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Harris Semiconductor
Sector Capabilities

Harris Semiconductor, one of the top ten U.S. semiconductor merchant suppliers, is a sector of Harris
Corporation — a producer of advanced information processing, communication and microelectronic
products for the worldwide Information Technology market. '

Harris Semiconductor is organized to address the standard products, custom products, and gallium
arsenide semiconductor markets.

SEMICONDUCTOR PRODUCTS DIVISION:

Harris Semiconductor offers a wide selection of standard analog and digital circu'its‘through its Semi-
conductor Products Division:

Analog Products

Harris is a major force in analog integrated circuitry, offering a broad line of products including: analog-
to-digital converters, digital-to-analog converters, sample-and-hold circuits, multiplexers, switches,
voltage references, operational amplifiers, telecommunications and speech processing products,
hybrid subsystems and active filters.

Digital Products

Harris is a pioneer in developing and producing digital CMOS products including: CMOS RAMs, CMOS
PROMs, CMOS microprocessors, CMOS peripherals, CMOS data communications products, and a full
line of 80C86/88 microprocessors and peripherals. Semicustom circuit design problems are solved by a
complete line of SSI, MSI, and LSI standard cells and programmable logic products featuring on-chip
testability. The Harris SHIPs™ (Semicustom Highly Integrated Peripherals) service features total
in-plant capability, proven LSl cells, and an array of customer design entry levels. (See complete digital
product listing, page 13-2)

CUSTOM INTEGRATED CIRCUITS DIVISION (CICD)

Harris designs, develops and manufactures analog, digital bipolar, and CMOS circuits for specialized
military and commercial applications. CICD offers a full line of radiation hardened products guaranteed
to customer specifications. Strategic, tactical and communications ICs are available as full custom,
semicustom and data sheet products. (See complete CICD product listing, page 13-3 & 13-4)

MICROWAVE SEMICONDUCTOR DIVISION

Harris Microwave Semiconductor Division develops and manufactures gallium arsenide field effecttran-
sistors (GaAs FETs), digital integrated circuits, monolithic microwave integrated circuits,and GaAs FET
microwave amplifiers. (See complete Microwave product listing, page 13-4)

Copyright @ Harris Corporation 1986
(All rights reserved)
Printed in U.S.A.



Harris Linear,
Data Acquisition and
Telecom Products

Harris Semiconductor’s spectrum of analog products meet many specialized requirements ranging from
precision to high speed performance. Capitalizing on advanced linear- processing technologies
developed over the past 19 years, Harris Semiconductor offers analog products of high quality and
unmatched performance. :

This data book describes Harris Semiconductor’s complete line of Linear, Data Acquisition, and
Telecommunication products. In addition, it includes a complete set of data sheets for product
specifications; a section of application notes with design details for specific applications of Harris
products; and a description of Harris’ quality and high reliability program.

If you need more information on these and other Harris products, please contact the nearest Harris sales
office listed in the back of this data book. Or return the reply card attached inside back cover.

Harris Semiconductor products are sold by description only. All specifications in
this data book are applicable only to packaged products; specifications for dice
are available upon request. Harris reserves the right to make changes in circuit
design, specifications and other information at any time without prior notice.
Accordingly, the reader is cautioned to verify that data sheets and other
information in this publication are current before placing orders. Information
contained in the application notes is intended soley for general guidance; use of
the information for user’s specific application is at user’s risk. Reference to
products of other manufacturers are solely for convenience of comparison and
do not imply total equivalency of design, performance, or otherwise.
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HA-OPOQ7
HA-OP27
HA-OP37
HA-2400/04/05
HA-2406
HA-2420-1
HA-2420/25
HA-2500/02/05
HA-2510/12/15
HA-2520/22/25
HA-2539
HA-2540
HA-2541
HA-2542
HA-2544 ADVANCE
HA-2600/02/05
HA-2620/22/25
HA-2630/35
HA-2640/45
HA-2650/55
HA-2720/25
HA-4600/02/05
HA-4741
HA-4900/02/05
HA-5002
HA-5033
HA-5101/5111 ADVANCE
HA-5102
HA-5104
HA-5112
HA-5114
HA-5130/35
HA-5134 ADVANCE
HA-5141
HA-5142
HA-5144
HA-5147
HA-5151/52/54
HA-5160/62
HA-5170
HA-5180/80A
HA-5190/95
HA-5320
HA-5330

HC-5502A

HC-5504
HC-5508/09
HC-5510/11
HC-5512/12A
HC-5512C
HC-5512D
HC-5552/53/54/57
HC-5560 ADVANCE
HC-5572 ADVANCE
HC-5580 ADVANCE
HC-5581 ADVANCE
HC-5590 ADVANCE
HC-55536
HC-55564

HF-10

HI-1818A/1828A
HI-200
HI-201

Alpha Numeric Product Index

Precision Operational AmpPlfier.........ccooevviieciinin

Precision, Low Noise Operational Amplifier..........c.cc.o.e..... 2-20
High Slew Rate, Precision, Low Noise Operational Amplifier.. 2-25
PRAM Four Channel Programmable Amplifiers........c..cccoueeue. 2-30
Digital Selectable Four Channel Operational Amplifier .. 2-34

High Temperature Sample and Hold Amplifier ......... N

Fast Sample and Hold Amplifier ............cccc...... 7-10
High Slew Rate Operational Amplifiers. 2-38
High Slew Rate Operational Amplifiers........c.coeercrvennne 2-42
High Slew Rate Operational Amplifiers........c.cooevevvnreninns 2-46
High Slew Rate, Wide Bandwidth Operational Amplifier ... 2-50
High Slew Rate, Wide Bandwidth Operational Amplifier ... 2-56
High Slew Rate, Unity Gain Stable Operational Amplifier...........ccccovceieciniiininnns 2-62
High Slew Rate, Power Operational AMpPlifier ............cociiieeieeeseivescereeeneeene 2-66
Video Operational AMpPlifier ........ccccccovivierierieiveeiersiieenens 2-71
General Purpose High Performance Operational Amplifiers........... 2-72
Wide Bandwidth Operational Amplifiers ...........cocoveereiiicinienens 2-76
High Performance Current Boosters...... 2-80
High Voltage Operational Amphfiers.......c.c.ccoeevveeerceneiineninnae 2-84
Dual General Purpose High Performance Operational Amplifier..........cccccovuvnenne. 2-88
Programmable Low Power Operational Amplifiers.........cococovvrniinccencnecnenns 2-92
Quad General Purpose High Performance Amplifiers. 2-98
Quad General Purpose High Performance Amplifier 2-105
Quad High Speed Comparators..........cicevenieniiiiinennniininns 2-109
Wideband, High Slew Rate, High Output Current Buffer .. 2-116
Wideband, High Slew Rate Current Buffer............c.c.coc.... 2-120

Low Noise, High Performance Operational Amplifiers ...
Dual Low Noise Operational Amplifier...........cceeune
Quad Low Noise Operational Amplifier ................
Dual High Slew Rate, Low Noise Operational Amplifier
Quad High Slew Rate, Low Noise Operational Amplifier
Precision Operational Amplifiers .......c.ccoovivniiiniinienins
Precision Quad Operational Amplifier ..
Ultra-Low Power Operational Amplifier ...
Dual Ultra-Low Power Operational Amplifier.
Quad Ultra-Low Power Operational Amplifier ....................

High Slew Rate, Precision, Low Noise Operational Amplifier.. 2-148
Low Power Operational Amplifiers........cccoeveveeinnincnineniincnnn 2-153
High Slew Rate, Wide Bandwidth J-FET Operational Amplifiers 2-157
J-FET Precision Operational Amplifier ........cccccevnniinnninne 2-164
J-FET Precision, Low Bias Current Operational Amplifier 2-169
High Slew Rate, Fast Settling Operational Amplifiers.... 2-176
High Speed Precision Sample and Hold Ampilifier......... e 7-17

Very High Speed Precision Sample and Hold Amplifier ... 7-24

SLIC Subscriber Line Interface CirCUit........oveveriviviereneicrecicesrees e 8-7

SLIC Subscriber Line Interface Circuit........cccccovvcvviniiiininnns 8-12
SLICs Subscriber Line Interface Circuit.........cocecevvevccenenn 8-17
Monolithic CODECS ........ccoevierireririreenns 8-24
PCM Monolithic Filter ........... 8-33
PCM or CVSD MONOHhIC FIlter ......cceeeeiiriireii e 8-40
PCM Monolithic Filter Military Temperature Range ............ccocevveeieiniiinicneniniecnenn 8-48
Monolithic CMOS Serial Interface CODEC/Filter Family .. 8-57
TrANSCOAEN .....orieeiirietie ettt st ene s ne 8-82
2400/1200/600/300 BPS MOGEM.....c.ccoccermeeriiririericreinnen s 8-86
Trunk Subscriber Line Interface Circuit (TSLIC)..... 8-83
DAA Subscriber Line Interface Circuit (DAASLIC). 8-84
Digital Line TranSCEIVEY ......cveivieiiriinteiiiceeie st nre s s asns b an 8-85
All-Digital Continuously Variable Slope Delta Demodulator (CVSD) .......ccccceueuene 8-68
All-Digital Continuously Variable Slope Delta Modulator/Demodulator (CVSD) .. 8-72
Universal ACHIVE FIItEr ..ot st er e e 8-79
Low Resistance Single 8/Differential 4 Channel CMOS Analog Muxiplexer ......... 4-68

Dual SPST General Purpose CMOS Analog Switch
Quad SPST General Purpose CMOS Analog Switch
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HI-201HS
HI-300
HI-301
HI-302
HI-303
HI-304
HI-305
HI-306
HI-307
HI-381
HI-384
HI-387
HI-390
HI-5040
HI-5041
HI-5042
HI-5043
HI-5044
HI-5045
HI-5046/46A
HI-5047/47A
HI-5048
HI-5049
HI-5050
HI-5051
HI-506/507
HI-506A/507A
HI-506LA/507LA

HI-508/509
HI-508A/509A
HI-508LA/509LA
HI-516

HI-518

HI-524

HI-539
HI-546/547
HI-548/549
HI-5610
HI-5618A/18B
HI-562A
HI-565A
HI-5660/60A
HI-5680
HI-5685/85A
HI-5687
HI-5690V
HI-5695V
HI-5697V
HI-574A
HI-5811
HI-674A
HI-7541
HI-774
HI-774A
HI-DAC16B/C

HV-1000/1000A

HY-94741/42
HY-9574
HY-9590/91
HY-9595/96
HY-9674
HY-9712

Alpha Numeric Product Index (Continued)

Quad SPST High Speed CMOS ANalog SWItCh........c.ccceevrviieeeiieceiiiceeeise e
Dual SPST Precision CMOS Analog Switch ..... .
SPDT Precision CMOS Analog Switch ....
Dual DPST Precision CMOS Analog Switch..
Dual SPDT Precision CMOS Analog Switch..
Dual SPST Precision CMOS Analog Switch ..
SPDT Precision CMOS Analog Switch ...........
Dual DPST Precision CMOS Analog Switch..
Dual SPDT Precision CMOS Analog Switch..
Dual SPST Precision CMOS Analog Switch ..
Dual DPST Precision CMOS Analog Switch..
SPDT Precision CMOS Analog Switch .......
Dual SPDT Precision CMOS Analog Switch..
Low ON Resistance SPST Analog Switch......
Low ON Resistance Dual SPST Analog Switch
Low ON Resistance SPDT Analog Switch.........
Low ON Resistance Dual SPDT Analog Switch
Low ON Resistance DPST Analog Switch......
Low ON Resistance Dual DPST Analog Switch
Low ON Resistance DPDT Analog Switch .....
Low ON Resistance 4PST Analog Switch...
Low ON Resistance Dual SPST Switch ...
Low ON Resistance Dual DPST Switch...
Low ON Resistance SPDT Switch .....
Low ON Resistance Dual SPDT Switch
Single 16/Diff. 8 Channel CMOS Analog Multiplexer....
Single 16/Diff. 8 Channel CMOS Analog MUX with Active Overvoltage Protection.. 4-11
Latched Single 16/Diff. 8 Channel CMOS Analog MUX with Overvoltage

PrOtECHION ...t 4-17
Single 8/Diff. 4 Channel CMOS Analog MUltipIEXEer.........ccoeriiiviieeiieeieieeee e 4-18
Single 8/Diff. 4 Channel CMOS Analog MUX with Active Overvoltage Protection .. 4-25
Latched Single 8/Diff. 4 Channel CMOS Analog MUX with Overvoltage Protection. 4-31

Programmable Single 16/Diff. 8 Channel CMOS High Speed Analog MUX 4-32
Programmable Single 8/Diff. 4 Channel CMOS High Speed Analog MUX... . 4-37
4 Channel Video Multiplexer 4-42
4 Channel Low Level Diff. Multiplexer 4-47

Single 16/Diff. 8 Channel CMOS Analog MUX with Active Overvoltage Protection.. 4-56
Single 8/Diff. 4 Channel CMOS Analog MUX with Active Overvoltage Protection ... 4-62
10-Bit High Speed D/A Converter 6-17
8-Bit High Speed D/A CONVEIEN .......cccoiiiiiiiiiieit et 6-23
12-Bit High Speed D/A CONVEIMET ......occuiiiiiiiiiiiit ettt

12-Bit High Speed D/A Converter with Reference .. .
12-Bit High Speed D/A CONVEITEN .....ccviiviiieiieeiiiieiee ettt et
12-Bit D/A Converter with Reference (00C t0 +700C) .......ccovvieriiiiniiiiiiiiicic e
12-Bit D/A Converter with Reference (-40°C to +85°C)... .
12-Bit D/A Converter with Reference (-550C t0 +1250C).......ccccoveiiiiiriiiiniiiiiiiiees
Fast 12-Bit V-DAC with Reference (00C t0 +700C) .......ccccccviiuiiiniiiinicieeiec e
Fast 12-Bit V-DAC with Reference (-400C to +850C) .... .
Fast 12-Bit V-DAC with Reference (-550C t0 +1250C) ........cccccciiiiciiniicicnriiiiiccec
25us, Complete 12-Bit A/D Converter with Microprocessor Interface...........c...ccce.....
Complete, Monolithic 12-Bit Latched D/A Converter .
12us, Complete 12-Bit A/D Converter with Microprocessor Interface.............cccccce....
12-Bit Multiplying D/A CONVEIEN ......ccciiiiiiiiiiiiiceit ettt
8.5us, Complete 12-Bit A/D Converter with Microprocessor Interface... .
7us, Complete 12-Bit A/D Converter with Microprocessor Interface...........cccooceeeeee
16-Bit D/A CONVEITEI ....c.iiiiiiiie ittt ettt sttt

INAUCHION MOLOr ENEIGY SAVET .....cuvoieeiiiiiieciieiiceeeir ettt ene e

Low Power Sampling 12-Bit A/D Converter with 8/16-Bit Microprocessor Interface. 5-84
Sampling 12-Bit A/D Converter with 8/16-Bit Microprocessor Interface..................... 5-51
Data Acquisition Front ENd .........cc.cccoocoruiiiocceeceeeeeeeeeeeeeeeeeeeee e . 7-28
Programmable Gain Ampliifier with Multiplexed Inputs ........cccccceeune

Sampling 12-Bit A/D Converter with 8/16-Bit Microprocessor Interface .
Complete 12-Bit Data ACQUISItion SUDSYSEEM .........cc.cuovuiveiriririeieieee e 5-86
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Analog-to-Digital Converters

HI-574A
HI-674A
HI-774

HI-774A

Analog Product Listing

25us, Complete 12-Bit A/D Converter with Microprocessor Interface............c.cccee.....
12us, Complete 12-Bit A/D Converter with Microprocessor Interface.
8.5us, Complete 12-Bit A/D Converter with Microprocessor Interface
7us, Complete 12-Bit A/D Converter with Microprocessor Interface ..........ccc.coceeenee.

