limit Units
(Note 6) (Note 6)
Vos Input Offset Voltage ' ) 0.25 2 6 mv
4 8 max
TCVps Input Offset Voltage Average. Drift 5 ' uv/c
Is Input Bias Current 0V <Vgy <5V 110 140 180 nA
. © 300 350 max
los Input Offset Current ' ) 3.4 30 30 nA
’ 50 50 max
Rin Input Resistance, CM 104 MQ
CMRR Common Mode Rejection Ratio 0V <Vey<4Vv 100 75 75
70 70 dB
0V < Vg, <5V 80 60 60 min
55 55
PSRR Power:Supply Rejection Ratio +2.5V < Vg < 212V 82 78 78 dB
. 75 75 min
Vewm Input Common-Mode Voltage -0.25 0 0 v
Range 5.25 5.0 5.0
Ay Large Signal Voltage Gain R, = 10k 100 25 15 V/mV
: 8 6 min
Vo Output Swing 100k Load 4.992 4.98 4.98 \
4.93 4.93 min
0.007 0.017 0.017 \
0.019 0.019 max
10k Load 4.952 4,94 4.94 \
4.85 4.85 min
0.032 0.07 0.07 \Y
0.09 . 0.09 max
5k Load 4.923 © 490 4.90 \
' 4.85 4.85 min
0.051 0.095 0.095 \%
i 0.12 0.12 max
lsc Output Short Circuit Current Sourcing 4 2 2 mA
LM6132 2 1 min
) ’ Sinking ‘ 35 1.8 | 1.8 mA
1.8 1 min
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5.0V DC Electrical Characteristics (continueq)

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V™ = 0V, Vom = Vo = V2 and R. > 1 MQ to Vg/2.

Boldface limits apply at the temperature extremes

LM6134Al | LM6134BI
- LM6132Al | LM6132BI i
Symbol Parameter Conditions (Ngg 5) Limit Limit Units
(Note 6) (Note 6)

lsc Output Short Circuit Current Sourcing 3 2 2 mA

LM6134 1.6 1 min

Sinking 3.5 1.8 1.8 mA

13 1 min

Is Supply Current Per Amplifier 260 400 400 vA
450 450 max

5.0V AC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V™ = 0V, Vg = Vo = V*/2 and R_ > 1 MQ to Vg/2.

Boldface limits apply at the temperature extremes

LM6134Al | LM6134BI
- LM6132AI | LM6132BI .
Symbol Parameter Conditions (N-D{g 5) Limit Limit Units
(Note 6) (Note 6)
SR Slew Rate +4V @ Vg = 6V 14 8 8 Vips
Rg < 1 kQ 7 7 min
GBW Gain-Bandwidth Product f = 20 kHz 10 7.4 7.4 MHz
7 7 min
om Phase Margin R, = 10k 33 deg
Gm Gain Margin R, = 10k 10 dB
e, Input Referred Voltage Noise f=1kHz 27 nv
Wz
in Input Referred Current Noise f=1kHz 0.18 pA
Hz

1-89

www.national.com

PELONT/CELONT



LM614

National Semiconductor

LM614

Quad Operational Amplifier and Adjustable Reference

General Description

The LM614 consists of four op-amps and a programmable
voltage reference in a 16-pin package. The op-amp
out-performs most single-supply op-amps by providing
higher speed and bandwidth along with. low supply current.
This device was specifically designed to lower cost and
board space requirements in transducer, test, measurement
and data acquisition systems.

Combining a stable voltage reference with four wide output
swing op-amps makes the LM614 ideal for single supply
transducers, signal conditioning and bridge driving where
large common-mode-signals are common. The voltage ref-
erence consists of a reliable band-gap design that maintains
low dynamic output impedance (1Q typical), excellent initial
tolerance (0.6%), and the ability to be programmed from
1.2V to 6.3V via two external resistors. The voltage refer-
ence is very stable even when driving large capacitive loads,
as are commonly encountered in CMOS data acquisition
systems.

As a member of National's new Super-Block ™ family, the
LM614 is a space-saving monolithic alternative to a multichip
solution, offering a high level of integration without sacrificing
performance.

Features

Op Amp

m Low operating current: 300 pA

m Wide supply voltage range: 4V to 36V

m Wide common-mode range: V ~ to (V*- 1.8V)

m Wide differential input voltage: +36V

= Available in plastic package rated for Military
Temperature Range Operation

Reference

m Adjustable output voltage:

= Tight initial tolerance available:

m Wide operating current range:

m Tolerant of load capacitance

1.2V to 6.3V
+0.6%
17 pAto 20 mA

Applications

m Transducer bridge driver and signal processing
m Process and mass flow control systems

m Power supply voltage monitor

m Buffered voltage references for A/D’s

Connection Diagram

FEEDBACK

Ordering Information

W4 A

- P substrate

v+

I

/A

anode

o |~ o |o ja o s

ATHODE

DS009326-1

Reference Temperature Range Package NSC
Tolerance & Vos Military Industrial Commercial Drawing
-55°C < Tp < +125°C -40°C < To < +85°C 0°C<Tp<+70°C
+0.6%@ —
80 ppm/°C max
V 0s < 3.5 mV max LM614AMJ/883(Note 13) — — 16-pin Ceramic DIP J16A
+2.0%@ — LM614IWM LM614CWM 16-pin Wide M16B
LM614IWMX LM614CWMX
150 ppm/°C max Surface Mount
V os<5.0mV
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Absolute Maximum Ratings (Note 1) Maximum Junction Temperature 150°C
If Military/Aerospace specified devices are required, Thermal Resistance, Junction-to-Ambient (Note 4)
please contact the National Semiconductor Sales Office/ N Package 100°C
Distributors for availability and specifications. WM Package 150°C
Voltage on Any Pins except Vg Soldering Information (Soldering, 10 seconds)
(referred to V- pin) N Package 260°C
(Note 2) 36V (Max) WM Package 220°C
(Note 3) -0.3V (Min) ESD Tolerance (Note 5) +1kV
Current through Any Input Pin & .
V g Pin £20 mA Operatlng Temperature Range
Differential Input Voltage LM614Al, LM6141, LM614BlI -40°C < T, <+85°C
Military and Industrial +36V LM614AM, LM614M -55°C < T, < +125°C
Commercial =32V met4c 0°C<T,<+70°C
Storage Temperature Range -65°C <T,<+150°C
Electrical Characteristics
These specifications apply for V- = GND = 0V, V* = 5V, Vg = Vour = 2.5V, Iz = 100 pA, FEEDBACK pin shorted to GND,

unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits |n boldface type apply over the Operating

Temperature Range .

Symbol Parameter Conditions Typical | LM614AM | LM614M Units
(Note 6) | | mg14AI | LMG14BI
Limits LM6141
(Note 7) | LM614C
Limits
(Note 7)
ls Total Supply R Loap =, 450 940 1000 HA max
Current 4V < V* <36V (32V for LM614C) 550 1000 1070 MA max
Vg Supply Voltage Range 2.2 2.8 2.8 V min
2.9 3 3 V min
46 36 32 V max
43 36 32 V max
OPERATIONAL AMPLIFIER
V os1 V os Over Supply 4V < V*+ <36V 1.5 3.5 5.0 mV max
(4V < V* < 32V for LM614C) 2.0 6.0 7.0 mV max
Vos2 V os Over Vgy V cm = 0V through Vg = 1.0 3.5 5.0 mV max
(V*-1.8V), V" =30V 15 6.0 7.0 mV max
Vosa Average Vg Drift (Note 7) 15 uv/’c
AT max
lg Input Bias Current 10 25 35 nA max
11 30 40 nA max
los Input Offset Current 0.2 4 4 nA max
0.3 5 5 nA max
Average Offset
%—1 Drift Cgurrent 4 PA/C
Rin Input Resistance Differential 1800 MQ
Common-Mode 3800 MQ
Cin Input Capacitance Common-Mode Input 5.7 pF
en Voltage Noise f = 100 Hz, Input Referred 74 nVv/JHz
In Current Noise f = 100 Hz, Input Referred 58 A/ Az
CMRR Common-Mode V* =30V, 0V <Vey<(VH-1.8V), 95 80 75 dB min
Rejection Ratio CMRR = 20 log (AVeu/AVos) 90 75 70 dB min
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LM614

Electrical Characteristics (continued)

These specifications apply for V- = GND = 0V, V* = 5V, Vg = Vout = 2.5V, Iz = 100 pA, FEEDBACK pin shorted to GND,
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the :Operating
Temperature Range .

Symbol Parameter Conditions Typical | LM614AM | LM614M Units
(Note 6) | | me14Al | LM614BI
Limits LM6141
(Note 7) LM614C
Limits
(Note 7)
OPERATIONAL AMPLIFIER
PSRR Power Supply 4V < V* <30V, Ve = V2, 110 80 75 dB min
Rejection Ratio PSRR = 20 log (AV*/AVg) 100 75 70 dB min
Ay Open Loop R =10 kQ to GND, V* = 30V, 500 100 94 V/imV
Voltage Gain 5V < Vgur £ 25V 50 40 40 min
SR Slew Rate V * = 30V (Note 8) +0.70 +0.55 +0.50 Vius
+0.65 +0.45 +0.45
GBW Gain Bandwidth C_=50pF 0.8 MHz
0.52 MHz
Vo1 Output Voltage R =10kQ to GND V*- V*-17 | V*-18 V min
1.4
Swing High V *+ =36V (32V for LM614C) Vt-16 | V*-19 v+ -1.9 V min
Vo2 Output Voltage R_=10kQ to V* V-~ + V-+09 V-4 V max
0.8 0.95
Swing Low V* =36V (32V for LM614C) V-+09 | V-+1.0 V- +1.0 V max
|l out Output Source V out =25V, V=0V, 25 20 16 mA min
V _n = -0.3V 15 13 13 mA min
| sink Output Sink V our = 1.6V, V= 0V, 17 14 13 mA min
Current V =03V 9 8 8 mA min
| sHorT Short Circuit Current Vour =0V, V,n =3V, 30 50 50 mA max
V _x = 2V, Source 40 60 60 mA max
V our = 5V, Vyn = 2V, 30 60 70 mA max
V _n = 3V, Sink 32 80 920 mA max
VOLTAGE REFERENCE
Vg Voltage Reference (Note 9) 1.244 1.2365 1.2191 V min
1.2515 1.2689 V max
(£0.6%) (£2.0%)
AVR Average Temperature | (Note 10) 10 80 150 PPM/"C
aT Drift max
i ote 11
AA_\-?: Hysteresis (Note 11) 32 WG
V g Change V R@00 uay = VR(17 pa) 0.05 1 1 mV max
AVR with Current 0.1 1.1 1.1 mV max
Alg VRao may = Va(oo uay 1.5 5 5 mV max
(Note 12) 2.0 55 - 5.5 mV max
R Resistance AV R(10-50.1 may/9-9 MA 0.2 0.56 0.56 Q max
AV R(100-17 1ay/83 YA 0.6 13 13 Q max
AV V.R Change V gvro = vy = VRevro = 6.3v) 25 7 7 mV max
AVro with High Vgo (5.06V between Anode and 2.8 10 10 mV max

FEEDBACK)
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Electrical Characteristics (continued)

These specifications apply for V- = GND = 0V, V* = 5V, Vg = Vout = 2.5V, Iz = 100 pA, FEEDBACK pin shorted to GND,
unless otherwise specified. Limits in standard typeface are for T, = 25°C; limits in boldface type apply over the Operating
Temperature Range .

VIO

Symbol Parameter Conditions Typical | LM614AM | LM614M Units
(Note 6) | | me14AI | LM614BI
Limits LM6141
(Note 7) | LM614C
Limits
(Note 7)
VOLTAGE REFERENCE
V & Change with Vaw + - sv) = VA + - aov) 0.1 1.2 1.2 mV max
AVp V* Change (V* = 32V for LM614C) 0.1 13 13 mV max
AV+ Vaw + = sv) = VR + = av) 0.01 1 1 mV max
0.01 15 1.5 mV max
les FEEDBACK Bias V anooe < Veg < 5.06V 22 35 50 nA max
Current 29 40 55 nA max
e, Voltage Noise BW = 10 Hz to 10 kHz, 30 UV gus
Vro = Vg

Note 1: Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the de-
vice beyond its rated operating conditions.

Note 2: Input voltage above V* is allowed.

Note 3: More accurately, it is excessive current flow, with resulting excess heating, that limits the voltages on all pins. When any pin is pulled a diode drop below
V~, a parasitic NPN transistor turns ON. No latch-up will occur as long as the current through that pin remains below the Maximum Rating. Operation is undefined
and unpredictable when any parasitic diode or transistor is conducting.

Note 4: Junction temperature may be calculated using T, = Ta + P p6ja. The given thermal resistance is worst-case for packages in sockets in still air. For packages
soldered to copper-clad board with dissipation from one comparator or reference output transistor, nominal ;4 are 90°C/W for the N package, WM package.
Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 6: Typical values in standard typeface are for T; = 25°C; values in boldface type apply for the full operating temperature range. These values represent the
most likely parametric norm.

Note 7: All limits are guaranteed at room temperature (standard type face) or at operating temperature extremes (bold type face).

Note 8: Slew rate is measured with op amp in a voltage follower configuration. For rising slew rate, the input voltage is driven from 5V to 25V, and the output voltage
transition is sampled at 10V and @20V. For falling slew rate, the input voltage is driven from 25V to 5V, and the output voltage transition is sampled at 20V and 10V.
Note 9: Vp is the Cathode-feedback voltage, nominally 1.244V.

Note 10: Average reference drift is calculated from the measurement of the reference voltage at 25°C and at the temperature extremes. The drift, in ppm/°C, is
106°AV r/(VR2s°c] *AT,), Where AV g is the lowest value subtracted from the highest, VRpzs-c) is the value at 25°C, and AT, is the temperature range. This parameter
is guaranteed by design and sample testing.

Note 11: Hysteresis is the change in Vg caused by a change in T, after the reference has been “dehysterized”. To dehysterize the reference; that is minimize the
hysteresis to the typical value, cycle its junction temperature in the following pattern, spiraling in toward 25°C: 25°C, 85°C, -40°C, 70°C, 0°C, 25°C.

Note 12: Low contact resistance is required for accurate measurement.

Note 13: A military RETSLM614AMX electrical test specification is available on request. The LM614AMJ/883 can also be procured as a Standard Military Drawing.
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LM6142 and LM6144

NNational Semiconductor

LM6142 and LM6144

17 MHz Rail-to-Rail Input-Output Operational Amplifiers

General Description

Using patent pending new circuit topologies, the LM6142/44
provides new levels of performance in applications where
low voltage supplies or power limitations previously made
compromise necessary. Operating on supplies of 1.8V to
over 24V, the LM6142/44 is an excellent choice for battery
operated systems, portable instrumentation and others.

The greater than rail-to-rail input voltage range eliminates
concern over exceeding the common-mode voltage range.
The rail-to-rail output swing provides the maximum possible
dynamic range at the output. This is particularly important
when operating on low supply voltages.

High gain-bandwidth with 650 pA/Amplifier supply current
opens new battery powered applications where previous
higher power consumption reduced battery life to unaccept-
able levels. The ability to drive large capacitive loads without
oscillating functionally removes this common problem.

Features

At Vg = 5V. Typ unless noted.
m Rail-to-rail input CMVR -0.25V to 5.25V
® Rail-to-rail output swing 0.005V to 4.995V
m Wide gain-bandwidth: 17 MHz at 50 kHz (typ)
u Slew rate:

Small signal, 5V/us

Large signal, 30V/ps
Low supply current 650 uA/Amplifier
Wide supply range 1.8V to 24V
CMRR 107 dB
Gain 108 dB with R, = 10k
PSRR 87 dB

Applications

m Battery operated instrumentation
Depth sounders/fish finders
Barcode scanners

Wireless communications

[]
[ ]
[ ]
= Rail-to-rail in-out instrumentation amps

Connection Diagrams
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

ESD Tolerance (Note 2) 2500V
Differential Input Voltage 15V
Voltage at Input/Output Pin (V+) + 0.3V, (V-) - 0.3V

Supply Voltage (V+ - V-) 35V
Current at Input Pin +10 mA
Current at Output Pin (Note 3) +25 mA
Current at Power Supply Pin 50 mA
Lead Temperature

(soldering, 10 sec) 260°C

5.0V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T; = 25°C, V+ = 5.0V, V- = 0V, Vg = Vo = V+/2 and R > 1 MQ to

V+/2. Boldface limits apply at the temperature extremes.