Data Acquisition Module Products

HY-94741/42

HY-9574
HY-9590/91
HY-9595/96
HY-9674
HY-9712

Low Power Sampling 12-Bit A/D Converter with 8/16-Bit Microprocessor

Digital-to-Analog Converters

HI-5618A/18B
HI-5610
HI-562A
HI-565A
HI-5660/60A
HI-5680
HI-5685/85A
HI-5687
HI-5811
HI-7541
HI-5690V
HI-5695V
HI-5697V
HI-DAC16B/C

Multiplexers

SINGLE 8/DIFFERENTIAL 4 CHANNEL :

HI-508/509
HI-508A/509A

HI-508LA/509LA

HI-518
HI-548/549

HI-1818A/1828A

INEEITACE ..ot 5-84
Sampling 12-Bit A/D Converter with 8/16-Bit Microprocessor Interface..................... 5-51
Data AcQUISItION FrONt ENG ..ottt et 7-28
Programmable Gain Ampliifier with Multiplexed Inputs e 4-72
Sampling 12-Bit A/D Converter with 8/16-Bit Microprocessor Interface.................... 5-68
Complete 12-Bit Data ACQUISition SUDSYSIEM .....cooueiiirieieieieiere e 5-86
8-Bit High Speed D/A CONVEIET ...c.ociiiiiieiieeit ettt 6-23
10-Bit High Speed D/A Converter ... e 6-17
12-Bit High Speed D/A Converter .........ccocecvevnenne ... 6-5
12-Bit High Speed D/A Converter with Reference ... 6-10
12-Bit High Speed D/A CONVEIMEN .......ccoueeimiiiciiieiiice ettt et 6-30
12-Bit D/A Converter with Reference (00C t0 +700C) ......ccoeveiriccerieceineeerirercicnene 6-39
12-Bit D/A Converter with Reference (-400C to +850C). . 6-45
12-Bit D/A Converter with Reference (-550C t0 +1250C)........ccocececvvvirenenccenneencnnns 6-48
Complete, Monolithic 12-Bit Latched D/A CONVEter.........ccccoviviireinineneieiieecreni 6-57
12-Bit Multiplying D/A Converter . 6-66
Fast 12-Bit V-DAC with Reference (00C t0 +700C) .......ccoccveiiririercieiine it 6-51
Fast 12-Bit V-DAC with Reference (-400C t0 +850C) ........ccuvvevriirinirrerieiirinecsie e 6-51
Fast 12-Bit V-DAC with Reference (-55°C to +1250C) . 6-51
16-Bit D/A CONVEIET ..c..iiiiiiiiiit ettt bttt st 6-73
Single 8/Differential 4 Channel CMOS Analog MultiplexXer...........ccccconcniiniccnanns 4-18
Single 8/Differential 4 Channel CMOS Analog MUX with Active Overvoltage

PrOtECHION ..ot 4-25
Latched Single 8/Differential 4 Channel CMOS Analog MUX with Overvoltage

ProtECHION ..o e s 4-31

Programmable Single 8/Differential 4 Channel CMOS High Speed Analog MUX...... 4-37
Single 8/Differential 4 Channel CMOS Analog MUX with Active Overvoltage

SINGLE 16/DIFFERENTIAL 8 CHANNEL :

HI-506/507
HI-506A/507A

HI-506LA/507LA

HI-516
HI-546/547

4 CHANNEL:

HI-524
HI-539

PrOtECHON ..ottt e 4-62
Low Resistance Single 8/Differential 4 Channel CMOS Analog Multiplexer .............. 4-68
Single 16/Differential 8 Channel CMOS Analog Multiplexer..............cccococooiiicinnne. 4-5
Single 16/Differential 8 Channel CMOS Analog MUX with Active Overvoltage

PrOTECTION ... sttt 4-11

Latched Single 16/Differential 8 Channel CMOS Analog MUX with Overvoltage

Protection
Programmable Single 16/Differential 8 Channel CMOS High Speed Analog MUX.... 4-32
Single 16/Differential 8 Channel CMOS Analog'MUX with Active Overvoltage

ProteCtion ..o 4-56
4 Channel Video MURIPIEXET ...c.cioiviiiiiiiieieiectset ettt st aen e 4-42
4 Channel Low Level Differential MUltipleXer ..........c.ccoeviiiiiinniiiiciicccnce 4-47
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Analog Product Listing (Continued)

Operational Amplifiers: High Slew-Rate
SINGLES:

PAGE
HA-OP37 High Slew Rate, Precision, Low Noise Operational Amplifier...................c.cccoceeei 2-25
HA-2510/12/15 High Slew Rate Operational Amplifiers . 2-42
HA-2520/22/25 High Slew Rate Operational Amplifiers 2-46
HA-2539 High Slew Rate, Wide Bandwidth Operational Amplifier 2-50
HA-2540 High Slew Rate, Wide Bandwidth Operational Amplifier.... . 2-56
HA-2541 High Slew Rate, Unity Gain Stable Operational Amplifier.........cccccceveiiiniinneinns 2-62
HA-2542 High Slew Rate, Power Operational AmMpPlifier .........ccccooviienciinciinieeceeeeen 2-66
HA-2620/22/25 Wide Bandwidth Operational Amplifiers................. . 2-76
HA-5101/5111 ADVANCE Low Noise, High Performance Operational Amplifiers .............ccccoceeiiiiciincinn, 2-128 =
HA-5147 High Slew Rate, Precision, Low Noise Operational Amplifier.........ccccocnvioninnns 2-148 =]
HA-5160/62 High Slew Rate, Wide Bandwidth J-FET Operational Amplifiers. . 2-157 § =
HA-5190/95 High Slew Rate, Fast Settling Operational Amplifiers.........cceceeniccciiiiiinnneenn 2-276 = E

wo

DUALS: o %
HA-5112 Dual High Slew Rate, Low Noise Operational Amplifier..........ccooooviiniiiiinnnn. 2-129
QUADS:
HA-2400/04/05 PRAM Four Channel Programmable Amplifiers . 2-30
HA-2406 Digital Selectable Four Channel Operational Ampllfler . 2-34
HA-5114 Quad High Slew Rate, Low Noise Operational Amplifier ..........ccccooveeinviiivcienens 2-129
Operational Amplifiers: Wide Bandwidth
SINGLES:
HA-OP37 High Slew Rate, Precision, Low Noise Operational Amplifier..............ccooccccoininine 2-25
HA-2510/12/15 High Slew Rate Operational AMPHIers.......cccooeiiiriniiiiccceceecee e 2-42
HA-2520/22/25 High Slew Rate Operational AmMpPlifiers..........cocooiveeeeeiiiie e 2-46
HA-2539 High Slew Rate, Wide Bandwidth Operational Amplifier . 2-50
HA-2540 High Slew Rate, Wide Bandwidth Operational Amplifier 2-56
HA-2541 High Slew Rate, Unity Gain Stable Operational Amplifier............c.cccccccooviiiinnn 2-62
HA-2542 High Slew Rate, Power Operational Amplifier . 2-66
HA-2600/02/05 General Purpose High Performance Operational Amplifiers...........ccccoociininnee 2-72
HA-2620/22/25 Wide Bandwidth Operational AMPLfiers .........ccoeviieiiriiieiieie e 2-76
HA-5147 High Slew Rate, Precision, Low Noise Operational Amplifier-... . 2-148
HA-5160/62 High Slew Rate, Wide Bandwidth J-FET Operational Amplifiers............ccccoccoeueeene. 2-157
HA-5190/95 High Slew Rate, Fast Settling Operational Amplifiers.........ccccecevvvcrivinnicincnnnnne. 2-276
DUALS:
HA-5112 Dual High Slew Rate, Low Noise Operational Amplifier...........cccccoveeoniiiiircnnnnnnnn. 2-129
QUADS:
HA-2400/04/05 PRAM Four Channel Programmable Amplifiers............ccccoviiiineiininiicinniciene 2-30
HA-2406 Digital Selectable Four Channel Operational Amplifier..........ccocveiriveriniencrcnenn 2-34
HA-5114 Quad High Slew Rate, Low Noise Operational Amplifier .........cccoveviieiniiienenn 2-129
Operational Amplifiers: Precision
HA-OPO7 Precision Operational AmMPHfier..........coccoiiiiiii i e 2-12
HA-OP27 Precision, Low Noise Operational Amplifier...........ccooiiiiieiiiiiiiiice e 2-20
HA-5134 ADVANCE Precision Quad Operational Amplifier .
HA-5147 High Slew Rate, Precision, Low Noise Operational Amplifier.........c.ccccoceceviinenne 2-148
HA-5170 J-FET Precision Operational AMPlifier ...........ccooiiiiieiiiiiee e 2-164
HA-5180/80A J-FET Precision, Low Bias Current Operational Amplifier..........cccccocvniiiinnnn 2-169
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Analog Product Listing (Continued)

Operational Amplifiers: Low Power

SINGLES:

PAGE
HA-5141 Ultra-Low Power Operational Amplifier ... 2-142
HA-5151/52/54 Low Power Operational AMPplifiers ..o 2-153
DUALS:
HA-5142 Dual Ultra-Low Power Operational Amplifier. 2-142
HA-5151/52/54 Low Power Operational AmMPIifiers ... 2-153
QUADS:
HA-5144 Quad Ultra-Low Power Operational Amplifier ..........ccoviiicivniiieiieneceeeiinne 2-142
HA-5151/52/54 Low Power Operational AMPlfiers ......c.ccovieiiiieiieiicce e 2-153
Operational Amplifiers: General Purpose
SINGLES:
HA-2600/02/05 General Purpose High Performance Operational Amplifiers............cccooiiiiiiini 2-72
HA-5101/5111 ADVANCE Low Noise, High Performance Operational Amplifiers .........cccocoeoviviiniiiiienne 2-128
DUALS:
HA-5102 Dual Low Noise Operational AMPlIfier.........c.coooveiiieniiiniiniiccee e 2-129
HA-5112 Dual High Slew Rate, Low Noise Operational Amplifier ..., 2-129
QUADS:
HA-2400/04/05 PRAM Four Channel Programmable Amplifiers.........c.ccoceooviiiiiiiiiiiieiccie 2-30
HA-2406 Digital Selectable Four Channel Operational Amplifier .. 2-34
HA-5104 Quad Low Noise Operational Amplifier .......c.c.cccervecnencnn. . 2-129
HA-5114 Quad High Slew Rate, Low Noise Operational Amplifier 2-129
Operational Amplifiers: High Voltage
HA-2640/45 High Voltage Operational AMplifiers ... 2-84
Operational Amplifiers: Addressable
HA-2400/04/05 PRAM Four Channel Programmable Amplifiers...........ccocooviveciiiiennineicccnee 2-30
HA-2406 Digital Selectable Four Channel Operational Amplifier .... . 2-34
Operational Amplifiers: Current Buffers
HA-2630/35 High Performance Current BOOSEErS .........c.oovvvieicciiii i 2-80
HA-5002 Wideband, High Slew Rate, High Output Current Buffer ... 2-116
HA-5033 Wideband, High Slew Rate Current BUffer.........cccecvviiviiiiiiiniesiiciin e 2-120
Operational Amplifiers: Sample and Hold
HA-2420-1 High Temperature Sample and Hold Amplifier 7-5
HA-2420/25 Fast Sample and Hold Amplifier ..o . 7-10
HA-5320 High Speed Precision Sample and Hold Amplifier..... . 717
HA-5330 Very High Speed Precision Sample and Hold Amplifier.........ccccoiinnenenninen 7-24
Comparators
HA-4900/02/05 Quad High Speed COmMPAaratorS .......ccuoiieiieriiiieeice ettt 2-109

Control Functions
HV-1000/1000A INduction MOOr ENErgy SAVET ......cooeiiiiiiietieie ettt 2-183



Switches
SPST:

HI-5040

2 x SPST:
HI-200
HI-300
HI-304
HI-381
HI-5041
HI-5048

4 x SPST:
HI-201
HI-201HS
SPDT:
HI-301
HI-305
HI1-387
HI-5042
HI-5050

2 x SPDT:
HI-303
HI-307
HI-390
HI-5043
HI-5051
DPST:
HI-5044

2 x DPST:
HI-302
HI-306
H1-384
HI-5045
HI1-5049
DPDT:
HI-5046/46A
4PST:

HI-5047/47A

Analog Product Listing (Continued)

PAGE
Low ON Resistance SPST Analog SWitCh .........ccoccceiiiniiiiiiciiini e 3-37
Dual SPST General Purpose CMOS Analog SWitCh ...........ccciiivininiiiinieiee 3-6
Dual SPST Precision CMOS Analog Switch ...........
Dual SPST Precision CMOS Analog Switch ..................
Dual SPST Precision CMOS Analog Switch ..................
Low ON Resistance Dual SPST Analog Switch...
Low ON Resistance Dual SPST SWitCh ........coeveiiiiiiiiiiicscnecncse s
Quad SPST General Purpose CMOS Analog SWitCh...........cccoccvniiviniiciiiincins 3-12
Quad SPST High Speed CMOS Analog SWitCh........cccoouioinirneniiiiric s 3-18
SPDT Precision CMOS Analog SWitCh ... Leiereeevennas 3-27
SPDT Precision CMOS Analog Switch............iees . 3-27
SPDT Precision CMOS Analog Switch ..............c.... 3-32
Low ON Resistance SPDT Analog Switch. 3-37
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Ordering Information

Harris products are designated by “Harris Product
Code”. These products will always begin with the
letter'H’and specific device numbers are isolated by

hyphens. An example product code is shown below.
When ordering, please refer to products by the full
code identification.