Storage Temp. Range
Junction Temperature (Note 4)

Operating Ratings (Note 1)

Supply Voltage

Junction Temperature Range
LM6142, LM6144

Thermal Resistance (6,,)
N Package, 8-Pin Molded DIP
M Package, 8-Pin Surface Mount
N Package, 14-Pin Molded DIP
M Package, 14-Pin Surface Mount

-65°C to +150°C

1.8V < V+ <24V

-40°C < T, < +85°C

150°C

115°C/W
193°C/W

81°C/W
126°C/W

LM6144Al LM6144BI
Symbol Parameter Conditions Typ LM6142Al LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
Vos Input Offset Voltage 0.3 1.0 2.5 mV
2.2 3.3 max
TCVos Input Offset Voltage 3 pv/c
Average Drift
Ig Input Bias Current 170 250 300 nA
0V < Vg <5V 180 280 max
526 526
los Input Offset Current 3 30 30 nA
80 80 max
Rin Input Resistance, Cy, 126 MQ
CMRR Common Mode 0V < Vgy <4V 107 84 84
Rejection Ratio 78 78
0V < Vgy <5V 82 66 66 dB
79 64 64 min
PSRR Power Supply 5V < V* <24V 87 80 80
Rejection Ratio 78 78
Vem Input Common-Mode -0.25 0 0 \
Voltage Range 5.25 5.0 5.0
Ay Large Signal R, = 10k 270 100 80 V/mV
Voltage Gain 70 33 25 min
Vo Output Swing R_ = 100k 0.005 0.01 0.01 Vv
0.013 0.013 max
4.995 4.98 4.98 \"
4.93 4.93 min
R, = 10k 0.02 V max
4.97 V min
R =2k 0.06 0.1 0.1 Vv
0.133 0.133 max
4.90 4.86 4.86 \"
4.80 4.80 min
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LM6142 and LM6144

5.0V DC Electrical Characteristics (continued)
Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 5.0V, V- = 0OV, VCM = Vo = V+/2 and R_ > 1 MQ to

V+/2. Boldface limits apply at the temperature extremes.

LM6144Al LM6144BI
Symbol Parameter Conditions Typ LM6142Al LM6142BI Units
(Note 5) Limit Limit ‘
(Note 6) (Note 6)
lsc Output Short Sourcing 13 10 8 mA
Circuit Current 4.9 4 min
LM6142 35 35 mA
max
Sinking 24 10 10 mA
5.3 53 min
35 35 mA
max
lsc Output Short Sourcing 8 6 6 mA
Circuit Current 3 3 min
LM6144 35 35 mA
max
Sinking 22 8 8 mA
4 4 min
35 35 mA
max
Is Supply Current Per Amplifier 650 800 800 VA
880 880 max

5.0V AC Electrical Characteristics

Unless Otherwise Specified, All Limits Guaranteed for T, = 25°C, V+ = 5.0V, V- = 0V, Vom = Vo = V+/2 and R > 1 MQ to
Vg/2. Boldface limits apply at the temperature extremes.

LM6144A1 | LM6144BI
Symbol Parameter Conditions Typ LM6142A1 | LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
SR Slew Rate 8 Vp.p @ Vg 12V 25 15 13 Vips
Rs > 1kQ 13 11 min
GBW Gain-Bandwidth Product f =50 kHz 17 10 10 MHz
6 6 min
Om Phase Margin 38 Deg
Amp-to-Amp Isolation 130 dB
e, Input-Referred f=1kHz 16 nv
Voltage Noise VHz
in Input-Referred f=1kHz 0.22 pA
Current Noise Tz
T.H.D. Total Harmonic Distortion f=10kHz, R_ = 10 kQ, 0.003 %
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National Semiconductor

LM6152/LM6154

Dual and Quad 75 MHz GBW Rail-to-Rail I/0 Operational

Amplifiers

General Description

Using patented circuit topologies, the LM6152/54 provides
new levels of speed vs. power performance in applications
where low voltage supplies or power limitations previously
made compromise necessary. With only 1.4 mA/amplifier
supply current, the 75 MHz gain bandwidth of this device
supports new portable applications where higher power de-
vices unacceptably drain battery life. The slew rate of the de-
vices increases with increasing input differential voltage,
thus allowing the device to handle capacitive loads while
maintaining large signal amplitude.

The LM6152/54 can be driven by voltages that exceed both
power supply rails, thus eliminating concerns about exceed-
ing the common-mode voltage range. The rail-to-rail output
swing capability provides the maximum possible dynamic
range at the output. This is particularly important when oper-
ating on low supply voltages.

Operating on supplies from 2.7V to over 24V, the LM6152/54
is excellent for a very wide range of applications, from bat-
tery operated systems with large bandwidth requirements to
high speed instrumentation.

Features

At Vg = 5V, Typ unless noted

m Greater than Rail-to-Rail Input CMVR  -0.25V to 5.25V
m Rail-to-Rail Output Swing  0.01V to 4.99V

® Wide Gain-Bandwidth: 75 MHz @ 100 kHz

m Slew Rate:

Small signal 5V/us
Large signal 45V/us

m Low supply current 1.4mA/amplifier

= Wide supply range 2.7V to 24V

m Fast settling time of 1.1ps for 2V step (to 0.01%)
® PSRR 91 dB

= CMRR 84 dB

Applications

m Portable high speed instrumentation
m Signal conditioning amplifier/ADC buffers
® Barcode scanners

Connection Diagrams

8-Pin DIP/SO
1 - 8
+
ouT A — —V

2 7

=IN A — [— ouT B
3 6

+IN A — A — -IN B
-4 5

VT — — +IN B

DS012350-3

Top View

14-Pin DIP/SO

1 -/ 14

ouT A ouT D
2 13

-IN A —] —-in D
3 12

+IN D

+IN A

+IN B +IN C
6 9
B_ ﬁ_
7 8

ouT C

ouT B

DS012350-4

Top View
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LM6152/LM6154

Absolute Maximum Ratings (Note 1)

Storage Temperature

-65°C to +150°C

If Military/Aerospace specified devices are required, Range
please contact the National Semiconductor Sales Office/ Junction Temperature

Distributors for availability and specifications. (Note 4)

ESD Tolerance (Note 2) 2500V . .

Differential Input Voltage 15V Operating Ratings (ote 1)

Voltage at Input/Output

Supply Voltage

Pin (V*) + 0.3V, (V) -0.3V Junction Temperature Range
Supply Voltage (V* - V7) 35V LM6152,LM6154

Current at Input Pin +10mA Thermal Resistance (0,,)
Current at Output Pin N Pkg, 8-pin Molded Dip
(Note 3) +25mA M Pkg, 8-pin Surface Mount
Current at Power Supply N Pkg, 14-pin Molded Dip
Pin 50mA M Pkg, 14-pin Surface Mount
Lead Temperature

(soldering, 10 sec) 260°C

5.0V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T; = 25°C, V* = 5.0V, V- =0V, Vgm = Vo = V*/2 and R_ > 1 MQ to V*/2.

Boldface limits apply at the temperature extremes.

150°C

2.7V < Vg < 24V

0°'C<T,<+70C

115°C/W
193°C/W

81°C/W
126°C/W

Typ LM6154AC | LM6154BC
- (Note 5) LM6152AC | LM6152BC .
Symbol Parameter Conditions Limit Limt Units
(Note 6) (Note 6)
Vos Input Offset Voltage 2 5 mvV
0.54
4 7 max
TCVos Input Offset Voltage Average Drift 10 uv/c
Is Input Bias Current 0V < Vgy S5V 500 980 980 nA
750 1500 1500 max
los Input Offset Current 32 100 100 nA
40 160 160 max
Rin Input Resistance, CM 0V < Vgy <4V 30 MQ
CMRR Common Mode Rejection Ratio 0V < Ve <4V 94 70 70 dB mi
in
OV < Vg < 5V 84 60 60
PSRR Power Supply Rejection Ratio 5V <Vt <24V 91 80 80 dB min
Vem Input Common-Mode Voltage Range | Low -0.25 0 0 Vv
High 5.25 5.0 5.0 v
Ay Large Signal Voltage Gain R, = 10kQ 214 50 50 V/imV
min
Vo Output Swing 0.006 0.02 0.02 \
0.03 0.03 max
Ru = 100k 4.97 4.97 v
4.992 4.96 4.96 min
0.10 0.10 \
0.04
0.12 0.12 max
R = 2kQ
4.89 4.80 4.80 \"
’ 4.70 4.70 min
Isc Output Short Circuit Current Sourcing 3 3 mA
25 25 min
6.2
27 27 mA
17 17 max
Sinking 7 7 mA
5 5 min
16.9 A
40 40 m
max
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5.0V DC Electrical Characteristics (continued)

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V™ =0V, Vg = Vo = V*/2 and R_ > 1 MQ to V*/2.
Boldface limits apply at the temperature extremes.

Typ LM6154AC | LM6154BC
o (Note 5) LM6152AC | LM6152BC .
Symbol Parameter Conditions Limit Limt Units
(Note 6) (Note 6)
lg Supply Current Per Amplifier 14 2 2 mA
' 2.25 2.25 max

5.0V AC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V- =0V, Vg = Vo = V*/2 and R_ > 1 MQ to V*/2.
Boldface limits apply at the temperature extremes.