H
PREFIX:—]_

0—:

HARRIS PRODUCT CODE EXAMPLE

Il 1 — 0508A — 5

— —I_
PART NUMBER
H (HARRIS)
FAMILY: TEMPERATURE:
A: Analog —1: 09C to +200°C*
. —2. 550 (e}
C: Communications 21 -5509C to +1250C
D: Digital —4: -250C to +850C
E: Filters —5: 00C to +75°C
I: Interface —6: 100% +259C Probe (Dice Only)
. —7: Dash-7 High Reliability Commercial
M: Memory
. 0, 0
V: "Analog, High Voltage Product. 09C to +75, c .
Y: Analog Hybrids . —8: Dash-8 Program, Hi-Rel Processing
’ with Burn-in, -559C to +1250C
PACKAGE: —9: -400C to +850C
1—: Dual-In-Line, Ceramic —9+: -400C to +850C with Burn-in
2 —: Metal Can /883: MIL-STD-883 Class B, Full Compliance
3 —: Dual-In Line, Plastic
4 —: Ceramic Leadless Chip Carriers (LCC)
4P —: Plastic Leaded Chip Carriers (PLCC)
5— LCC Hybrid . * Special high temperature testing available on
7 —: Mini-DIP, Ceramic certain product types. Consult factory for
Chip Form availability.

COMMERCIAL, INDUSTRIAL PRODUCTS

Harris Semiconductor offers a variety of product
grades to let you satisfy system requirements.
These grades are differentiated in four areas:

1) Operating Temperature Range

)

2) Electrical Performance

3) Package Type

4) Additional Screening Tests

These parts are marked with appropriate prefix and
suffix designations. Product designations for each
of the grading parameters are illustrated in the
Product Code Example. The information contained
in this catalog is intended to describe the expected
product performance under the specified operating
conditions for each temperature and performance
grade.

Device testing sufficient to assure conformance is
performed to provide the highest quality in the most
cost-effective manner. For those customers who
wish to have additional screening (burn-in, etc.),
Harris offers DASH 7, DASH 8 and DASH 9+

cified over the -550C to +1250C temperature
range with the additional screening indicated in
Chapter 9. Please refer to the “Military Products”
section for information regarding Harris Semicon-
ductor’s MIL-STD-883 compliant program.

SPECIAL ORDERS

For best availability and price, it is urged that
standard “Product Code” devices be specified,
which are available worldwide from authorized
distributors. Where enhanced testing is needed,
please refer to the Harris standard DASH 7, DASH 8
or DASH 9+ screening options described in this data
book. Harris application engineers may be
consulted for information concerning suitability of a
product for a given application.

If additional electrical parameter guarantees for
reliability - screening are absolutely required, a
Request For Quotation and Source Control
Drawing should be submitted through the local
Harris Sales Office or Sales Representative. Harris
reserves the right to decline to quote, or to request
modification to, special screening requirements.

screening programs (described in section 9 of this

catalog).

Military customers are advised thatthe Harris DASH
8 program is not fully compliant to MIL-STD-883.
The Harris DASH 8 program provides products spe-

MILITARY PRODUCTS

Harris offers a full line of products that are
processed in full conformance to the provisions of
military standards including MIL-STD-883C for
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MILITARY PRODUCTS (Continued)

Class B parts. The requirements for these products
are controlled in one or two ways:

1. Government standards (such as JAN Slash
Sheets or DESC Drawings)

2. Harris Standards

The Harris standard Military Products Program is
based on its experience in the JAN program. JAN
certifications are maintained on our production and
Product Assurance operations and form the basis of
our MIL-STD-883 conformance program. These
areas are regularly audited by Harris and by the U.S.
government to assure compliance.

Selected products have been qualified to the MIL-
M-38510 requirements and are listed on the QPL.
There are also a number of Harris parts which are
specified by DESC Drawings. In addition, Harris
offers many products as fully conformant to MIL-
STD-883 via an internal standards program. Please
contact the factory or your local Harris Sales Office

or Representative for the latest status on military
standard compliant product offerings.

The information in this catalog is intended to de-
scribe the expected part behavior under certain
operating conditions. The product descriptions
contained in this catalog, particularly in the area of
electrical performance, do not precisely reflect
those of our JAN qualified, DESC or MIL-STD-883
compliant products and are not necessarily test re-
quirements for Harris military standard compliant
products.

The actual product test requirements for JAN and
DESC parts are described in theappropriate MIL-M-
38510 slash sheet or DESC Drawing, respectively. In
addition, Harris will be issuing product data sheets
for MIL-STD-883 compliant parts which will de-
scribe actual test requirements. These compliant
products will be identified by a “/883” suffix on the
part number (e.g. HX1-XXXX/883). Please contact
the factory or your local Harris Sales Office or
Representative for details on MIL-STD-883 com-
pliant product offerings. '

GENERAL
INFORMATION




IC Handling Procedures

Harris Analog IC processes produce circuits more
rugged than similar ones. However, no semicon-
ductor is immune from damage resulting from the
sudden application of many thousands of volts of
static electricity. While the phenomenon of catas-
tropic failure of devices containing MOS transistors
or capacitors is well known, even bipolar circuits
can be damaged by static discharge, with altered
electrical properties and diminished reliability.
None of the common IC internal protection net-
works operate quickly enough to positively prevent
damage.

It is suggested that all semiconductors be handled,
tested, and installed using standard “MOS handling
techniques” of proper grounding of personnel and
equipment. Parts and subassemblies should not be
in contact with untreated plastic bags or wrapping
material. High impedance IC inputs wired to a P.C.
connector should have a path to ground on the card.

HANDLING RULES

Since the introduction of integrated circuits with
MOS structures and high quality junctions, a safe
and effective means of handling these devices has
been of primary importance. One method employed
to protect gate oxide structures is to incorporate
input protection diodes directly on the monolithic
chip. However, there is no completely foolproof sys-
tem of chip input protection in existance in the
industry. In addition most compensation networks
in linear circuits are located at high impedance
nodes, where protection networks would disturb
normal circuit operation. If static discharge occurs
at sufficient magnitude (2kV or more), some dam-
age or degradation will usually occur. It has been
found that handling equipment and personnel can
generate static potentials in excess of 10KV in a low
humidity environment; thus it becomes necessary
for additional measures to be implemented to elimi-
nate or reduce static charge. It is evident, therefore,
that proper handling procedures or rules should be
adopted.

Elimination or reduction of static charge can be
accomplished as follows:

® Use conductive work stations. Conductive plas-
tic* mats on work benches and floor, connected to
ground through a 1MQ resistor, help eliminate
static build-up and discharge, Do not use metallic
surfaces.

Ground all handling equipment.

Ground all handling personnel with a conductive
bracelet through 1MQ to ground (the 1MQ
resistor will prevent electroshock injury to per-
sonnel). Transient product personnel should
wear grounding heel straps.

Smocks, clothing, and especially shoes of certain
insulating materials (notably nylon) should not be
worn in areas where devices are handled. These
materials, highly dielectric in nature, will hold, or
aid, in the generation of a static charge. Where
they cannot be eliminated natural materials such
as cotton etc., should be used to minimize charge
generation capacity. Conductive smocks are also
available as an alternative.

Control relative humidity to as high a level as
practical. 50% is generally considered sufficient
(operations should cease if R. H. falls below 25%).

® |onized airblowers reduce charge build-up in
areas where grounding is not possible or
practical.

e Devices should be in conductive carriers during
all phases of transport. Leads may be shorted by
tubular metallic carriers, conductive foam or foil.

e In automated handlilng equipment, the belts,
chutes, or other surfaces should be of conducting
non-metal material. If this is not possible, ionized
air blowers or ionizing bars may be a good
alternative.

*Supplier 3M Company
“Static Control Table Mat 8210/8210R"”
“Static Control Floor Mat 8200/8200R”

Harris Analog IC Technologies

JUNCTION ISOLATION (JI)

This is the most common integrated circuit process.
Bipolar ICs generally begin with a p-type wafer into
which a buried layer pattern, if used, is first diffused.
Then the n-type epitaxial layer is grown, and p-type
isolation walls are diffused around each area which
is to be electrically isolated from the other circuitry.
These isolation walls must be diffused deeply into
the wafer in order to contact the original p-sub-
strate. In operation, the p-substrate and isolation
walls are connected to the most negative circuit

potential, so that each active area is surrounded on
the sides and bottom by a reverse biased junction
through which negligible current flows (Figure 1).

To complete the IC, base and emitter diffusions are
performed, the wafer is coated with aluminum and
the conductor pattern is etched.

A representative Harris device using this process is
the HA-4741.
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DIELECTRIC ISOLATION (DI)

A somewhat different process has been proven par-
ticularly advantageous for fabricating high perfor-
mance analog ICs. This is dielectric isolation (DlI),
where each active area is surrounded on the sides
and bottom by an insulating layer of silicon dioxide,
and for mechanical strength imbedded in polycrys-
talline silicon. This process for bipolar ICs begins
with a wafer of n-type silicon. The side of the wafer
which will eventually be the bottom is deeply etched
to form the sidewall pattern, then silicon dioxide and
polycrystalline silicon are grown to fill the etched
“moats”. The opposite side of the wafer is then pol-
ished until the insulating sidewalls appear at the
wafer surface (Figure 2).. Conventional diffusion
and metallization processes follow to complete the
IC. DI for analog ICs has a number of advantages:

1. Almost all op amp designs require at least one
PNP transistor in the signal path. Typical JI op
amps must use a lateral PNP which inherently
has very low frequency response, limiting typical
compensated bandwidth to 1MHz. The DI
process makes it practical to build a vertical PNP
with much higher bandwidth making possible
compensated op amp bandwidths of 12MHz or
higher (Figure 3). Also, transistor collector to
substrate capacitance is 2/3 less using DI,
further enhancing high frequency performance.

2. Other devices such as optimally specified MOS
or JFET transistors may be fabricated on the
same chip. Isolated diffused and thin film resis-
tors are also practical.

3. The isolation removes the possibility of parasitic
SCRs which might create latchup under certain
sequences of power and signal application.

4. Leakage currents to the substrate under high
temperature conditions are greatly reduced.
While the circuits in this data book were not
specifically designed for operating temperatures
greater than +1250C, many have shown superior
performance. For ICs requiring the ultimate in
radiation resistance, Harris Semiconductor Cus-
tom Integrated Circuits Division should be
consulted.

DIELECTRIC ISOLATED CMOS

JI processed CMOS analog ICs, which are generally
used in conjunction with several power supplies, are
particularly prone to parasitic SCR latchup failures
and failures due to input voltage spikes. The DI
CMOS process, which is compared in detail in
Harris Application Note 521, has proved to be the
best solution.

Since analog multiplexers are often used at the
input of a data acquisition system, particular atten-
tion must be paid to the possibility of damaging
input overvoltage conditions. Harris has provided
an effective answer in the HI-506A through HI-509A
and HI-506LA through HI-509LA multiplexers with
built-in overvoltage protection.
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Competitive Cross Reference Chart

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
ADVANCED MICRO DEVICES (AMD)
AM118 HA-2510
AM1408 HI-5618-5 Faster, Application Resistors
AM1508 HI-5618-2 Faster, Application Resistors
AM318 HA-2515
AM6012 HI-562A Faster, Application Resistors
Initial Linearity
HI-5660 Initial Linearity, Application Resistors
AM6112 HI-774A
AM6420 HA-5320
HA-5330
AM7950 HC-5502A Better Noise, Better Longitudinal
HC-5504 Balance, Lower Power
LF198 HA-2420 Improved Performance
LF398 HA-2425 Improved Performance
SSS1408 HI-5618-5 Faster, Application Resistors
SSS1508 HI-5618-2 Faster, Application Resistors
ANALOG DEVICES (ADI)
52 HA-5180 Monolithic
AD1408 HI-5618-5 Faster, Application Resistors
AD1508 HI-5618-2 Faster, Application Resistors
AD380 HA-2541 Monolithic
AD381 HA-2541 Monolithic
AD389 HA-5320 Faster, Monolithic
AD507 HA-2620 Identical
AD509 HA-2520 Identical
AD515 HA-5180 Monolithic
AD518 HA-2515
AD542L HA-5170 Better AC
AD545 HA-5180 Monolithic
AD547J HA-5170 Better AC
AD562 HI-562A Faster
HI-5660 Faster
AD563 HI-565A Faster
AD565 HI-565A Faster
ADS565A HI-565A
AD566 HI-5660
HI-562
AD566A HI-5660
HI-562A
AD574A HI-574A Digital Timing, Faster
AD575 HI-574A Faster, 12 Bit Accuracy
AD582 HA-2425 Acquisition Time
AD583K HA-2425-5 Identical
AD583K HA-2425-5 Identical
HA-5320 Faster, Better Accuracy
AD585 HI-5320/5330 Faster, More Accurate
AD7502 HI-1828A Maximum Power Supply Voltage
AD7503/01 HI-1818A On Resistance
AD7506 HI-506 Maximum Power Supply Voltage
AD7507 HI-507 Maximum Power Supply Voltage
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
ANALOG DEVICES (ADI) (Continued)
AD7511 HI-201
AD7512 HI-5043
AD7521/31 HI-7541 Improved Linearity
AD7541/41A HI-7541 Lower Output Capacitance
ADADCS80 HI-574A Power, Smaller Package
HI-674A Faster, Power, Smaller Package
ADADCB84/85 HI-674A Power, Smaller Package
HI-774A Faster, Power, Small Package
ADDACO08 HI-5618 Faster, Application Resistors
ADDACS80 HI-5680 Faster
HI-5690V Much Faster
ADDACS5 HI-HI-5685 Faster
HI-5695V Much Faster
ADDACS87 HI-5687 Faster
HI-5697V Much Faster
ADG200 HI-200
ADLHO0032 HA-5190/2542 Monolithic
H0S050 HA-2542 Monolithic
H0S100 HA-5033 Monolithic
ANALOGIC
MN4708 HI-508
HI-1818A
MP1812A HI-5680V Faster, Monolithic, Power
Smaller Package
MP250M HA-2420/25 Faster, Monolithic, Smaller Package
MP260 HA-2420/25 Monolithic, Smaller Package
MP261 HA-2420 Monolithic, Smaller Package
MP270/271 HA-5320 Monolithic, Smaller Package
BECKMAN
7541 HI-7541 Faster, Monolithic
7556 HI-574A Faster, Smaller Package
7580 HI-5680 Faster, Monolithic
BURR-BROWN
3500 HA-2600 Better AC
3503 HA-2505 Identical
3506 HA-2605 Identical
3507 HA-2525 Identical
3508 HA-2625 Identical
3521 HA-5170 Better AC
3522 HA-5180 Better AC and DC
3523 ’ HA-5180 Better AC
3527 HA-5180 Better AC and DC
3528 HA-5180 Better AC
3550 HA-2541 Monolithic
3553 HA-5033 Monolithic
3554 HA-2542 Monolithic




Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
BURR-BROWN (Continued)
ADC80 HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
ADC84/85 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
ADC87 HI-774A Smaller Package, Power
ADC574A HI-574A Identical
ADC674A HI-674A Identical
DAC70 HI-DAC16 Faster, Monolithic
DAC700/701 HI-DAC16
DAC702/703 HI-DAC16
DAC71/72 HI-DAC16 Monolithic, “I” Output
DACS80 HI-5680 Faster, Monolithic, Power
DACB800 HI-5680 Faster, Lower Power
HI-5690V Much Faster, Lower Power
DACS85 HI-5685 Faster, Monolithic, Power
DACS850 HI-5685 Faster, Lower Power
HI-5695V Much Faster, Lower Power
DAC851 HI-5687 Faster, Lower Power
DACS87 HI-5687 Faster, Monolithic, Power
DAC870 HI-5687 Faster, Monolithic
HI-5697V Much Faster, Lower Power
MPC16S HI-506A-5 Identical
MPC4D HI-509A-5 Identical
MPCB800KG HI-516-5 Identical
MPC801KG HI-518-5 Identical
MPC801SG HI-518-2 Identical
MPC8D HI-507A-5 Identical
MPC8S HI-508A-5 Identical
OPA101 HA-5170
OPA102 HA-5170
OPA103 HA-5180 Better AC
OPA104 HA-5180
OPA11 HA-2600
SCH5320 HA-5320 ldentical
SHC298AM HA-2425 Improved Performance
SHC80/85 HA-2425 Faster, Monolithic, Power
SHCS85ET HA-2420 Faster, Monolithic, Power
SHM60 HA-5320 Monolithic, Smaller Package
DATA DEVICE CORPORATION (DDC)
ADHO51 HA-5330 Monolithic, Smaller Package Power
ADH8585 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package
ADH8586 HI-774A Smaller Package, Power
DDC5200 HI-574A Faster
DDC5210/11 HI-674A
DDC5212/16 HI-674A
DDC5240 HI-774A Smaller Package, Power
DDCADCS85 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
DATA DEVICE CORPORATION (DDC)
DDCADC87 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
DDCDACS85 HI-5680 Monolithic, Power
DDCDACS85LD HI-5685 Monolithic, Power
DDCDACS87 HI-5687 Monolithic, Power
DGL13 HA-5320 Monolithic, Smaller Package, Power
THC4460 HA-5320 Monolithic, Smaller Package
DATEL
ADC52XX HI-674A Lower Power
HI-774A Faster, Lower Power
ADC574A HI-574A Identical
ADC8412 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
ADC85C12 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
ADCB8712 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
ADCEH12B1 HI-774A Faster, Smaller Package, Power
ADCHX12B HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
ADCL12B2 HI-574A Smaller Package
HI-674A Faster, Smaller Package
ADCM12B2 HI-674A Smaller Package
HI-774A Faster, Smaller Package
ADCMA12B2A HI-574A Faster, Smaller Package
ADCMA12B2B HI-574A Smaller Package
HI-674A Faster, Smaller Package
AM450 HA-2505
AM452 HA-2525
AM460 HA-2605
AM462 HA-2625
AM464 HA-2645
DACO08B HI-5618 Faster, Application Resistors
DAC562 HI-562A Identical
DAC71/72 HI-DAC16 Monolithic
DAC7541 HI-7541 Equivalent
DAC85 HI-5685 Faster, Monolithic, Power
HI-5695V Much Faster, Monolithic
DACB85C HI-5680 Faster, Monolithic, Power
HI-5690V Much Faster, Monolithic
DAC87 HI-5687 Faster, Monolithic, Power
HI-5697V Much Faster, Monolithic
DACHA12B HI-7541 Faster, Monolithic
DACHP16B HI-DAC16 Monolithic
DACHR16B HI-DAC16 Monolithic, Smaller Package
DACHZ12B HI-5680/85/87 Faster, Monolithic :
HI-5690/5/7V Much Faster, Monolithic
DACIC10B HI-5610 Faster, Application Resistors




Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
DATEL (Continued)
DACIC8B HI-5618 Faster, Application Resistors
MV1606 HI-506 Identical
Mv808 HI-1818A Identical
MVD409 HI-1828A Identical
MVD807 HI-507 Identical
MX1606 HI-506A Identical
MX1616 HI-516 Identical
MX808 HI-508A Identical
MX818 HI-518 Identical
MXD409 HI-509A Identical
MXD807 HI-507A Identical
SHM1C-1 HA-2425 Identical
SHM1C-1M HA-2420 Identical
SHM20 HA-5320 Identical
SHM6M HA-5320 Monolithic, Smaller Package
HA-5330 Faster, Monolithic, Smaller Package
SHM9M HA-2420 Faster, Monolithic, Smaller Package
SHMLM-2 HA-2420 Faster
EXAR
XR3417 HC55564
XR4212 HA-4741
XRT-5670 HC-5560 More Codes
FAIRCHILD
uA0801/02 HI-5618 Faster, Application Resistors
uA198 HA-2420 Improved Performance
MA398 HA-2425 Improved Performance
uA565 HI-565A
HITACHI
HA-17408 HI-5618 Faster, Application Resistors
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
HYBRID SYSTEM
ADCS550 HI-574A Faster, Smaller Package, Power
ADC581 HI-574A
HI-674A Faster
DAC328i-16 HI-DAC16 Monolithic, Smaller Package
DAC331-12 HI-7541 Faster
DAC335-12 HI-5687V Faster, Monolithic
HI-5697V Faster, Monolithic
DAC346C-12 HI-5680V Faster, Monolithic
HI-5690V Faster, Monolithic
DAC347LP-12 HI-5687V Faster, Monolithic
HI-5697V Faster, Monolithic
DAC372 HI-5680 Monolithic
DAC3721-10 HI-5610 Faster, Monolithic, Smaller Package
DAC3721-8 HI-5618 Faster, Monolithic
DAC395-8 HI-5618 Monolithic, Smaller Package
HS346 HA-5320 Faster, Monolithic
HS5200 HI-674A
HI-774A Faster
HS574 HI-574A Digital Timing, Faster
HS730 HA-5320 Monolithic, Smaller Package
HA-5330 Faster, Monolithic, Smaller Package
HS7541 HI-7541 Lower Output Capacitance
HSDACS80 HI-5680 Faster, Monolithic, Power
HSDACB87 HI-5687 Faster, Monolithic, Power
MUX201 HI-1818A Lower Power, Smaller Package
SH725 HA-2420 Faster, Monolithic, Smaller Package
INTECH
104BIN-P HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
411-10BIN HI-5610 Faster, Smaller Package
416BIN HI-DAC16 Smaller Package
A3101 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
A3155 HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
AAB880/880-2 HA-5320 Faster, Monolithic, Power
A881 HA-5320 Monolithic, Smaller Package, Power
A882/884 HA-2420/25 Faster, Monolithic, Power
ADC111 HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
ADC2812 HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
ASH240/250 HA-2420/25 Monolithic, Smaller Package, Power
ASH271 HA-5320 Monolithic, Smaller Package, Power
CY2219 HI-7541 Faster, Smaller Package, Power
CYAAD12QM HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power




Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES

INTEL

D2912 HC-5512 Lower Power, Lower Noise

D2912A HC-5512 Lower Power, Lower Noise

HC-5512A Lower Power, Lower Noise

D2910 HC-5510 Lower Power, Two Supplies

D2910A HC-5510 Lower Power, Two Supplies

D2911 HC-5511 Lower Power, Two Supplies

D2911A HC-5511 Lower Power, Two Supplies
INTERSIL

AD7521/31 HI-7541 Improved Linearity

AD7541 HI-7541 Lower Output Capacitance

DG200 HI-200 Dielectric Isolation

DG201 HI-201 Dielectric Isolation

HA-2500 HA-2500 Identical

HA-2510 HA-2510 Identical

HA-2520 HA-2520 Identical

HA-2600 HA-2600 Identical

HA-2620 HA-2620 Identical

ICL7611 HA-2720 Better Noise

ICL7615 HA-5141 Better AC and Noise

ICL7621 HA-5142 Better AC and Noise

ICL7642 HA-5144 Better AC and Noise

ICL8017 HA-2520

ICL8021 HA-2720 Better AC

1H201 HI-201 Dielectric Isolation

IH5040 HI-5040 Dielectric Isolation

IH5041 HI-5041 Dielectric Isolation

IH5042 HI-5042 Dielectric Isolation

IH5043 HI-5043 Dielectric Isolation

IH5044 HI-5044 Dielectric Isolation

1H5045 HI-5045 Dielectric Isolation

1H5046 HI-5046 Dielectric Isolation

1H5047 HI-5047 Dielectric Isolation

IH5048 HI-5048 Dielectric Isolation

IH5049 HI-5049 Dielectric Isolation

IH5050 Hi-5050 Dielectric Isolation

IH5051 HI-5051 Dielectric Isolation

IH5108 HI-508A Signal Range, Same Pinout

1H5110/11 HA-2420/25 Monolithic

IH5112/13 HA-2420/25 Monolithic

IH5114/15 HA-2420/25 Monolithic

1H5200 HI-200 Dielectric Isolation

IH5201 HI-201 Dielectric Isolation

IH5208 HI-509A VIN Range, Same Pinout

IH6108 HI-508 RON:, DI, Same Pinout

IH6116 HI-506 RON:, DI, Same Pinout

1H6208 HI-509 RON., DI, Same Pinout

IH6216 HI-507 RON, DI, Same Pinout

GENERAL
INFORMATION




Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
INTRONICS
A-560 HA-2525
A-561 HA-2625
MICRO NETWORKS (MNI)
ADC80 HI-574A Smaller Package, Power
HI-674A Faster, Smaller Package, Power
DAC80 HI-5680 Faster, Monolithic, Power
HI-5690V Much Faster, Monolithic
DACB85 HI-5685 Faster, Monolithic, Power
HI-5695V Much Faster, Monolithic
DAC87 HI-5687 Faster, Monolithic, Power
HI-5697V Much Faster, Monolithic
MN-ADC84/85/87 HI-674A Smaller Package, Power
HI-774A Faster, Smaller Package, Power
MN3009 HI-5618 Monolithic
MN3014 HI-5618 Monolithic
MN3348 HI-5680V/87V Faster, Monolithic, Power
MN3349 HI-5685V/87V Faster, Monolithic
MN3412 HI-7541 Monolithic
MN343/344 HA-2420 Faster, Monolithic
MN346/347 HA-5320 Faster, Monolithic
MN370/371 HI-5687V Monolithic
MN373 HA-5320 Faster, Monolithic
MN375 HA-5330 Monolithic, Lower Power
MN5200 HI-574A Faster
MN5210 HI-674A Two Chip Design
HI-774A Faster, Two Chip Design
MN5240 HI-774A Smaller Package, Power
MN565A HI-565A
MN574A HI-574A Faster
MICRO POWER SYSTEMS (MPS)
MP200DI HI-200
MP201DI HI-201
MP5507 HA-OPQ7 Better AC
MP5527 HA-OP27
MP5537 HA-OP27
MP562 HI-562A Faster
MP574 HI-574A Digital Timing, Faster
MP7501/03 HI-1818A
MP7502 HI-1828A
MP7506 HI-506 DI Processing
MP7507 HI-507 DI Processing
MP7508DI HI-508 Input Overvoltage Isolation
MP7509DI HI-509 Input Overvoltage Isolation
MP7521/31 HI-7541 Improved Performance
MP7541 HI-7541
MP7621/23 HI-7541
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT |- REPLACEMENT ADVANTAGES
MITEL
MT8912 | HC-5512 Better Noise, Better Cross Talk
MOSTEK
MK5912 | HC-ss12 Better Noise
MOTOROLA
AD562A HI-562A Improved Nonlinearity
MC1408 HI-5618-5 Faster, Application Resistors
MC1430 HA-2600 Better AC
MC1431 HA-2600 Better AC
MC1436 HA-2640 Better AC and DC
MC1508 HI1-5618-2 Faster, Application Resistors
MC3403 HA-4741 Better Noise
MC3410 HI-5610-5 Faster, Application Resistors
MC3412 HI-565A
MC3417 HC-55564 Lower Power, Few External
Components
MC3419 HC-5502A Better Longitudinal Balance, Better
Transhybrid Loss, Fewer External
Components
HC-5504 Better Longitudinal Balance, Better
Transhybrid Loss, Fewer External
Components
MC145439 Chip Reset
MC3510 HI-5610-2 Faster Application Resistors
MC4741 HA-4741 Better AC, Fewer External
Components
NATIONAL SEMICONDUCTOR (NSC)
AD7521/31 HI-7541 Improved Linearity
ADC1080/1280 HI-574A Smaller Package, Lower Power
HI-674A Faster, Smaller Package, Power
ADC1210/11 HI-574A Faster, Complete A/D
DAC0800/01/02 HI-5618 Faster, Application Resistors
DAC0806/06/08 HI-5618 Faster, Application Resistors
DAC1200/01 HI-5685V/87V Faster, Lower Power
DAC1218/19 HI-7541
DAC1220/21/22 HI-7541
DAC1265 HI-565A
DAC1266

HI-5660
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
NATIONAL SEMICONDUCTOR (NSC) (Continued)
DAC1280 HI-5690V HI-5680 Monolithic, Performance
HI-5690V Faster, Monolithic
DAC1285 HI-5685/87 Monolithic, Performance
LF0023/43 HA-2420 Monolithic, Performance
LF0053 HA-2420/25 Monolithic
HA-5320 Faster, Monolithic
LF11201 HI-201 CMOS Dielectric Isolation
LF11508 HI-508-2 Faster, RON, Power
LF11509 HI-509-2 Faster, RON, Power
LF13201 HI-201 CMOS Dielectric Isolation
LF13508 HI-508-5 Faster, RON, Power
LF13509 HI-509-5 Faster, RON, Power
LF147 HA-5104
LF198 HA-2420 Improved Performance
LF398 HA-2425 Improved Performance
LH0002 HA-5002 Monolithic, Better AC and DC
LHO0003 HA-2520 Monolithic
LH004 HA-2640 Monolithic
LHO05 HA-2620 Monolithic
LH0022 HA-5180 Monolithic, Better AC and DC
LHO0032 HA-2542 Monolithic
LH0033 HA-5033 Monolithic, Better DC
LHO0042 HA-5180 Monolithic, Better AC and DC
LHO0062 HA-5160 Monolithic, Better AC
LM108A HA-5135 Better DC and AC
LM124 HA-4741 Better AC
LM144 HA-2640
LM208A HA-5135 Better DC and AC
LM308A HA-5135 Better DC and AC
LM344 HA-2645
TP3040 HC-5512 Better Noise
TP3040A HC-5512A Better Noise
TP3020 HC-5510 Identical
TP3021 HC-5511 Identical
TP3054 HC-5554
TP3057 HC-5557
MF-10 HF-10 Better Noise, Better Crosstalk,
Milspec Temperature Range
PRECISION MONOLITHICS, INC. (PMI)
DAC-08 HI-5618 Faster, Application Resistors
DAC-10 HI-5610 Application Resistors
DAC-100 HI-5610 Faster, Monolithic
DAC-1408 HI-5618-5 Faster, Application Resistors
DAC-1508 HI-5618-2 Faster, Application Resistors
DAC-312 HI-562A Initial Linearity, Application Resistors
DMX-88 HI-508 V|N Range, Lower Power
GAPO1 HA-2400 4 Channels
MUX-08 HI-508 Faster Switching
MUX-16 HI-506 Faster Switching
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Competitive Cross Reference Chart (Continued)