Typ LM6154AC | LM6154BC
- (Note 5) LM6152AC | LM6152BC .
Symbol Parameter Conditions Limit Limt Units
(Note 6) (Note 6)
SR Slew Rate +4V Step @ Vg = 6V, 30 24 24 V/us
Rs < 1kQ 15 15 min
GBW Gain-Bandwidth Product f =100 kHz 75 MHz
Amp-to-Amp Isolation R = 10kQ 125 dB
e, Input-Referred Voltage Noise f=1kHz 9 nV/Hz
in Input-Referred Current Noise f=1kHz 0.34 PA/HZ
TH.D Total Harmonic Distortion f = 10 kHz, R_ = 10kQ 0.002 %
ts Settling Time 2V Step to 0.01% 1.1 us

2.7V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V- = 0V, Vg = Vo = V*/2 and R_ > 1 MQ to V*/2.
Boldface limits apply at the temperature extremes.

Typ LM6154AC | LM6154BC
Symbol Parameter Conditions (Note 5) LMEi1“5ﬂ2tAC LMﬁ:::BC Units
(Note 6) (Note 6)
Vos Input Offset Voltage 2 5 mV
08 5 8 max
TCVos Input Offset Voltage Average Drift 10 uvr'c
Ig Input Bias Current 500 nA
los Input Offset Current 50 nA
Rin Input Resistance, CM 0V <Vgy <18V 30 MQ
CMRR Common Mode Rejection Ratio 0V <Vgy <18V 88 oB
OV < Vgy 2.7V 78
PSRR Power Supply Rejection Ratio 3V <V*r<5vV 69 dB
Vem Input Common-Mode Voltage Range | Low -0.25 0 0 \
High 2.95 27 2.7 \'
Ay Large Signal Voltage Gain R = 10kQ 5.5 V/mV
Vo Output Swing R. = 10kQ 0.032 0.07 0.07 Vv
0.11 0.11 max
2.64 2.64 \
268 2.62 2.62 min
Is Supply Current Per Amplifier 1.35 mA
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LM6118/LM6218

NNational Semiconductor

LM6118/LM6218

Fast Settling Dual Operational Amplifiers

General Description

The LM6118/LM6218 are monolithic  fast-settling
unity-gain-compensated dual operational amplifiers with £20
mA output drive capability. The PNP input stage has a typical
bias current of 200 nA, and the operating supply voltage is
+5V to £20V.

These dual op amps use slew enhancement with special
mirror circuitry to achieve fast response and high gain with
low total supply current.

The amplifiers are built on a junction-isolated VIP™ (Verti-
cally Integrated PNP) process which produces fast PNP’s
that complement the standard NPN’s.

Features

W Low offset voltage:

W 0.01% settling time:

MW Slew rate A, = -1:

M Slew rate A, = +1:

B Gain bandwidth:

W Total supply current:

W Output drives 50Q load (£1V)

Applications
® D/A converters

=m Fast integrators

m Active filters

Typical
0.2mV
400 ns
140 V/us
75 Vlus
17 MHz
5.5 mA

Connection Diagrams and Order
Information

Small Outline Package (WM)

/

el e+
outPuT 4 LR

ne—y 12 Guteur
INPUT(=) =4 FON L e

5 10

INPUT(+) =] = INpUT(-)

ne=y 2 NPUT(+)

v- ——nC

DS010254-3
Top View

Order Number LM6218WM, LM6218WMX
See NS Package Number M14B

Typical Applications

Vin—re

DS010254-1
Single ended input to differential output
Ay =10, BW = 3.2 MHz
40 Vpp Response = 1.4 MHz

Dual-In-Line Package (J or N) Vs = #15V
Wide-Band, Fast-Settling
ourpur -/ s+ 40 Vpp Amplifier
INPUT(=) 3 L outpur
A\
weut(e) -3 1S pUT(-)
v- 4 S INPUT(+)
DS010254-4
Top View
Order Number LM6118J/883 or LM6218N
See NS Package Number NOSE, JOSBA
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Absolute Maximum Ratings (ote 1) (C = 100 pF, R = 1.5 kQ) +£2 KV
If Military/Aerospace specified devices are required, Junction Temperature 150°C
please contact the National Semiconductor Sales Office/ Storage Temperature Range -65°C to +150°C
Distributors for availability and specifications. Lead Temperature

Total Supply Voltage 42V (Soldering, 10 sec.) 300°C
Input Voltage (Note 2) .

Differential Input Current (Note 3) +10 mA Operatlng Temp‘ Range

Output Current (Note 4) Internally Limited LM6118 -55°C to +125°C
Power Dissipation (Note 5) 500 mwW LM6218 -40°C to +85°C

ESD Tolerance

Electrical Characteristics

+5V < Vg < 220V, Vo = OV, Vot = 0V, oyt = OA, unless otherwise specified. Limits with standard type face are for T; =
25°C, and Bold Face Type are for Temperature Extremes.

Typ LM6118 LM6218
Parameter Conditions 25°C Limits Limits Units
(Note 6) (Note 6)
Input Offset Voltage Vg = £15V 0.2 1 3 mV (max)
2 4
Input Offset Voltage V- + 3V < Vg < V+ - 35V 0.3 1.5 35 mV (max)
2.5 4.5
Input Offset Current V- + 3V <Vgy £V+ - 35V 20 50 100 nA (max)
250 200
Input Bias Current V- + 3V <Vgy < V+ - 8.5V 200 350 500 nA (max)
950 1250
Input Common Mode V- + 3V < Vgy £V+-35V 100 90 80 dB (min)
Rejection Ratio Vg = £20V 85 75
Positive Power Supply V- = -15V 100 90 80 dB (min)
Rejection Ratio 5V < V+ <20V 85 75
Negative Power Supply V+ = 15V 100 90 80 dB (min)
Rejection Ratio -20V < V- < -5V 85 75
Large Signal Vour = =15V R. = 10k 500 150 100 V/mV (min)
Voltage Gain Vg = £20V 100 70
Vout = £10V R_ = 500 200 50 40 V/mV (min)
Vg = #15V (£20 mA) 30 25
Vo Output Voltage Supply = £20V R, = 10k 17.3 +17 +17 V (min)
Swing
Total Supply Current Vg = £15V 55 7 7 mA (max)
7.5 7.5
Output Current Limit Vg = £15V, Pulsed 65 100 100 mA (max)
Slew Rate, Av = -1 Vg = £15V, V, = 210V 140 100 100 V/us (min)
Rs = R; = 2k, C; = 10 pF 50 50
Slew Rate, Av = +1 Vg = 215V, V,; = £10V 75 50 50 V/ps (min)
Rs = R; = 2k, C; = 10 pF 30 30
Gain-Bandwidth Product Vg = £15V, f, = 200 kHz 17 14 13 MHz (min)
0.01% Settling Time AVgy = 10V, Vg = £15V, 400 ns
Ay = -1 Rs = R = 2k, C; = 10 pF
Input Capacitance Inverter 5 pF
Follower 3 pF

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions.

Note 2: Input voltage range is (V* - 1V) to (V7).

Note 3: The inputs are shunted with three series-connected diodes back-to-back for input differential clamping. Therefore differential input voltages greater than
about 1.8V will cause excessive current to flow unless limited to less than 10 mA.
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LM6118/LM6218

Electrical Characteristics (continued)

Note 4: Current limiting protects the output from a short to ground or any voltage less than the supplies. With a continuous overload, the package dissipation must
be taken into account and heat sinking provided when necessary.

Note 5: Devices must be derated using a thermal resistance of 90°C/W for the N and WM packages.

Note 6: Limits are guaranteed by testing or correlation.
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&National Semiconductor

LM675
Power Operational Amplifier

General Description

The LM675 is a monolithic power operational amplifier fea-
turing wide bandwidth and low input offset voltage, making it
equally suitable for AC and DC applications.

The LM675 is capable of delivering output currents in excess
of 3 amps, operating at supply voltages of up to 60V. The de-
vice overload protection consists of both internal current lim-
iting and thermal shutdown. The amplifier is also internally
compensated for gains of 10 or greater.

Features

m 3A current capability

u Ayo typically 90 dB

® 5.5 MHz gain bandwidth product
m 8 V/ps slew rate

m Wide power bandwidth 70 kHz

= 1 mV typical offset voltage

= Short circuit protection

m Thermal protection with parole circuit (100% tested)
m 16V-60V supply range

m Wide common mode range

m Internal output protection diodes

= 90 dB ripple rejection

m Plastic power package TO-220

Applications

m High performance power op amp
m Bridge amplifiers

m Motor speed controls

m Servo amplifiers

m Instrument systems

Connection Diagram

TO-220 Power Package (T)

T T 5 Veeo
T T > 0uTPUT
T T > -Vee
— — —
[ T T > +IN

DS006739-1

O

*The tab is internally connected to pin 3 (-Vgg)
Front View

Order Number LM675T
See NS Package TO5D

- NW s

Typical Applications

Non-Inverting Amplifier
+Vee

RL
40-80
1

I 0.22 4F

DS006739-2
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LM675

Absolute Maximum Ratings (Note 1)

Storage Temperature

-65°C to +150°C

If Military/Aerospace specified devices are required, Junction Temperature 150°C

please contact the National Semiconductor Sales Office/ Power Dissipation (Note 2) 30W

Distributors for availability and specifications. Lead Temperature

Supply Votage S0V g o be mined o

Input Voltage —Vgg to Ve

Operating Temperature 0°C to +70°C

Electrical Characteristics

Vg=%25V, T,=25°C unless otherwise specified.