MANUFACTURER
PART NUMBER

HARRIS
PIN-FOR-PIN
REPLACEMENT

HARRIS
CLOSEST
REPLACEMENT

HARRIS
ADVANTAGES

PRECISION MONOLITHICS INC.(PMI) (Continued)

MUX-24 HI-509 Faster Switching
MUX-28 HI-507 Faster Switching
MUX-88 HI-508 Faster Switching
OPO1 HA-2500 Better AC
OPO05 HA-5135 Better AC and DC
OPO7 HA-OPOQ7 Better AC and DC
OP11 HA-4741
OP20 HA-5141 Better AC
oP27 HA-OP27
OP37 HA-OP37
0OP220 HA-5142 Better AC
OP420 HA-5144 Better AC
PM-562 HI-562A Faster
SMP-10/11 HA-2420/25 Lower Power
HA-5320 Faster, Improved Accuracy
SMP-81 HA-2420/25 Lower Power
HA-5320 Faster, Improved Accuracy
RAYTHEON (RAY)
LM108A HA-5135 Better AC and DC
LM208A HA-5135 Better AC and DC
LM308A HA-5135 Better AC and DC
RC4131 HA-2605 Better AC
RC4136 HA-4741
HA-4741
RC4531 HA-2505 Dielectric Isolation
RC4741 HA-4741 Better AC
RM4131 HA-2600 Better AC
RM4136 HA-4741
RM4531 HA-2500 Dielectric Isolation
RM4741 HA-4741 Better AC
RCA
CA3020 HA-2542
CA3078 HA-5141
CA31000 HA-2620
CA6078 HA-2720
CD4016 HI-201 Better AC and DC
CD22103 HC-5560 More Codes, Asynchronous
SIGNETICS (SIG)
AM6012 HI-562A Initial Linearity, Application Resistors
HI-5660 Initial Linearity, Application Resistors
DACO08 HI-5618 Faster, Application Resistors
LF198 HA-2420 Improved Performance
LF398 HA-2425 Improved Performance
MC1408 HI-5618-5 Faster, Application Resistors
MC1508 HI-5618-2 Faster, Application Resistors
MC3410/10C HI-5610-5 Faster, Application Resistors
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES

SIGNETICS (SIG) (Continued)
MC3510 HI-5610-2 Faster, Application Resistors
NE531 HA-2515
NES5410 HI-5610-5 Faster, Application Resistors
NE5532 HA-5102 Better Noise
NES5533 HA-5112 Better Noise
NE5534 HA-5101/11
NE5537 HA-2425-5 Lower Power

HA-5320-5 Faster

NE5539 HA-2539 Better AC
SE531 HA-2510
SE5410 HI-5610-2 Faster, Application Resistors
SE5532 HA-5102 Better Noise
SE5533 HA-5112 Better Noise
SE5534 HA-5135
SE5539 HA-2539 Better AC

SILICONIX
DG181 HI-381 Dielectric Isolation
DG182 HI-381 Dielectric Isolation
DG184 HI-384 Dielectric Isolation
DG185 HI-384 Dielectric Isolation
DG187 HI-387 Dielectric Isolation
DG188 HI-387 Dielectric Isolation
DG190 HI-390 Dielectric Isolation
DG191 HI-390 Dielectric Isolation
DG200A HI-200 Dielectric Isolation
DG201A HI-201 Dielectric Isolation
DG211 HI-201 Full Temperature Range Specified
DG300A HI-300 Dielectric Isolation
DG301A HI-301 Dielectric Isolation
DG302A HI-302 Dielectric Isolation
DG303A HI-303 Dielectric Isolation
DG304A HI-304 -Dielectric Isolation
DG305A HI-305 Dielectric Isolation
DG306A HI-306 Dielectric Isolation
DG307A HI-307 Dielectric Isolation
DG381A HI-381 Dielectric Isolation
DG384A HI-384 Dielectric Isolation
DG387A HI-387 Dielectric Isolation
DG390A HI-390 Dielectric Isolation
DG5040 HI-5040 Dielectric Isolation
DG5041 HI-5041 Dielectric Isolation
DG5042 HI-5042 Dielectric Isolation
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
SILICONIX (Continued)
DG5043 HI-5043 Dielectric Isolation
DG5044 HI-5044 Dielectric Isolation
DG5045 HI1-5045 Dielectric Isolation
DG506 HI-506 Lower Power, DI Processing
DG506A HI-506 Lower Power, DI Processing
DG507 HI-507 Lower Power, DI Processing
DG507A HI-507 Lower Power, DI Processing
DG508 HI-508 Lower Power, DI Processing
DG508A HI-508 Lower Power, DI Processing
DG509 HI-509 Lower Power, DI Processing
DG509A HI-509 Lower Power, DI Processing
DG528 HI-508LA Overvoltage Protection, DI
Processing
DG529 HI-509LA Overvoltage Protection, DI
Processing
SD5200 HI-201HS Dielectric Isolation
DG271 HI-201HS Higher Speed
SOLITRON
CM4016A HI-201 Better AC and DC
UC4000 HA-2600
UC4002 HA-2605
SPRAGUE
ULN2139 HA-2600
ULN2151 HA-2600
ULN2156 HA-2600
ULN2157 HA-2650
ULN2158 HA-2650
ULN2171 HA-2600
ULN2172 HA-2620
ULN2173 HA-2600
ULN2174 HA-2620
ULN2175 HA-2600
ULN2176 HA-2600
TELEDYNE PHILBRICK
1321 HA-2620 Identica
1322 HA-2520 Identica
1332 HA-2645 Identica
1339 HA-2625
Operating Temperature Range
— Package Type
SILICONIX DG506AR
Absolute Maximum Supply Voltage Identifier
Operating Temperature Range
Package Type
DG506AAR
Package Type
*input Overvoltage Protection
Operating Temperature Range
HARRIS HI1-506A-5

*Note; The Harris HI-50XA family features input overvoltage protection for which there are no Siliconix equivalents.
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Competitive Cross Reference Chart (Continued)

HARRIS HARRIS
MANUFACTURER PIN-FOR-PIN CLOSEST HARRIS
PART NUMBER REPLACEMENT REPLACEMENT ADVANTAGES
TELEDYNE PHILBRICK (Continued)
1341 HA-2540 Identical
1342 HA-2539 Identical
1343 HA-5190 ldentica
1344 HA-5160 Identical
1345 HA-5162 Identical
1346 HA-5180 Identical
1347 HA-5180A Identical
1437 HA-2541 Monolithic
1438 HA-2541 Monolithic
1460 HA-2542 Monolithic
1466 HA-2542 Monolithic
4058 HI-5680 Monolithic
4058-83 HI-5687 Monolithic
4068A HI-562A Identical
4084 HI-5618 Identical
4088 HI-DAC16 Identical
4189 HI-774A
4551 HI-507A Identical
4552 HI-506A Identical
4553 HI-509A Identical
4554 HI-508A Identical
4853 HA-5320 Monolithic, Smaller Package
4854 HA-2420 Faster, Monolithic, Smaller Package
4856 HA-2420/25 Identica
4857 HA-5320 Monolithic, Smaller Package, Power
4866 HA-5320 Identical
7541 HI-7541 Identical
DACS80I/V HI-56801/V Identical
TP5210 HI-674A
HI-774A Faster
TP565A HI-565A Identical
TP574A HI-574A Identical
TPADC85/87 HI-774A
TEXAS INSTRUMENTS (TI)
TCM2201 HC-5560 Lower Power, More Codes
TCM2910A HC-5510 CMOS
TCM2911A HC-5511 CMOS
TCM2912C HC-5512 Better Noise, Better Cross Talk,
Lower Power
TCM4110 HC-5510 Lower Power, Two Supplies
TCM4910 HC-5510 Lower Power, Two Supplies
TLO022 HA-5142 Better DC
TLO44 HA-5144 Better DC
TRANSITRON
TOAT7709 HA-2600
TOA8709 HA-2605
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High Temperature Electronics

To serve the growing need for electronics that will.
operate in severe high temperature environments,
Harris will offer integrated circuits that have been
characterized over elevated temperatures and that
have electrical characteristics guaranteed at 2000C.

Typical applications include:

e Well Logging

e Industrial Process Control

e Engine Control and Testing

e High Temperature Data Acquisition Systems

It is the intention of Harris Semiconductor to make
available in the high temperature series (identified
by the -1 suffix following the device part number) all
the basic elements required for the designer to build

a data acquisition system that will function to speci-
fied limits at 2000C.

The devices to be offered:
e Operational Amplifiers
e Analog Switches

e Analog Multiplexers

e 12 Bit Digital to Analog Converter

e Sample & Hold Amplifiers

e A/D Converters

All parts offered in the -1 series have had their elec-

trical performance parameters characterized up to
2500C.

Production flow of -1 parts includes 160 hours burn-
in and final electrical test at 2000C.

Devices available Now:

o HA-2420-1 Sample & Hold Ampilifier
e HA-2600-1 Operational Amplifier

e HA-2620-1 Operational Amplifier

e HI|-200-1 Analog Switch

e HI|-201-1 Analog Switch

Consult factory for price and availability informa-
tion.

Advanced Packaging Techniques

Harris Semiconductor is now offering Leadless
Chip Carriers (LCC) as a packaging option on
various Analog integrated circuits. An LCC is a
square or rectangular package for an Integrated
Circuit (IC) that is manufactured in the same
manner as a conventional side-braze dual-in-line
package (DIP). The LCC is essentially comprised of
the cavity and seal ring section of a standard DIP. It
offers the user a means of achieving high density
system configurations while retaining the reliability
benefits of hermetic IC packaging. Figure 1
provides a comparison of the construction of an
LCC and a conventional side-braze DIP.

The LCC's two principle advantages over conven-
tional side-braze DIPs are packaging density and
electrical performance. Packaging density is the
number one advantage to an LCC over a side-braze
DIP. The size of a DIP is governed primarily by the
number of leads required and not by the size of the
IC. As pin count increases, more and more of the
DIP package is used only to provide an electrical
trace path to the external leads. The size of an LCC
is dependent on the size of the die not on the
number of leads. As pin countincreases, overall size
increases but at a much slower rate. Table 1 pro-
vides a comparison between the areas of 18, 28 and
48 lead LCCs to 18, 28 and 48 lead side-braze DIPs.

The chart indicates a 270% improvement in
packaging area for the 18 lead LCC, and 542%
improvement for the 48 lead LCC. Obviously, size-
able savings in circuit board area can be achieved
with this packaging option. The second major ad-
vantage of the LCC is in electrical performance. The
package size and geometry also dictates trace
length and uniformity. Figure 2 provides a compari-
son between the trace lengths for various LCCs and
side-braze DIPs. As pin count goes up, trace lengths
get longer, adding resistance and capacitance
unequally around the package. As ICs get faster and
more complex these factors start to become a limit-
ing factor on performance. LCCs minimize this
effect by maintaining, as close as possible, uniform
trace length so that the package is significantly
smaller determinant of system performance.

The LCC also offers environmental advantages over
“chip-and-wire” manufacturing techniques used in
high density hybrid circuits. An IC can be fully
tested, burned-in and processed in an LCC, thereby
guaranteeing its performance.

The IC is further protected by a small hermetic
package in which internal wafer vapor content can
be carefully controlled during production.

1-27

GENERAL
INFORMATION




Advanced Packaging Techniques (Continued)

In summary, Harris Semiconductor Leadless Chip A list of products available in LCC form is provided
Carriers use a proven technology to provide a relia-  in the Packaging Section on page 13-3. Consult the
ble high density, high performance packaging factory or your Harris sales- representative for
option for today’s systems. pricing and availability.

CHIP CARRIER

DIP
SEAL RING
DIE CAVITY
)/
\._ BONDING PADs%
EXTERNAL CONTACTS
TRACES
DIE PAD
‘@ LEAD | LONGEST TRACE DIP | LONGEST TRACE
COUNT | LONGEST TRACE CC | SHORTEST TRACE
EXTERNAL CONTACT PADS i % w
ASSEMBLY R 18 2:1 1.5:1 6:1
Y . METAL LEADS 24 4:1 1.5:1 3:1
40 5:1 1.56:1 6:1
54 6:1 1.5:1 7:1
FIGURE 1. Exploded view of Chip FIGURE 2. Electrical Performance
Carrier and DIP. (Resistance and Speed)
TABLE |
DIP AREA
LEAD LcC DIP VS.
COUNT AREA AREA LCC AREA

18 0.10 0.22 270%

28 0.20 0.84 420%

48 0.31 1.68 542%

(All units in square inches)
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Operational Amplifiers,
Comparators &

Control Functions

Product Index
Ordering Information

Standard Products
Packaging Availability

Selection Guides
Operational Amplifiers Glossary

Product Information

ABSOLUTE MAXIMUM RATINGS

2-3

2-5

2-11

2-12

As with all semiconductors, stresses listed under “Absolute Maximum Ratings”
may be applied to devices (one at a time) without resulting in permanent damage.
This is a stress rating only. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. The conditions listed under
“Electrical Characteristics” are the only conditions recommended for

satisfactory operation.
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HA-OPO7
HA-OP27
HA-OP37
HA-2400/04/05
HA-2406
HA-2500/02/05
HA-2510/12/15
HA-2520/22/25
HA-2539
HA-2540
HA-2541
HA-2542
HA-2544
HA-2600/02/05
HA-2620/22/25
HA-2630/35
HA-2640/45
HA-2650/55
HA-2720/25
HA-4600/02/05
HA-4741
HA-4900/02/05
HA-5002
HA-5033
HA-5101/5111
HA-5102
HA-5104
HA-5112
HA-5114
HA-5130/35
HA-5134
HA-5141/42/44
HA-5147
HA-5151/52/54
HA-5160/62
HA-5170
HA-5180/80A
HA-5190/95
HV-1000/1000A

Operational Amplifiers, Comparators
and Control Functions

Precision Operational AMPIFEr........cccocoeviieveiiiniees i essenaas e :
Preceision, Low Noise Operational Amplifier '
High Slew Rate, Precision, Low Noise Operational Amplifier
PRAM Four Channel Programmable Amplifiers ............c........
Digital Selectable Four Channel Operational Amplifier..
High Slew Rate Operational Amplifiers ...
High Slew Rate Operational Amplifiers .
High Slew Rate Operational Amplifiers ...........cccceceennee.
High Slew Rate, Wide Bandwidth Operational Amplifier..........ccccevvvniiciniiiiinnins
High Slew Rate, Wide Bandwidth Operational Amplifier...........cccccovvniiiiiiiiiiiinn,
High Slew Rate, Unity Gain Stable Operational Amplifier .
High Slew Rate, Power Operational Amplifier ................
Video Operational Amplifier......... .