Parameter Conditions Typical Tested Limit Units

Supply Current Pout = OW 18 50 (max) mA
Input Offset Voltage Vem = 0V 1 10 (max) mV
Input Bias Current Vem = OV 0.2 2 (max) YA
Input Offset Current Vom = OV 50 500 (max) nA
Open Loop Gain R = «Q 90 70 (min) dB
PSRR AVg = x5V 90 70 (min) dB
CMRR Vin = £20V 90 70 (min) dB
Output Voltage Swing R_=8Q +21 +18 (min) Vv
Offset Voltage Drift Versus Temperature Rs < 100 kQ 25 uvrc
Offset Voltage Drift Versus Output Power 25 uviwWw
Output Power THD = 1%, fo = 1 kHz, R_ = 8Q 25 20 w
Gain Bandwidth Product fo = 20 kHz, AycL = 1000 55 MHz
Max Slew Rate 8 - Vips
Input Common Mode Range +22 +20 (min) Vv

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is

given, however, the typical value is a good indication of device performance.

Note 2: Assumes Tp equal to 70°C. For operation at higher tab temperatures, the LM675 must be derated based on a maximum junction temperature of 150°C.

Typical Applications

Generating a Split Supply From a Single Supply

+16V — +60V
(o)
» v+
>
2
b3
+
LMB75 > GND
AAA _
VW
1k 1
‘P
2
<
A 0.22 4F
VWA~
15k v-

Vg = 8V — 30V

DS006739-3
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NNational Semiconductor

LM725
Operational Amplifier

General Description

The LM725/LM725A/LM725C are operational amplifiers fea-
turing superior performance in applications where low noise,
low drift, and accurate closed-loop gain are required. With
high common mode rejection and offset null capability, it is
especially suited for low level instrumentation applications
over a wide supply voltage range.

The LM725A has tightened electrical performance with
higher input accuracy and like the LM725, is guaranteed
over a -55°C to +125°C temperature range. The LM725C
has slightly relaxed specifications and has its performance
guaranteed over a 0°C to 70°C temperature range.

Features
m High open loop gain 3,000,000
= | ow input voltage drift 0.6 pV/°C

High common mode rejection 120 dB
Low input noise current 0.15 pA~NHz
Low input offset current 2 nA

High input voltage range 14V

Wide power supply range +3V to £22V
Offset null capability

Output short circuit protection

Connection Diagram

Metal Can Package

TOP VIEW

DS010474-1

Order Number LM725H/883, LM725CH or LM725AH/883
See NS Package Number HO8C

Dual-In-Line Package

-/
OFFSET NULL —{1 8 |~ OFFSET NULL
INVERTING INPUT —] 2 7v*
NON=INVERTING INPUT — 3 6 p—OUTPUT
V- —4 5 = CoMP

DS010474-2

Order Number LM725CN
See NS Package Number NOSE

Typical Applications

Thermocouple Amplifier
ct
500pF

¢
LAY

R2

AAA
VVv

SENSOR
THERMOCOUPLE

511k

5110
(NOTE)

REFERENCE
THERMOCOUPLE

R3
511ka
(NOTE)

DS010474-10
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LM725

Absolute Maximum Ratings (Note 1)

Lead Temperature

If Military/Aerospace specified devices are required, (Soldering, 10 Sec.) 260°C
please contact the National Semiconductor Sales Office/ Maximum Junction Temperature 150°C
Distributors for availability and specifications. .
Operating Temperature Range Taviny Tamax)
Supply Voltage 22V LM725 -55°C to +125°C
Internal Power Dissipation (Note 2) 500 mW LM725A -55°C to. +125°C
Differential Input Voltage +5V LM725C 0C  t 6 470°C
Input Voltage (Note 3) +22V
Storage Temperature Range -65°C to +150°C
Electrical Characteristics (ote 4)
Parameter | Conditions LM725A LM725 LM725C Units
Min Typ Max Min Typ Max Min Typ Max
Input Offset Voltage Ta=25C, 0.5 05 1.0 05 25 mV
(Without External Trim) Rs <10 kQ
Input Offset Current Ta=25C 20 5.0 20 20 20 35 nA
Input Bias Current Ta=25C 42 80 42 100 42 125 nA
Input Noise Voltage Ta=25C
f, = 10 Hz 15 15 15 nVAHz
f, = 100 Hz 9.0 9.0 9.0 nVAHz
f, = 1 kHz 8.0 8.0 8.0 nVAHz
Input Noise Current Ta=25C
f, = 10 Hz 1.0 1.0 1.0 pA~Hz
f, = 100 Hz 0.3 0.3 0.3 pANHZ
f, = 1 kHz 0.15 0.15 0.15 pANHz
Input Resistance Ta=25C 1.5 1.5 15 MQ
Input Voltage Range Ta=25C +135 14 +135  £14 +135  *14 v
Large Signal Voltage Ta =25C,
Gain R. 22 kQ, 1000 3000 1000 3000 250 3000 V/mV
VOUT =10V )
Common-Mode Ta =25°C, 120 110 120 94 120 dB
Rejection Ratio Rg <10 kQ
Power Supply Ta=25C, 20 5.0 20 10 20 35 A%
Rejection Ratio Rs <10 kQ
Output Voltage Swing Ta=25C,
R, 2 10 kQ +125 135 +12 +13.5 +12 +135 \
R, =22 kQ +12.0 135 +10 +13.5 =10 %135 \'
Power Consumption Ta=25C 80 105 80 105 80 150 mwW
Input Offset Voltage Rg <10 kQ 0.7 1.5 35 mV
(Without External Trim)
Average Input Offset Rg = 50Q
Voltage Drift 2.0 20 50 2.0 uv/c
(Without External Trim)
Average Input Offset Rg = 50Q
Voltage Drift 06 1.0 0.6 0.6 uvrc
(With External Trim)
Input Offset Current Ta = Tmax 12 4.0 12 20 12 35 nA
Ta=Tuin 7.5 18.0 75 40 40 50 nA
Average Input Offset 35 90 35 150 10 pA/"C
Current Drift
Input Bias Current Ta = Tmax 20 70 20 100 125 nA
Ta=Tuin 80 180 80 200 250 nA
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Electrical Characteristics (Note 4) (Continued)

Parameter Conditions LM725A LM725 LM725C Units
Min Typ Max Min Typ Max Min Typ Max
Large Signal Voltage R 22 kQ
Gain Ta = Twax 1,000,000 1,000,000 125,000 Y
R, >2kQ
Ta = Tmin 500,000 250,000 125,000 VIV
Common-Mode Rg <10 kQ 110 100 115 dB
Rejection Ratio
Power Supply Rg <10 kQ 8.0 20 20 uvnv
Rejection Ratio
Output Voltage Swing R, =2 kQ +12 +10 +10 \"

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is

functional, but do not guarantee specific performance limits.

Note 2:
Note 3:
Note 4:
Note 5:

Schematic Diagram

Derate at 150°C/W for operation at ambient temperatures above 75°C.
For supply voltages less than £22V, the absolute maximum input voltage is equal to the supply voltage.
These specifications apply for Vg = £15V unless otherwise specified.
For Military electrical specifications RETS725AX are available for LM725AH and RETS725X are available for LM725H.

o v#
1)
SRA | SRB SRS R7 R10 R11 S RIS
30 Sk 3 2% 100 300 100 S 18k
[
=AM\~ - 04 ® Q10
RIA & 100k > 1B
2k S BXERNAL S up _/' | N
<
6
out
3 at Q2 2 a7 08
NON- INVERTING
INVERTING INPUT
INPUT
Q11 Q12
3 Q4 P a5 7 ats
R4 RS R6 < R8 SR
2.7k 220 5k S 2.4k s
4 -
DS010474-5
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LM7301

LM7301

General Description

The LM7301 provides high performance in a wide range of
applications. The LM7301 offers greater than rail-to-rail input
range, full rail-to-rail output swing, large capacitive load driv-
ing ability and low distortion.

With only 0.6 mA supply current, the 4 MHz gain-bandwidth
of this device supports new portable applications where
higher power devices unacceptably drain battery life.

The LM7301 can be driven by voltages that exceed both
power supply rails, thus eliminating concerns over exceeding
the common-mode voltage range. The rail-to-rail output
swing capability provides the maximum possible dynamic
range at the output. This is particularly important when oper-
ating on low supply voltages.

Operating on supplies of 1.8V-32V, the LM7301 is excellent
for a very wide range of applications in low power systems.
Placing the amplifier right at the signal source reduces board
size and simplifies signal routing. The LM7301 fits easily on
low profile PCMCIA cards.