Wide Bandwidth Operational Amplifiers...
Wide Bandwidth Operational Amplifiers...
High Performance Current BOOStErS.........coovveiiiieiiiicrieciic s
High Voltage Operational Amplifiers............... OO
Dual High Performance Operational Amplifiers ....
Programmable Low Power Operational Amplifiers ..
Quad High Performance Operational Amplifiers....
Quad Operational Amplifier ........cccoeveveennne
Quad High Speed Comparators................
High Slew Rate, High Output Buffer Amplifier .........cccoviiiviiiiiniii e
Wideband, High Slew Rate Buffer Amplifier ...
Low Noise, High Peformance Operational Amplifiers..
Dual Low Noise Operational Amplifier ...........ccecoeuee.
Quad Low Noise Operational Amplifier..................
Dual High Slew Rate, Low Noise Operational Amplifier.
Quad High Slew Rate, Low Noise Operational Amplifier ...
Precision Operational AMPHiers ..ot e
Precision Quad Operational Amplifier........c.coeieeiiiiiiii
Ultra-Low Power Operational Amplifiers..........cccoeeennns
High Slew Rate, Precision, Low Noise Operational Amplifier..
Ultra-Low Power Operational Amplifiers........c.ccccecviiiiiniiiinnnns ... 2-153

High Slew Rate, Wide Bandwidth J-FET Operational Amplifiers 2-157
J-FET Precision Operational Amplifier ... ... 2-164
J-FET Precision, Low Bias Current Operational Amplifier..........cccocooviiiininiiiiinninns 2-169
High Slew Rate, Fast Settling Operational Amplifier ... 2-176
Induction Motor Energy SaVer ... 2-183
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Ordering Information

HARRIS PRODUCT CODE EXAMPLE

H A 7 -5135- 5

PREFIX: 4 PART NUMBER
H (HARRIS)
TEMPERATURE:
FAMILY: 1 — 0°C to +2000C *
A — Analog 2 — -550C to +1250C
C — Communications 4 — -250C to +850C
D — Digital 5 — 09Cto+759C
F — Filters 6 — 100% +25°C Probe (Dice Only)
I — Interface 7 — Dash-7 High Reliability Commercial
M — Memory ) Product. 09C to +75°C :
V  — Analog, High Voltage 8 — Dash-8 Program
Y — Analog Hybrids HA2-2520-8 (Example only)
— 400 0
PACKAGE: 9 40°C to +85°C
1 — Dual-In-Line, Ceramic
2 — | £ i i i
Metal Gan ) * Special high temperature testing available S
3 — Dual-in Line, Plastic n certain product types. Consult factory f =3
4 — Leadless Carriers :vailabilit product types. yior =3
5 — LCC Hybrid 4 8 2
7 — Mini-DIP, Ceramic o g
0 — Chip Form = 8
<
a. =
oo
o

Standard Products Packaging Availability

SURFACE

PACKAGE PLASTIC CERAMIC CERAMIC METAL MOUNT
DIP DIP MINI DIP CAN Lec [pLce

3- 1- 7- 2- 4- | ap-

TEMPERATURE | 5 | -7 |1 [-2]-a[-5[-7[-8[-0|2[-a]-s]8[-1]2]-a]5]8] -8 | -5

DEVICE NUMBER

HA-OPO7
HA-OP27
HA-OP37

xX X X
x
X X X
X X X
x
xX X X

x X

HA-2400 X X X
HA-2404 X
HA-2405 X
HA-2406 X X

HA-2500 X X X X
HA-2502 X X X X
HA-2505 X X X

HA-2510 X X X X X
HA-2512 X X X X
HA-2515 X X X

HA-2520 X X
HA-2522 X X
HA-2525 X

HA-2539 X X | X

x X
xX X

HA-2540 X XX
HA-2541
HA-2542 X X
HA-2544 X X X | X

X X X | X
x
x

xX X X

HA-2600
HA-2602
HA-2605 X X X

X X | X X X
X XX X X

x X
xX X
>

HA-2620 X X X X |x
HA-2622 X X
HA-2625 X X X X

xX X
xX X




Standard Products Packaging Availability (Continued)

PACKAGE

PLASTIC
DIP

3-

CERAMIC
DIP

1-

CERAMIC
MINI DIP

METAL

CAN

SURFACE
MOUNT

LcC
4-

PLCC
ap-

TEMPERATURE

-5 | -7

4|2|-a]s5|7]8]9

7-
2|-a]5]-8

2-
EIEIEIEAE

-8

-5

DEVICE NUMBER

HA-2630
HA-2635
HA-2640
HA-2645

HA-2650
HA-2655
HA-2720
HA-2725

HA-4600
HA-4602
HA-4605

HA-4741
HA-4900
HA-4902
HA-4905

X X X

X X X

HA-5002
HA-5033
HA-5101
HA-5102
HA-5104

X X X X

X X X X

X X X X

HA-5111
HA-5112
HA-5114

x X

x X

xX X

xX X

xX X

HA-5130
HA-5134
HA-5135

XX X X|X XXX

x

x

x

>

x

x

HA-5141
HA-5141A
HA-5142
HA-5142A

X X X X|X

X X X XX

X X X X |X

X X X X | X

X X X X | X

X X X X |X

HA-5144
HA-5144A
HA-5147

x

x

x

>

>

X X X

HA-5151
HA-5152
HA-5154

XX XXX X]| XXX X|X

x X

x X

x X

x X

X XX

xX X

HA-5160
HA-5162
| HA-5170

x

x

>

HA-5180
HA-5180A

x X

x X

x X

x X

x X

X X | X X X

HA-5190
HA-5195
HV-1000

XX X (X

x

X | X X |X
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Selection Guide

OPERATIONAL AMPLIFIERS: HIGH SLEW-RATE

Temp. Range
Slew | Bandwidth | Full Power Bias Open Loop | Minimum
Part ssoc [ o°c |-aoc| Rate Product | Bandwidth | Current Gain Gain
Number m':oc ,,'5'2 c .a; " (V/us) (MHz) (MHz) (nA) (V/mV) Stable Comments Page
HA-OP37 X X 17 63 0.3 8 1500 5 Low Noise 2-25
HA-5147 X X 35 100 0.5 8 1800 10 Low Noise 2-148
HA-2620 X 35 100 0.6 1 150 5 2-76
HA-2622 X 35 100 0.6 5 150 5 2-76
HA-2625 X 35 100 0.6 5 150 5 2-76 a 5
HA-2512 X 60 12 1.0 125 15 Unity 2-42 = 5
HA-2515 X 60 12 10 125 15 Unity 2-42 ; 2
HA-2510 | x 65 12 1.0 100 15 Unity 2-42 < E
o | HA-5162 X X 70 100 1.0 0.02 100 10 JFET 2-157 cg
g HA-5160 X X 120 100 19 0.02 150 10 JFET 2-157
% HA-2520 X 120 20 1.9 100 15 3 2-46
HA-2522 X 120 20 19 125 15 3 2-46
HA-2525 X 120 20 1.9 125 15 3 2-46
HA-5190 X 200 150 6.5 5000 30 5 2-176
HA-5195 X 200 150 6.5 5000 30 5 2-176
HA-2541 X X 300 40 47 6000 10 Unity 2-62
HA-2542 X X 350 60 5.5 6000 10 2 Power Output| 2-66
HA-2540 X X | X 400 400 6.0 5000 15 10 2-56
HA-2539 X X X 600 600 9.5 5000 15 10 2-50
HA-5111 X X 20 60 0.3 150 500 10 Low Noise 2-128
g HA-5112 X X 20 60 0.3 130 250 10 Low Noise 2-129
= HA-5114 X 20 60 0.3 130 250 10 Low Noise 2-129
o | HA-2400 30 40 0.5 50 150 10 Addressable 2-30
3 HA-2404 X 30 40 0.5 50 150 10 Addressable | 2-30
3 HA-2405 X 30 40 0.5 50 150 10 Addressable | 2-30
HA-2406 X 30 40 0.5 50 150 10 Addressable 2-34
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OPERATIONAL AMPLIFIERS: WIDE BANDWIDTH

Selection Guide (Continued)

Temp. Range
Gain
ssoc | ooc |-a00c| Bandwidth | Full Power | Slew Bias Open Loop Minimum
Part to to to Product Bandwidth Rate | Current Gain Gain
Number [1125°¢| 75°C [ 85°C|  (MKHz) (MHz) (V/us) | (nA) (V/mV) Stable Comments | Page
HA-2510 12 1.0 65 100 15 Unity 2-42
HA-2512 12 1.0 60 125 15 Unity 2-42
HA-2515 X 12 1.0 60 125 15 Unity 2-42
HA-2600 X 12 0.075 7 1 150 Unity 2-72
HA-2602 X 12 0.075 7 15 150 Unity 2-72
HA-2605 X 12 0.075 7 5 150 Unity 2-72
HA-2520 X 20 2.0 120 100 15 3 2-46
HA-2522 X 20 19 120 125 15 3 2-46
HA-2525 X 20 1.9 120 125 15 3 2-46
» HA-2541 X X 40 4.7 300 6000 10 Unity 2-62
g HA-2542 X X 60 55 350 6000 10 2 Power Output| 2-66
Z | HA-OP37 X X 63 0.3 17 8 1800 5 Low Noise 2-25
@ HA-5147 X X 100 0.5 35 8 1800 10 Low Noise 2-148
HA-2620 X 100 0.6 35 1 150 5 2-76
HA-2622 X 100 0.6 35 5 150 5 2-76
HA-2625 100 0.6 35 5 150 5 2-76
HA-5160 X 100 19 120 0.02 150 10 JFET 2-157
HA-5162 X 100 1.1 70 0.02 100 10 JFET 2-157
HA-5190 150 6.5 200 5000 30 5 2-176
HA-5195 X 150 6.5 200 5000 30 5 2-176
HA-2540 X 400 6.0 400 5000 30 10 2-56
HA-2539 X X 600 9.5 600 5000 30 10 2-50
)
§ HA-5112 X X 60 0.3 20 130 250 10 Low Noise 2-129
HA-2400 X 40 0.5 30 50 150 10 Addressable | 2-30
w | HA-2404 X 40 0.5 30 50 150 10 Addressable | 2-30
g HA-2405 X 40 0.5 30 50 150 10 Addressable | 2-30
o | HA-2406 40 0.5 30 50 150 10 Addressable 2-34
HA-5114 X X 60 0.3 20 130 250 10 Low Noise 2-129




Selection Guide (Continued)

OPERATIONAL AMPLIFIERS: PRECISION

Temperature
Range
Offset Open
Offset Voltage Bias Loop Noise Noise Supply
Part ‘5f°° °:’° “?°C Voltage Drift | Current| Gain Current | Voltage | CMRR | PSRR | Current
o | to
Number | .5 |, s0c ,s:oc wv) wv/eC) [ (nA) | (V/mV) | (pA/\Hz) (ﬂV/vV Hz) | (dB) (dB) (mA) | Comments | Page
HA-5180 X I X X 100 5 0.00003 | 1000 0.01 70 110 105 0.8 JFET 2-169
HA-5170 X | X X 100 2 0.02 600 0.01 10 100 105 1.9 JFET 2-164
HA-5180A | X X X 100 5 0.00003 | 1000 0.01 70 110 105 0.8 JFET 2-169
HA-OP07C X 60 0.4 1 10000 0.14 9.8 120 130 1 2-12 a '5
=2
HA-OPO7E X 10 0.4 1 10000 0.14 96 120 130 1 2-12 8 E
as -
[=]
HA-OPO7 X 10 0.4 1 10000 0.14. 9.6 120 130 1 2-12 <E( E
-2
HA-OPO7A | X 10 0.4 1 10000 0.14 9.6 120 130 1 2-12 °© 8
HA-OP27 X X 10 0.2 10 1500 0.60 3 120 120 3 2-20
HA-OP37 X X 10 0.2 10 1500 0.60 3 120 120 3 High Speed | 2-25
HA-5147 X1 X 10 0.2 10 1800 0.60 3 120 120 3 High Speed | 2-148
HA-5134 X X 50 25 2.0 1000 0.60 7 120 120 5 Quad 2-141

OPERATIONAL AMPLFIERS: LOW POWER

Temperature Gain
Range Bandwidth
Slew Rate Product
. (V/us) at (kHz) at Output
-55°c| 0°C | -40°C |  Supply Supply Indicated Indicated Swing (V) Offset
Part n;:% ’7‘5‘:,0 *8‘5"% Current Range Supply Supply +15V Power | Voltage
Number (uA) V) Current Current Supplies (mV) Comments Page
w| HA-5141 X | X 50 +2/+40 1.0 400 0/+3(+5Vg) 0.7 2-142
w
6' HA-5141A 1 X | X 45 +2/+40 1.5 400 0/+4(+5Vg) 0.5 2-142
z
@ | HA-5151 X I X 200 +2/+40 4 1300 +10 2 Lower Noise 2-153
@ HA-5142 X | X 50 +2/+40 1.0 400 0/+3(+5Vg) 07 2-142
-
g HA-5142A | X | X 45 +2/+40 1.5 400 0/+4(+5Vg) 05 2-142
o -
HA-5152 X | X 200 +2/+40 4 1300 +10 2 Lower Noise 2-153
» HA-5144 X | X 50 +2/+40 1.0 400 0/+3(+5Vg) 07 2-142
Q
=<, HA-5144A | X | X 45 +2/+40 1.0 400 0/+3(+5Vg) 0.7 2-142
° HA-5154 X | X 200 +2/+40 4 1300 +10 2 Lower Noise 2-153




Selection Guide (Continued)

OPERATIONAL AMPLIFIERS: GENERAL PURPOSE

Temp. Range
ssoc| ooc | -a00¢ Gain Open | Common Mode
o to 1o | Bandwidth | Slew Offset Bias Noise Loop Range (V) Supply
Part +1250¢] +75°C| +85°C|  Product Rate Voltage | Current Voltage Gain +15V Power Current
Number (MHz) (V/us) (mV) (nA) (nV/VHz) | (V/mV) Supplies (mA) Comments | Page
@ HA-2600 | X 12 7 0.5 1 16 150 +11 3 2-72
W1 HA-2602 | X 12 7 15 16 150 +11 3 2-72
‘_z"f HA-2605 X 12 7 3 5 16 150 11 3 2-72
?[Thas101 [ x X 8 3’ 0.5 130 4.3 250 +12 5 Low Noise | 2-128
g HA-5102 | X X 8 3 0.5 130 43 250 +12 5 Low Noise | 2-129
B HA-5112 | X X 60 20 0.5 130 4.3 250 +12 5 Low Noise [ 2-129
HA-2400 | X 40 30 4 50 20 150 +9 4.8 Addressable | 2-30
HA-2404 X 40 30 4 50 20 150 +9 4.8 Addressable | 2-30
§ HA-2405 X 40 30 4 50 20 150 +9 48 Addressable | 2-30
g HA-2406 X 40 30 4 50 20 150 +9 4.8 Addressable | 2-34
HA-5104 | X X 8 3 05 130 4.3 250 +12 Low Noise |2-129
HA-5114 | X X 60 20 0.5 130 4.3 250 +12 5 Low Noise | 2-129
OPERATIONAL AMPLIFIERS: HIGH VOLTAGE

Part Number Features Applications Page

HA-2640 ® Slew Rate: 1V/us ® Industrial Control Systems 2-84

HA-2645 * Bandwidth: 4MHz ® Power Supplies 2-84

e Input Offset Voltage: 4mV * High Voltage Regulators
e Offset Current: 5nA * Resolver Excitation

® Output Voltage Swing: £35V
* Input Voltage Range: +35V
® Supply Range:

* Output Overload Protection

+10V to +40V

® Signal Conditioning
¢ Signal Conditioning

2-8




Selection Guide (Continued)

OPERATIONAL AMPLIFIERS: ADDRESSABLE
Part Number Features Applications Page
HA-2400 ® Four Channels Addressable e Signal Selection/Multiplexing 2-30
HA-2404 e High Slew Rate 30V/us ® Variable gain stages
HA-2405 e Wide Gain Bandwidth ® Oscillators
HA-2406 ® Products: 40MHz e Filters 2-34
e High Gain: 150K e Comparators
e TTL Compatible ® |ntegrators
OPERATIONAL AMPLIFIERS: CURRENT BUFFERS
Part Number Features Applications Page
HA-5033 ¢ Differential Phase Error: 0.10 ® Video Buffers 2-120
e Differential Gain Error: 0.1% e HF Buffers
® High Slew Rate: 1300V/us ® Op Amp Isolation Buffers
® Wide Power Bandwidth: 80MHz e High Speed Line Drivers
® Fast Rise Time: 3ns ® Impedance matching
® Wide Power Supply Range: +5/+16V
HA-5002 e High Slew Rate 1300V/us 2-116
e High Output Current 200mA
e Low Quiescent Current 9mA
HA-2630 Also see HA-2542
COMPARATORS
Part Number Features Applications Page
HA-4900 ® Fast Response Time: 130ns e Threshold Detectors 2-109
HA-4902 ® Low Offset Voltage: 2mVv e Zero Crossing Detectors
HA-4905 ® Low Offset Current: 10nA ® Window Detectors

¢ Single or Dual Supply

® Analog and logic supplies
separated for easier interface
and noise immunity

e Interface
® Oscillators

2-9
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Selection Guide (Continued)

CONTROL FUNCTIONS

INDUCTION MOTOR ENERGY SAVER

Part Number

Features

Applications

Page

HV-1000

® HV-1000: Operates directly off 110 VAC line
* No Power Supply Required

e Provides Power Savings from 10% to 50%
for motors with light or variable loads

® SCR output triggers Triac directly

e Load Anticipator senses shock loads and
responds instantly with full power

e Withstands line surges up to 3500V
® Allows motor to run cooler and quieter
e Can be mounted inside motor

® Requires only 3 resistors, 3 capacitors and
one Triac to assemble complete controller

e Power Tools
® Disk Drives

® Heat Pumps
® Presses

e Conveyors

© Any application where a single phase motor
will occasionally drive at less than its
rated load

2-183




Operational Amplifiers Glossary

AVERAGE INPUT OFFSET CURRENT DRIFT (Al0S/AT)
- The ratio of the change in the offset current to the change
in temperature producing it.

AVERAGE OFFSET VOLTAGE DRIFT ( AVps/ AT)
- The ratio of the change in the offset voltage to the
change in temperature producing it.

BANDWIDTH (BW) - That frequency at which the gain
of the amplifier is 3dB below its low frequency value.

CHANNEL SEPARATION - The ratio of the input of a
driven amplifier to the output of an adjacent undriven
amplifier.

COMMON MODE INPUT VOLTAGE (V|C) - The average
of the two input voltages.

COMMON MODE INPUT VOLTAGE RANGE (V|CR)
- The range of voltage that if exceeded at either input
terminal will cause the amplifer to cease operating
properly.

COMMON MODE REJECTION RATIO (CMRR) - The

ratio of the differential voltage gain to the common mode
voltage gain.

Note:  This is measured by determining the ratio of the
change in input common-mode voltage to the resulting
change in offset voltage.

COMMON MODE RESISTANCE (ric) - The value of
resistance looking into both inputs tied together.

DIFFERENTIAL INPUT RESISTANCE (rid) - The value
of resistance between two ungrounded inputs.

FULL POWER BANDWIDTH (FPBW) - The maximum
frequency at which a full size undistorted sine wave can
be obtained at the output of the amplifier.

GAIN BANDWIDTH PRODUCT - The product of the
gain and bandwidth at some specified frequency.

INPUT BIAS CURRENT (IBIAS) - The average of the
currents flowing into the input terminals when the out-
put is at zero voltage.

INPUT CAPACITANCE (CiN) - The capacitance of either
input with the other grounded.

INPUT NOISE CURRENT (in) - The input noise current
that would reproduce the noise seen at the output if all
amplifier noise sources were set to zero and the source
impedances were large compared to the optimum source
impedance.

INPUT OFFSET CURRENT (ips) - The difference in the
currents flowing into the two input terminals when the
output is at zero voltage.

INPUT OFFSET VOLTAGE (Vos) - The differential
D.C. voltage required to zero the output voltage with no

input signal or load. Input offset voltage may also be
defined for the case where two equal resistances are in-
serted in series with the input leads.

INPUT NOISE VOLTAGE (epn) - The input noise voltage
that would reproduce the noise seen at the output if all
the amplifier noise sources and source resistances were
set to zero.

INPUT RESISTANCE (RN} - The ratio of the change
in input voltage to the change in input current at either
terminal with the other grounded.

LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of
the peak to peak output voltage swing (over a specified
range) to the change in input voltage required to drive the
output.

OUTPUT CURRENT (IQUT) - The output current avail-
able from the amplifier at some specified output voltage.

OUTPUT RESISTANCE (RO) - The ratio of the change in
output voltage to the change in output current.

OUTPUT SHORT CIRCUIT CURRENT (lgc) - The
maximum output current available from the amplifier
with the output shorted to ground (or other specified
potential)

OUTPUT VOLTAGE SWING (VOUT) - The peak to peak
output voltage swing, referred to ground, that can be ob-
tained without clipping under specified loading conditions.

OVERSHOOT - Peak excursion above final value of an
output step response.

POWER SUPPLY REJECTION RATIO (PSRR) - The ratio
of the change in input offset voltage to the change in power
supply voltage producing it.

RISE TIME (ty) - The time required for an output

voltage step to change from 10% to 90% of its final value,
when the input is subjected to a small voltage pulse.

SETTLING TIME - The time required, after application
of a step input signal, for the output voltage to settle and
remain within a specified error band around the final
value.

SLEW RATE (SR) - The rate of change of the output
under large signal conditions. Slew rate may be specified
separately for both positive and negative going changes.
SUPPLY CURRENT (lg) - The current required from the
power supply to operate the amplifier with no load and the
output at zero volts.

SUPPLY VOLTAGE RANGE - The range of power supply
voltage over which the amplifier may be safely operated.

UNITY GAIN BANDWIDTH - The frequency range from
D.C. to that frequency where the amplifiers open loop
gain is unity.
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& HARRIS

HA-OPO7

Precision
Operational Amplifier

FEATURES

® LOW OFFSET VOLTAGE Y
® LOW OFFSET VOLTAGE DRIFT 0.4uv/oC
® LOW NOISE 9nv// Hz
® OPEN LOOPGAIN 107
® BANDWIDTH (UNITY GAIN) 2.5MHz
® ALLBIPOLAR CONSTRUCTION

® PIN CONFIGURATION SAME AS OP-07

APPLICATIONS

HIGH GAIN INSTRUMENTATION
PRECISION DATA ACQUISITION
PRECISION INTEGRATORS
BIOMEDICAL AMPLIFIERS
PRECISION THRESHOLD DETECTORS

8 pin epoxy DIP and is compatible with OP-07 configuration.

DESCRIPTION

The HA-OPO7 is a precision operational amplifier manufactured using a
combination of key technological advancements to provide outstanding
input characteristics.

A Super Beta input stage is combined with laser trimming, dielectric isola-
tion, and matching techniques to produce 101V (Max.) input offset volt-
age and 0.4 uV/OC input offset voltage average drift. Other features en-
hanced by this process include 9nV (Typ.) Input Noise Voltage, 1nA
Input Bias Current, and 140dB Open Loop Gain.

These features coupled with 120dB CMRR and PSRR make the HA-OPQ7
an ideal device for precision DC instrumentation amplifiers. Excellent
input characteristics in conjunction with 2.5MHz bandwidth and 0.8V/ u s
slew rate, makes this amplifier extremely useful for precision integrator
and biomedical amplifier designs. These amplifiers are also well suited for
precision data acquisition and for accurate threshold detector applications.

The HA-OPOQ7 is packaged in an 8 pin (T0-99) can, an 8 lead Cerdip, an

HA-OP07/HA-OPOQ7A are specified for -550C to +1250C operation while
the HA-OP0O7C/HA-QPO7E operate from 00C to +750C.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1) §
Supply Voltage *2v Storage Temperature Range (@]
Internal Power Dissipation (Note 2) 500mwW Jand Z Packages -650C to +1500C <'
Differential Input Voltage 15V T
Input Voltage 1V Supplies Operating Temperature Range
Output Short Circuit Duration Indefinite 0P-07A, OP-07 -550C to +1250C

0P-07E, OP-07C 00C to +750C

ELECTRICAL CHARACTERISTICS at Vg =% 15V, Tp =+250C, unless otherwise stated.

HA-OPO7A HA-0PO7
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX MIN TYP MAX UNITS
Vos Input Offset Voltage - 10 25 - 10 75 uv y
-
los Input Offset Current 2.0 2.8 nA % CZJ
i N + _ + +
ig Input Bias Current 10 | 20 +1.0 | £30 nA 8 E
enp-p Input Noise Voltage 0.1Hz to 10Hz - - 0.6 - - 0.6 uVp-p %‘ 5'
fo = 10Hz - | 130 ] 180 - 130 | 180 _ <E
en Input Noise Voltage Density fo = 100Hz - 10.0 | 13.0 - 10.0 13.0 nv/ \/—Hz g g
fo = 1000Hz - 96 1.0 - 9.6 11.0 [=]
Inp_p Input Noise Current 0.1Hz to 10Hz - 15.0 30 - 15.0 30 pAp_p
To = 10Hz -~ |04 [ 080 | - | 04 | 080 _
In Input Noise Current Density fo = 100Hz - 0.17 0.23 - 0.17 0.23 pA/\/—Hz
fo = 1000Hz - 0.14 0.17 - 0.14 0.17
RInN Input Resistance -
Differential Mode 20 30 - 20 30 - mMQ
IVR Input Voltage Range 12 - - 12 - - v
CMRR | Common Mode Rejection Ratio vem =110V 110 120 - 110 120 - dB
PSRR Power Supply Rejection Ratio | Vg3V to:18V | 100 130 - 100 130 - dB
Avo Large Signal Voltage Gain (Note 3) 120 140 - 120 140 - dB
RL=2KQ | £12 12
Vo Output Voltage Swing RL = 6000 +10| 12 _ +10 | £12 _ v
SR Slewing Rate RL >22kQ2 0.5 0.8 - 0.5 0.8 - Vius
BW Closed Loop Bandwidth AycL=+1.0 0.8 25 - 0.6 2.5 - MHz
Ro Open Loop Output Resistance f=100Hz - 45 - - 45 - Q
Icc Supply Current No Load - 1.0 13 - 1.0 13 mA
) Vep =115V 30 39 30 39
W
Pp Power Consumption Vge=£3V 6.0 78 6.0 78 m|

ELECTRICAL CHARACTERISTICS at Vg =+ 15V, -550C < T < +1250C, unless otherwise stated.

HA-OPO7E HA-0PO7C
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX MIN TYP MAX UNITS
Vos Input Offset Voltage - 50 130 - 50 250 uv
TCVQs | Avg. Input Offset Voltage
Drift Without External Trim - 04 0.6 - 0.4 1.3 uv/ec
lgs Input Offset Current - - 53 - - 80 nA
TClgs | Ava. Input Offset Current Drift - 20 40 - 20 50 pA/oC
g Input Bias Current - - 55 - - 9.0 nA
TClg Avg. Input Bias Current Drift - 20 40 - 20 50 pA/oC
IVR Input Voltage Range 12 - - 12 - - "
CMRR | Common Mode Rejection Ratio Vem =110V 110 | 120 - 106 120 - dB
PSRR Power Supply Rejection Ratio | Vg=%3Vto£18V] 100 | 130 - 94 130 - dB
Ay Large Signal Voltage Gain (Note 3) 120 - - 100 - - dB
Vo Output Voltage Swing RL = 60092 10 - - *10 - - v
RL=2k2 12 t115

NOTES: 1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability

of the circuit may be impaired. Functional operability under any of these conditions is not necessar—
ily implied.
2. Derate at 6.8mW/OC for operation at ambient temperatures above +75°C.
3. VoyTt=210V; R_=2k{2. Gain dB = 20 logqq Average
" 120dB = 1000V/mV
140dB = 10,000V/mV
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SPECIFICATIONS (Continued)

ELECTRICAL CHARACTERISTICS at Vg =* 15V, Tp = 250C, unless otherwise stated.