&National Semiconductor

Low Power, 4 MHz GBW, Rail-to-Rail Input-Output
Operational Amplifier in TinyPak™ Package

Features

at Vg = 5V (Typ unless otherwise noted)

m Tiny SOT23-5 package saves space

m Greater than Rail-to-Rail Input CMVR  -0.25V to 5.25V
® Rail-to-Rail Output Swing 0.07V to 4.93V

m Wide Gain-Bandwidth 4 MHz

m Low Supply Current 0.60 mA

= Wide Supply Range 1.8V to 32V

m High PSRR 104 dB

m High CMRR 93 dB

m Excellent Gain 97 dB

Applications

m Portable instrumentation

m Signal conditioning amplifiers/ADC buffers
m Active filters

® Modems

m PCMCIA cards

Connection Diagrams

8-Pin SO-8
1 \/ 8
NC —— [— NC
2 7
INVERTING INPUT - l— v+
- 3 6
NON |szlmﬁ$ R 6 ourpur
4 5
y T — — NC
DS012842-1
Top View
Gain and Phase
140 [ T T 140
120 Vs = 27V 490
’% 100 —— ! 100 -
% 80 “§;\vs = 30‘{v \ 80 5
a 60— N 60 <
5 \\ Vg = 30V =
— 40 40 o0
g A N4 £
s 2 Vg = 2.7V TN 20 *
0 S‘ -; \» 0
-20 l } -20

1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)
DS012842-22

5-Pin SOT23
1 N
OUTPUT — —v*
2
V pp—
NON-INVERTING _3 4 INVERTING
INPUT INPUT
DS012842-2
Top View
Gain and Phase,
2.7V Supply
140 140
120 oo |20
B 100 —NG——F——F—p—{ 100 -~
Z 80 N 80 =
3 \\ \ \ I
o 60 60 =
s ¢, = 1000 pF X\ \ =
= 40 40 9
Fi \\ \ B
% 20 PR Q& 20 &
0 [
‘ C_ = 1000 pF —\
-20 : -20

1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)
DS012842-23
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

ESD Tolerance (Note 2) 2500V
Differential Input Voltage 15V

Lead Temperature

(Soldering, 10 sec.)
Storage Temperature Range
Junction Temperature (Note 4)

Operating Ratings (Note 1)

-65°C to +150°C

Voltage at Input/Output Pin

(V) + 0.3V, (V°) 0.3V

Supply Voltage

Supply Voltage (V* - V7) 35V Junction Temperature Range
Current at Input Pin +10 mA Thermal Resistance (0,,)
Current at Output Pin (Note 3) +20 mA M5 Package, 5-Pin SOT23
Current at Power Supply Pin 25 mA M Package,

8-Pin Surface Mount

5.0V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V- = 0V, Vg = Vo = V¥/2 and R > 1 MQ to

V+/2. Boldface limits apply at the temperature extremes

1.8V < Vg < 32V
-40°C < T, < +85°C

260°C

150°C

325°C/W

165°C/W

Typ LM7301
Symbol Parameter Conditions (Note 5) Limit Units
(Note 6)
Vos Input Offset Voltage 0.03 6 mv
8 max
TCVos Input Offset Voltage Average Drift 2 v/ c
s Input Bias Current Vem = 0V 90 200 nA
250 max
Vem = 5V -40 -75 nA
-85 min
los Input Offset Current Vem = 0V 0.7 70 nA
80 max
Vem = 5V 0.7 55
65
Rin Input Resistance, CM 0V < Vgy <5V 39 MQ
CMRR Common Mode Rejection Ratio 0V <Vgy <5V 88 70 dB
67 min
0V < Vg £3.5V 93
PSRR Power Supply Rejection Ratio 2.2V <V* <30V 104 87
84
Vem Input Common-Mode Voltage Range CMRR = 65 dB 5.1 Vv
-0.1 \Y
Ay Large Signal Voltage Gain R = 10 kQ 71 14 V/mvV
Vo = 4.0Vpp 10 min
Vo Output Swing R = 10 kQ 0.07 0.12 \
0.15 max
4.93 4.88 Vv
4.85 min
R =2kQ 0.14 0.20 \
0.22 max
4.87 4.80 \
4.78 min
Isc Output Short Circuit Current Sourcing 11.0 8.0 mA
5.5 min
Sinking 9.5 6.0 mA
5.0 min
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LM7301

5.0V DC Electrical Characteristics (continued)

Unless otherwise specified, all limits guaranteed for T; = 25°C, V* = 5.0V, V- = 0V, Vg = Vo = V*¥/2 and R_. > 1 MQ to
V*/2. Boldface limits apply at the temperature extremes

Typ LM7301
Symbol Parameter Conditions (Note 5) Limit Units
(Note 6)
Is Supply Current 0.60 1.10 mA
1.24 max
AC Electrical Characteristics
T, =25°C, V* = 2.2V t0 30V, V™ = OV, Vou = Vo = V2 and R_ > 1 MQ to V*/2
Symbol Parameter Conditions Typ Units
(Note 5)
SR Slew Rate +4V Step @ Vg =6V 1.25 Vius
GBW Gain-Bandwidth Product f =100 kHz, R_ = 10 kQ 4 MHz
en Input-Referred Voltage Noise f=1kHz 36 nv
JRz
in Input-Referred Current Noise f=1kHz 0.24 pA
VHz
T.H.D. Total Harmonic Distortion f=10 kHz 0.006 %

2.2V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.2V, V-
V*/2. Boldface limits apply at the temperature extremes

=0V, Vem = Vo =V*2and R_. > 1 MQ to

Typ LM7301
Symbol Parameter Conditions (Note 5) Limit Units
(Note 6)
Vos Input Offset Voltage 0.04 6 mV
8 max
TCVos Input Offset Voltage Average Drift 2 uv/c
Ig Input Bias Current Vem = 0V 89 200 nA
' 250 max
Veu = 2.2V -35 -75 nA
-85 min
los Input Offset Current Vem = 0V 0.8 70 nA
80 max
Vew = 2.2V 0.4 55
65
Rin Input Resistance 0V <Vgy <22V 18 MQ
CMRR Common Mode Rejection Ratio 0V<Vgys22Vv 82 60 dB
56 min
PSRR Power Supply Rejection Ratio 2.2V <V* <30V 104 87
84
Vem Input Common-Mode Voltage Range CMRR > 60 dB 2.3 \"
-0.1 \"
Ay Large Signal Voltage Gain R, = 10 kQ 46 6.5 V/mV
Vo = 1.6Vpp 5.4 min
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2.2V DC Electrical Characteristics (continued)

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.2V, V™ = 0V, Vg = Vo = V*/2and R_ > 1 MQ to

V*/2. Boldface limits apply at the temperature extremes

Typ LM7301
Symbol Parameter Conditions (Note 5) Limit Units
(Note 6)
Vo Output Swing R, = 10 kQ 0.05 0.08 \
0.10 max
215 2.10 \Y
2.00 min
R, =2kQ 0.09 0.13 7
0.14 max
2.10 2.07 \
2.00 min
lsc Output Short Circuit Current Sourcing 10.9 8.0 mA
5.5 min
Sinking 7.7 6.0 mA
5.0 min
Is Supply Current 0.57 0.97 mA
1.24 max

30V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 30V, V™ = 0V, Vg = Vo = V*/2 and R_ > 1 MQ to V*/2.

Boldface limits apply at the temperature extremes

Typ LM7301
Symbol Parameter Conditions (Note 5) Limit Units
(Note 6)
Vos Input Offset Voltage 0.04 6 mV
8 max
TCVos Input Offset Voltage Average Drift 2 uv/c
Is Input Bias Current Vem = 0V 103 300 nA
500 max
Vem = 30V -50 -100 nA
-200 min
los Input Offset Current Veu = 0V 1.2 90 nA
190 max
Vem = 30V 0.5 65 nA
135 max
Rin Input Resistance 0V < Vg < 30V 200 MQ
CMRR Common Mode Rejection Ratio 0V < Vg < 30V 104 80 dB
78 min
0V < Vey 27V 115 90
88
PSRR Power Supply Rejection Ratio 2.2V <V* <30V 104 87
84
Vem Input Common-Mode Voltage Range CMRR > 80 dB 30.1 \
-0.1 \Y
Ay Large Signal Voltage Gain R =10 kQ 105 30 V/mV
Vo = 28Vpp 20 min
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LM7301

30V DC Electrical Characteristics (continued)

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 30V, V™ = 0V, Vg = Vo = V*/2 and R. > 1 MQto V*/2.
Boldface limits apply at the temperature extremes

Typ LM7301
Symbol Parameter- Conditions (Note 5) Limit Units
(Note 6)
Vo Output Swing R. =10 kQ 0.16 0.275 V max
0.375
29.8 29.75 V min
28.65
lsc Output Short Circuit Current Sourcing 1.7 8.8 mA
(Note 4) 6.5 min
Sinking 11.5 8.2 mA
(Note 4) 6.0 min
Is Supply Current 0.72 1.30 mA
1.35 max

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics.

Note 2: Human body model, 1.5 kQ in series with 100 pF.

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient P Ire can result in exceeding the
maximum allowed junction temperature of 150°C.

Note 4: The maximum power dissipation is a function of Tymax), 614, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T ymax)
- Ta)/8,a. All numbers apply for packages soldered directly into a PC board.

Note 5: Typical Values represent the most likely parametric norm.
Note 6: All limits are guaranteed by testing or statistical analysis.
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National Semiconductor

LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-

ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LM741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Connection Diagrams

Metal Can Package

(&)
OFFSET NULL N
INVERTING INPUT g!}
NON=INVERTING INPUT rrsn NULL
0,
-

DS009341-2

Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH
See NS Package Number H08C

Typical Application

Dual-In-Line or S.0. Package

/
OFFSET NULL—{ 1 8—NC
INVERTING INPUT — 2 7V
NON=INVERTING —{ 3 6 |~outpur
INPUT
V-4 5 |—OFFSET NULL

DS009341-3

Order Number LM741J, LM741J/883, LM741CN
See NS Package Number JO8A, MO8A or NOSE

Ceramic Flatpak

NC |_‘.__12 L] 1Z:I NC
+OFFSET NULL r:; ; T—_“_I NC
-INPUT l:; LM741W T_:I v+
+INPUT I"_:5 e: OUTPUT
V-] 1 -OFFSET NULL

DS009341-6

Order Number LM741W/883
See NS Package Number W10A

Offset Nulling Circuit

!

DS009341-7
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LM741

(Note 7)

Supply Voltage

M-Package

Power Dissipation (Note 3)
Differential Input Voltage
Input Voltage (Note 4)
Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range
Junction Temperature
Soldering Information
N-Package (10 seconds)
J- or H-Package (10 seconds)

Absolute Maximum Ratings (ot 2)

Iif Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

LM741A

+22V

500 mW

+30V
+15V

Continuous
-55°C to +125°C

-65°C to +150°C

Vapor Phase (60 seconds)
Infrared (15 seconds)
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.

150°C

260°C
300°C

215°C
215°C

LM741
+22V
" 500 mW
+30V
+15V
Continuous
-55°C to +125°C
-65°C to +150°C
150°C

260°C
300°C

215°C
215°C

LM741C
+18V

500 mW
+30V
+15V

Continuous
0°C to +70°C
-65°C to +150°C

100°C

260°C
300°C

215°C
215°C

ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (ot 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta=25C
Rs <10 kQ 10 | 5.0 2.0 | 6.0 mV
Rs < 50Q 0.8 3.0 mV
Tamin € Ta < Tamax
Rs < 50Q 4.0 mv
Rs < 10 kQ 6.0 7.5 mv
Average Input Offset 15 uv/°c
Voltage Drift
Input Offset Voltage Ta =25°C, Vg = £20V +10 +15 +15 mV
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
o Tamin € Ta < Tamax 70 85 | 500 300 nA
Average Input Offset 0.5 nA/"C
Current Drift
Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
Tamin < Ta € Tamax 0.210 1.5 0.8 pA
Input Resistance Ta =25°C, Vg = £20V 1.0 | 6.0 03 | 20 03 | 20 MQ
Tamin < Ta € Tamaxs 0.5 MQ
VS = 20V
Input Voltage Range Ta=25C +12 | +13 \
Tamin € Ta € Tamax +12 | 13 \"
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Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max [ Min | Typ | Max
Large Signal Voltage Gain | Tp = 25°C, R_ 22 kQ
Vg = 20V, Vg = +15V 50 V/imV
Vg = 215V, Vg = £10V 50 | 200 20 | 200 V/mV
Tamin < Ta < Tamaxs
R > 2 kQ,
Vg = 220V, Vg = £15V 32 Vimv
Vg = 215V, Vg = £10V 25 15 V/mV
Vg = 25V, Vg = 2V 10 V/mV
Output Voltage Swing Vg = £20V
R, > 10 kQ +16 v
R.22kQ +15 \
VS = +15V
R_ =210 kQ +*12 | =14 +12 | 14 \'
R 22 kQ +10 | =13 +10 | 13 \%
Output Short Circuit Ta=25C 10 25 35 25 25 mA
Current Tamin € Ta £ Tamax 10 40 mA
Common-Mode Tamin € Ta € Tamax
Rejection Ratio Rs £ 10 kQ, Ve = =12V ‘70 90 70 90 dB
Rg £ 50Q, Vey = 212V 80 95 dB
Supply Voltage Rejection Tamin € Ta € Tamaxs
Ratio Vg = £20V to Vg = =5V
Rs < 50Q 86 | 96 dB
Rg <10 kQ 77 96 77 96 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) Ta=25C 0437 | 15 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 0.7 0.5 0.5 V/ps
Supply Current Ta=25C 1.7 | 2.8 17 | 2.8 mA
Power Consumption Ta=25C
Vg = £20V 80 150 mwW
Vg = £15V 50 85 50 85 mw
LM741A Vg = £20V
Ta = Tamin 165 mw
Ta = Tamax 135 mw
LM741 Vg = £15V
Ta = Tamin 60 | 100 mw
Ta = Tamax 45 | 75 mw

Note 2: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.
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LM741

Electrical Characteristics (note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum Rat-
ings”). Tj = Ta + (8ja Pp)-

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
8ja (Junction to Ambient) 100°C/W 100°C/W | 170°C/W 195°C/W
6;c (Junction to Case) N/A N/A 25°C/W N/A

NON=INVERTING
INPUT

OFFSET NULL

Schematic Diagram

Note 4: For supply voltages less than =15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for Vg = £15V, -55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica-
tions are limited to 0°C < T < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Q1

- ° vt
a8 Q9 12 at3 /
}\‘014
o} e 1
<
> 39K VW
R7 Q15 ]
45K
==—Cl ¢
30| re L o
04 75K 35
VAVA
¥ b outPur
a7 a1s
l\A S R0
1’ 50
17
Q6 Q10 ~ I‘)
at1 02;/{ K
5_OFFSET
NULL
SR <SR2 R4 SRI2Z S RN
< <
> 50K 2 1K 5K > 50K < 50
4 Wl
. v
DS009341-1
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&National Semiconductor
LM8261 Single
RRIO, High Output Current & Unlimited Cap Load O
’
Amp in SOT23-5
General Description :h: LM8261 is offered in the space saving SOT23-5 pack-
The LM8261 is a Rail-to-Rail input and output Op Amp which ae:
can operate with a wide supply voltage range. This device
has high output current drive, greater than Rail-to-Rail input Features
common mode voltage range, unlimited capacitive load drive (Vg = 5V, T, = 25°C, Typical values unless specified).
capability, and provides tested and guaranteed high speed m GBWP 21MHz
and slew rate while requiring only 0.97mA supply current. It m Wide supply voltage range 2.5V to 30V
is specifically designed tc? handle.the. requirements of flat m Slew rate 12V/ps
pa_nel TFT panel Vgop driver apphcapons as well as bglng = Supply current 0.97 mA
suitable for other low power, and medium speed applications w Cap load limit Unlimited
which require ease of use and enhanced performance over - Ou?put short circuit current +53MA/—75mA
existing devices. o -
Greater than Rail-to-Rail input common mode voltage range ® +/-5% Settling time 400ns (500pF, 100mVep steP)
with 50dB of Common Mode Rejection, allows high side and ™ InPut common mode voltage 0.3v beyondJra_lls
low side sensing, among many applications, without having ™ Input voltage noise 15nVAHz
any concerns over exceeding the range and no compromise ~ ® Input current noise 1panHz
in accuracy. Exceptionally wide operating supply voltage = THD+N < 0.05%
range of 2.5V to 30V alleviates any concerns over function-
ality under extreme conditions and offers flexibility of use in App"cations
multitude of applications. In addition, most device param- .
eters are insensitive to power supply variations; this design = TFT-LCD ftat panel Voo driver
enhancement is yet another step in simplifying its usage. ™ A/ D converter buffer
The output stage has low distortion (0.05% THD+N) and can ™ High side/low side sensing
supply a respectable amount of current (15mA) with minimal ~ ® Headphone amplifier
headroom from either rail (300mV).
Connection Diagram
Output Response with Heavy Capacitive Load SOT23-5
Lipu 1 5
Output Output [ v*
rd 2
v ] sOT23-5
Non-Inverting 3 4 Inverting
500 mV/div input Input
CH2 DS101084-62
0 Top View
ul/pu( | T
npu
[ nput AT
o "R ]
5 ps/div
DS101084-37
Ordering Information
Package Ordering Info Pkg Marking Supplied As NSC Drawing
5-Pin SOT-23 LM8261M5 A45A 1K Units Tape and Reel MAOSB
LM8261M5X 3K Units Tape and Reel
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LM8261

Absolute Maximum Ratings (Note 1) Junction Temperature (Note 4) +150°C
If Military/Aerospace specified devices are required, Soldering Information:
please contact the National Semiconductor Sales Office/ Infrared or Convection (20 sec.) 235°C
Distributors for availability and specifications. Wave Soldering (10 sec.) 260°C
2KV (Note 2
ESD Tolerance 200V§Note 9; Operating Ratings
Vi Differential H-10V Supply Voltage (V* - V7) 2.5V to 30V
Output Short Circuit Duration (Notes 3, 11) Junction Temperature Range(Note 4)  -40°C to +85°C
Supply Voltage (V* - V7) i Package Thermal Resistance, 6,,,(Note 4)
Voltage at Input/Output pins V* +0.8V, V- -0.8V SOT23-5 305°C/W
Storage Temperature Range -65°C to +150°C
2.7V Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V- =0V, Vgy = 0.5V, V5 = V*/2, and
R_ > 1MQ to V-. Boldface limits apply at the temperature extremes.
Symbol Parameter Condition (Ng: 5) (,5';22‘:;) Units
Vos Input Offset Voltage Vem = 0.5V & Vo = 2.2V +/-0.7 +/-5 mV
+/-7 max
TC Vos Input Offset Average Drift Vem = 0.5V & Vg = 2.2V +/-2 - uv/C
(Note 12)
g Input Bias Current Vem = 0.5V -1.20 -2.00
(Note 7) -2.70 A
Vem = 2.2V +0.49 +1.00 max
(Note 7) +1.60
los Input Offset Current Vem = 0.5V & Vo = 2.2V 20 250 nA
400 max
CMRR Common Mode Rejection Ratio | Vg stepped from OV to 1.0V 100 76
60
Vcwm stepped from 1.7V to 2.7V 100 r:i
Vcwm stepped from OV to 2.7V 70 58
50
+PSRR Positive Power Supply V* =27V to 5V 104 78 dB
Rejection Ratio 74 min
CMVR Input Common-Mode Voltage CMRR > 50dB -0.3 -0.1 Vv
Range 0.0 max
3.0 2.8 \Y
2.7 min
AvoL Large Signal Voltage Gain Vo =0.51t0 2.2V, 78 70 dB
R. = 10K to V- 67 min
Vo =0.510 2.2V, 73 67 dB
R, =2Kto V- 63 min
Vo Output Swing R_ = 10K to V- 2.59 2.49
High 2.46 Y
R, = 2K to V- 253 2.45 min
2.41
Output Swing R = 10K to V- 90 100 mV
Low 120 max
Isc Output Short Circuit Current Sourcing to V-~ 48 30 mA
V,p = 200mV (Note 10) 20 min
Sinking to V* 65 50 mA
Vip = =200mV (Note 10) 30 min
Is Supply Current No load, Vg = 0.5V 0.95 1.20 mA
1.50 max
SR Slew Rate (Note 8) Ay = +1,V, = 2Vpp 9 - V/us
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2.7V Electrical Characteristics (continued)

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V- = 0V, Vg = 0.5V, Vg = V*/2, and
R, > 1MQ to V~. Boldface limits apply at the temperature extremes.

Symbol Parameter Condition (N.:;{g 5) ([\‘l'(;?:te) Units
fu Unity Gain-Frequency V, = 10mV, R_ = 2KQ to V*/2 10 - MHz
GBWP Gain Bandwidth Product f = 50KHz 21 15.5 MHz
14 min
Phig, Phase Margin V, = 10mV 50 - Deg
e, Input-Referred Voltage Noise f = 2KHz, Rg = 50Q 15 - nV/[Rz
in Input-Referred Current Noise f = 2KHz 1 PA/[Hz
frmax Full Power Bandwidth Z, = (20pF Il 10KQ) to V*/2 1 - MHz
5V Electrical Characteristics
Unless otherwise specified, all limited guaranteed for T, = 25°C, V* = 5V, V- = 0V, Vgy = 1V, Vo = V*/2, and
R_ > 1MQ to V~. Boldface limits apply at the temperature extremes.
Symbol Parameter Condition (Ngg 5 (r\ll‘;:'%) Units
Vos Input Offset Voltage Vem = 1V & Vg = 4.5V +/-0.7 +/-5 mv
+H-7 max
TC Vos Input Offset Average Drift Vem = 1V & Vg = 4.5V +-2 - pvIrc
(Note 12)
Ig Input Bias Current Vom = 1V -1.18 -2.00
(Note 7) -2.70 pA
Vom = 4.5V +0.49 +1.00 max
(Note 7) +1.60
los Input Offset Current Vom = 1V & Vg = 4.5V 20 250 nA
400 max
CMRR Common Mode Rejection Ratio Vewm stepped from OV to 3.3V 110 84
72
Vem stepped from 4V to 5V 100 - r?\?n
Vem stepped from 0V to 5V 80 64
61
+PSRR Positive Power Supply Rejection V* =27V to 5V, Ve = 0.5V 104 78 dB
Ratio 74 min
CMVR Input Common-Mode Voltage Range | CMRR > 50dB -0.3 -0.1 \
0.0 max
5.3 5.1 \Y
5.0 min
AvoL Large Signal Voltage Gain Vo = 0.5 to 4.5V, 84 74
R, = 10K to V- 70 dB
Vo = 0.5 t0 4.5V, 80 70 min
R.=2Kto V- 66
Vo Output Swing R = 10K to V- 4.87 4.75
High 4.72 \
R, = 2K to V- 4.81 4.70 min
4.66
Output Swing R_ = 10K to V- 86 125 mV
Low 135 max
Isc Output Short Circuit Current Sourcing to V- 53 35
Vip = 200mV (Note 10) 20 mA
Sinking to V* 75 60 min
V|p = =200mV (Note 10) 50
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LM8261

5V Electrical Characteristics (continued)

Unless otherwise specified, all limited guaranteed for T; = 25°C, V* = 5V, V™ = 0V, Vg, = 1V, Vo = V*/2, and
R, > 1MQ to V-. Boldface limits apply at the temperature extremes.

Symbol Parameter Condition (Nyep 5) (l\ll-c:'tgltG) Units
Is Supply Current’ No load, Vgm = 1V 0.97 1.25 mA
. 1.75 max
SR Slew Rate (Note 8) Ay =+1,V, = 5Vpp 12 10 V/us
7 min
fu Unity Gain Frequency V, =10mV, 105 - MHz
R, = 2KQ to V*/2
GBWP Gain-Bandwidth Product f = 50KHz 21 16 MHz
15 min
Phi, Phase Margin V, =10mV 53 - Deg
e, Input-Referred Voltage Noise f = 2KHz, Rg = 50Q 15 - nV/J[Hz
in Input-Referred Current Noise f = 2KHz 1 - PA/JHz
frnax Full Power Bandwidth Z, = (20pF Il 10kQ) to V*/2 900 - KHz
ts Settling Time (+/-5%) 100mVpp Step, 500pF load 400 - ns
THD+N Total Harmonic Distortion + Noise R, = 1KQ to V*/2 0.05 - %
f = 10KHz to Ay= +2, 4Vpp
swing
+/-15V Electrical Characteristics
Unless otherwise specified, all limited guaranteed for T, = 25°C, V* = 15V, V- = =15V, Vg, = 0V, V5 = 0V, and
R_ > 1MQ to 0V. Boldface limits apply at the temperature extremes.
Symbol Parameter Condition (N-gg 5) ([\5-:,;2“6) Units
Vos Input Offset Voltage Vem = =14.5V & Vg = 14.5V +/-0.7 +-7 mV
+/-9 max
TC Vos | Input Offset Average Drift Vem = =145V & Vg = 14.5V +/-2 - pv/Ic
(Note 12)
Ig Input Bias Current Vem = =14.5V -1.05 —-2.00
(Note 7) -2.80 pA
Veum = 14.5V +0.49 +1.00 max
(Note 7) +1.50
los Input Offset Current Vem = =14.5V & Vg = 14.5V 30 275 nA
550 max
CMRR Common Mode Rejection Ratio Vewm stepped from -15V to 13V 100 84
80
Vew stepped from 14V to 15V 100 - :ﬁ‘
Vem stepped from —15V to 15V 88 74
. 72
+PSRR Positive Power Supply Rejection V* =12V to 15V 100 70 dB
Ratio 66 min
-PSRR Negative Power Supply Rejection V- = -12V to -15V 100 70 dB
h Ratio 66 min
CMVR Input Common-Mode Voltage Range | CMRR