HA-OPO7E HA-0PO7C
SYMBOL PARAMETER CONDITIONS | MIN | TYP | mAX | MIN | TYP | MAX UNITS
Vos Input Offset Voltage - 10 75 - 60 150 uv
los Input Offset Current - - 38 - - 6.0 nA
I8 Input Bias Current - | 10| x40 - 1.0 | 270 nA
enp-p Input Noise Voltage 0.1Hz to 10Hz - - 0.6 - - 0.65 MVp-p
fo = 10Hz - 13.0 18.0 - 13.0 20.0
en Input Noise Voltage Density fo = 100Hz - | 10| 130 - 102 | 135 N
fo = 1000Hz - 9.6 1.0 - 9.8 1.5
Inp-p Input Noise Current 0.1Hz to 10Hz - 15.0 30 - 15.0 35 PApp
fo = 10Hz - 04 0.80 - 04 0.90
In Input Noise Current Density fo = 100Hz - 0.17 0.23 - 0.17 0.27 pA/\/_H‘z‘
fo = 1000Hz - 0.14 0.17 - 0.14 0.8
RIN Input Resistance -
Differential Mode 20 30 - 20 30 - 193
IVR Input Voltage Range 112 - - 12 - - \
CMRR | Common Mode Rejection Ratio |  Vgm =X 10V 10 | 120 - 106 120 - dB
PSRR Power Supply Rejection Ratio | Vg3V to£18v| 100 130 - 94 130 - dB
Avo Large Signal Voltage Gain (Note 3) 120 | 140 - 100 140 - dB
RL = 2KS2 12 ins
Vo Output Voltage Swing RL = 60082 10| £12 - 210 | £12 - v
SR Slewing Rate RL 22kQ 0.5 0.8 - 0.5 0.8 - Vius
BW Closed Loop Bandwidth AycL=+1.0 0.6 25 - 0.6 25 - MHz
Ro Open Loop Output Resistance f=100Hz - 45 - - 45 - 0
Ice Supply Current No Load - 1.0 1.3 - 1.0 1.7 mA
Pp Power Consumption ‘(&%1‘1135: 350 530 W
ELECTRICAL CHARACTERISTICS at Vg=%15V,00C<TA<+700C, unless otherwise stated.
HA-OPOTE HA-OPOTC
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX MIN TYP MAX UNITS
Vs Input Offset Voltage - 50 130 - 50 250 uv
TCVQs | Avg. Input Offset Voltage
Drift Without External Trim - 04 06 - 0.4 1.3 uv/oc
igs Input Offset Current - - 53 - - 8.0 nA
TClgs | Avg. Input Offset Current Drift - 20 40 - 20 50 pA/oC
Ig Input Bias Current - - 55 - - 9.0 nA
TClg Avg. Input Bias Current Drift - 20 40 - 20 50 pA/oC
IVR Input Voltage Range 12 - - 12 - - v
CMRR | Common Mode Rejection Ratio | Vgm =10V 110 | 120 - 106 120 - dB
PSRR | Power Supply Rejection Ratio | Vg=%3Vtot18V [ 100 | 130 - 94 130 - dB
Avo Large Signal Voltage Gain (Note 3) 120 - - 100 - - dB
Vo Output Voltage Swing R = 60082 10 - - +10 - - \
RL=2kQ | 12 tus

NOTES: 1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability
of the circuit may be impaired. Functional operability under any of these conditions is not necessar-

ily implied.

w N

«°+120dB = 1000V/mV

140dB = 10,000V/mV

Derate at 6.8mW/OC for operation at ambient temperatures above +75°C.
VouT =£10V; R|_=2k§). GaindB = 20logig Average




TEST CIRCUITS

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT

SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: 50mV/Div. Output)
(Volts: 100mV/Div. Input)
Horizontal Scale: (Time: 1us/Div.)

T

FOY FEUTIINSTINuTY

_L —@ out
100pF
2% I P

LARGE SIGNAL RESPONSE
Vertical Scale: (Volts: 5V/Div.)
Horizontal Scale: (Time: 5us/Div.)

b
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INPUT .
a 3
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OUTPUT * P OUTPUT ¥
v
SETTLING TIME CIRCUIT

+15V

TO
OSCILLOSCOPE

® Feedback and summing
resistors should be 0.1%.

® Clipping diodes are optional.
HP5082-2810 recommended.
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PERFORMANCE CURVES

INPUT OFFSET VOLTAGE, INPUT BIAS INPUT BIAS CURRENT VS.
AND OFFSET CURRENT VS. TEMPERATURE DIFFERENTIAL INPUT VOLTAGE
4
2 \‘\ : gé 6
§ INPUT BIAS CURRENT z §§ < ¢
3 ® 170 E ) 4+
i -~ , . g L
S :: \\ INPUT OFFSET CURRENT R E‘; g-z //
£ e -4
TIONCTSCEe
10 ~{L Z0
% 40 ] +40 +80 +120 +1sf>4 0 -8 6 4 -2 4 6 0

DIFFERENTIAL INPUT VOLTAGE-VOLTS
TEMPERATURE oC

OFFSET VOLTAGE
STABILITY VS. TIME INPUT - NOISE VS. FREQUENCY

[TTT1TT 14
CONDITIONS:
VSUPPLY = 16V
Tc =+1oC

AV = 1000
T
NOTE: MEASUREMENT AND

T
ENVIRONMENTAL SYSTEMS
5 ALLOWED 12 HOUR STABILI-
ZATION PERIOD.

10 \ NOISE VOLTAGE

4 NOISE CURRENT /

TOTAL DRIFT WITH TIME (#V)
)
INPUT NOISE VOLTAGE nV//Hz
@

INPUT CURRENT NOISE pA /VHz

10 20 30 40 10 100 LS 10K 100K
TIME-DAYS FREQUENCY - HZ
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@ 160 0
T 140
< \\\
& 120 ~_ 450 -
w
g 100 X 2
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[
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PERFORMANCE CURVES (Continued)

N~
o
) o
CLOSED LOOP FREQUENCY RESPONSE SMALL SIGNAL BANDWIDTH AND 2
FOR VARIOUS CLOSED LOOP GAINS PHASE MARGIN VS. LOAD CAPACITANCE T
i ~ -
: " N\ 500 26 g
& s0 \\ E T\ PHASE MARGIN é
g w g g
S 2 \ 3 \ g
% 2 AN 3 x° ‘7\ BANDWIDTH s e
310 & 200 \ 5
0 =]
-10 10 100 1K 10K 100K m\ 1M 100 \\; 24 % '5
FREQUENCY Hz Y s
oW
e 100 1000 10,000 235 %:5‘
LOAD CAPACITANCE pF <E
P =
oo
o
OUTPUT VOLTAGE SWING VS. MAXIMUM OUTPUT VOLTAGE SWING VS.

FREQUENCY AND SUPPLY VOLTAGE LOAD RESISTANCE AND SUPPLY VOLTAGE

35

I
VsuppLY = I?W

30 j —
VSUPPLY 7 :15\/\ RL = 2K
% ﬂ\

25 7

VsuppLY = *15V
20 f

20 - vsyppLy = ¥10V

A
\ /, VSuppLY = Y10V
10 |- VsyppLY = 5V \ 10 i/ :
T s 7
S~— VSUTLV =15V

100 1K 10K 100K ™ 1 . 10 100 1K 10K
FREQUENCY, Hz LOAD RESISTANCE-OHMS

7

OUTPUT VOLTAGE SWING VOLTS P-P
OUTPUT VOLTAGE SWING-VOLTS P-P
&

NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE
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o

4
©

4
)

1

e
N
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NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT *15V

0 *2 #4 16 18 *10 12 +14 116 18 +20
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PERFORMANCE CURVES (Continued)

CMRR VS. FREQUENCY

N

AN

CMRR, dB

o AN
~

20

1 10 : 100 1K
FREQUENCY-Hz

10K 100K

SETTLINGTIME FOR VARIOUS
OUTPUT STEP VOLTAGES

=)

'
mV Q

0 2 4 6 8 10
SETTLING TIME- us

OUTPUT VOLTAGE STEP-
VOLTS FROM 0 VOLTS
o

122 14 16

PSRR VS. FREQUENCY

140

120

\\

100
2
3 80
-4
[
€ 60 \

40 S
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[
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FREQUENCY Hz

POWER SUPPLY CURRENT VS.

TEMPERATURE AND SUPPLY VOLTAGE

SUPPLY CURRENT ,mA

4

T
Vs = 20V ‘ l
12 —+
Vs = +15V
o
Vs = +10v
t8—
Vs = t5V
t6
ta
+2
o
-80 -40 [ +40 +80 +120 +160
TEMPERATURE oC

POWER SUPPLY DECOUPLING: Aithough not absolutely
necessary, it is recommended that all power supply lines
be decoupled with .01u F ceramic capacitors to ground.
Decoupling capacitors should be located as near to the
amplifier terminals as possible.

CONSIDERATIONS FOR PROTOTYPING: The following

list of recommendations are suggested for prototyping.

® Resolving low level signals requires minimizing leakage
currents caused by external circuitry. Use of quality
insulating materials, thorough cleaning of insulating
surfaces, and implementation of moisture barriers
when required is suggested.

® Error voltages generated by theromocouples formed
between dissimilar metals in the presence of temp-
erature gradients should be minimized. Isolation of
low level circuitry from heat generating components
is recommended.

® Shielded cable input leads, guard rings, and shield
drivers are recommended for the most critical ap-
plications.

APPLYING THE HA-OPO7 OPERATIONAL AMPLIFIERS

When driving large capacitive loads (> 500pF), as small
value resistor (R25052) should be connected in series with
the output and inside the feedback loop.

OFFSET VOLTAGE ADJUSTMENT: A 20 K2 balance
potentiometer is recommended if offset nulling is required.
However, other potentiometer values such as 10K$2, 50K<2,
and 100K may be used. The minimum adjustment
range for given values is2mV.

SATURATION RECOVERY: Input and output satura-
tion recovery time is negligible in most applications. How-"
ever, care should be exercised to avoid exceeding the
absolute maximum ratings of the device.

DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted
with back-to-back diodes for overveltage protection.
In applications where differential input voltages in excess
of IV are applied between the inputs, the use of limiting
resistors at the inputs is recommended.




APPLICATIONS

OFFSET NULLING CONNECTIONS

*Although Rp is shown equal to 20k, other values such
as 50k, 100k, and 1M may be used. Range of adjust-
ment is approximately ¥25mV. Vg TC of the
amplifier is optimized at minimal VQg.

PRECISION INTEGRATOR

The excellent input and gain characteristics of HA-
OPO07 are well suited for precision integrator applica-
tions. Accurate integration over seven decades of
frequency using HA-OP07, virtually nullifies the need
for more expensive chopper-type amplifiers.

ZERO CROSSING DETECTOR

OUTPUT
*3v
200 us/DIV. \

INPUT
*5mv
200us/DIV. \

E

YT TUTT- 7Y TUTTIITITIouuT
HHHH R HH

IEETI TN
Hrt

Low VQg coupled with high open loop Gain, high
CMRR, and high PSRR make HA-OPO7 ideally
suited for precision d pplicati

* OPTIONAL FOR
OUTPUT SWING
LIMITING

PRECISION INSTRUMENTATION AMPLIFIER (Av = 100)

2K

—=—— 3x HA-OPO7

~
(=]
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o HARRIS

PRELIMINARY

- HA-OP27

Ultra-Low Noise, Precision
Operational Amplifier

Features Applications

® High Slew Rate ......ccccmveivnciireren s 10 V/us o Low Level Transducer Amplifiers
® LOW NOISE ...oovericirreniiiesininnnesecssesessnsanneens 3nV/\/m e Precision Summing Amplifiers

e Low Drift 0.2 uV/O0C e Audio Preamplifiers

* Low Vpos 10 uV e Integrators

® High Gain .....ccccvviemniniininciniessssenssssesins 1800 V/mV e Precision Threshold Detectors

e High CMRR 126 dB

® Wideband ....... 8.5 MHz

Description

The HA-OP27 is a low noise operational amplifier offering
a remarkable blend of AC and DC parameters. Through
advanced processing techniques, this design offers
3nV/VHz of noise at 1kHz while combining the
characteristics of precision and wideband amplifiers.

Laser trimming results in a typical input offset voltage of
10uV while stabilizing TCVQs to 0.2uV/9C without
affecting the 8.5 MHz bandwidth or the 10V/us slew rate.
Precision performance is further enhanced by AyQp of
1800V/mV, PSRR of 1 uV/V, and CMRR exceeding 120 dB.
A modest power consumption of 90 mW and on-chip

compensation for unity gain stability increase the
potential uses of this device.

These features make the HA-OP27 an excellent choice for
low level signal transducer applications. Additionally, the
HA-OP27 is ideally suited for precision summers, audio
preamplifiers, stable integrators, and precision threshold
detectors.

The HA-OP27 can also be used as a design enhancement
by directly replacing the 725, OP05, OP06 and OP07. The
HA-OP27 is available in TO-99 Metal Can, both Epoxy and
Ceramic 8 pin Mini-DIPs, as well as 20 pin LCC packages.

Pinouts Schematic
TOP VIEWS )
BALANCE B El § j; .%_?— ?
BALANCE [T by sncance . ol gl .
o ul v L. J
N3] {5] our g '_/:‘ :
- n n ne " £
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Specifications

Absolute Maximum Ratings

Supply Voltage .

Internal Power Dissipation (Note 1) ... .

Input Voltage (Note 3) ......cccevviveriiiniiiiiiiniciiicnee +22V
Output Short Circuit Duration Indefinite
Differential Input Voltage (Note 2) .. e 207V
Differential Input Current (Note 2) ........ccccceeenee +25mA
Storage Temperature Range ............... -650C to +1500C
Operating Temperature Range

HA-OP27A, OP27B, OP27C (J,Z) ....... -550C to +1250C

HA-OP27E, OP27F, OP27G (J,Z) ..
HA-OP27E, OP27F, OP27G (P) ...

-250C to +850C
.... 00C to +700C

NOTES:

1. Maximum Package Power Dissipation vs. ambient temperature.

Package Type

Maximum Ambient
Temperature for Rating

Derate Above Maximum
Ambient Temperature

TO-99 (J)

8-Pin Plastic DIP (P)

8-Pin Hermetic DIP (Z)

80°C
750C

620C

7.1mW/0C
6.7mwW/0C

5.6mW/°C

2. The OP 27’s inputs are protected by back-to-back diodes. Current
limiting resistors are not used in order to achieve low noise. If
differential input voltage exceeds +0.7V, the input current should be
limited to 25mA.

3. For supply voltages less than +22V, the absolute maximum input
voltage is equal to the supply voltage.

Electrical Characteristics at Vg = £15 V, Ta = 250C, unless otherwise noted.

HA-OP27A/E [ HA-OP27B/F l HA-OP27C/G

PARAMETER SYMBOL CONDITIONS MIN [ TYP TMax | mMIN T TYP [MAX_ | MIN [TYP [ MaAX UNITS
Input Offset Voltage Vos (Note 1) - 10 25 - 20 60 - 30 100 uv
Long-Term Vgg

Stability Vog/Time (Note 2) - 02 10 - 03 15 - 04 20 uV/Mo
Input offset Current los - - 7 35 - 9 50 - 12 75 nA
Input Bias Current g - - 10 +40 - x12 155 - +15 +80 nA
Input Noise Voltage enp-p 0.1 Hz to 10 Hz - 0.08 0.18 - 0.08 0.18 - 0.09 0.25 uVp-p

(Note 3, 5)
Input Noise en fo = 10 Hz (Note 3) - 35 55 - 35 55 - 3.8 8.0
Voltage Density fo =30 Hz (Note 3) - 3.1 45 - 3.1 45 - 33 56 nV/A/Hz
fo = 1000 Hz (Note 3) - 3.0 38 - 3.0 3.8 - 3.2 45
Input Noise In fo = 10 Hz (Note 3) - 1.7 4.0 - 17 4.0 - 1.7 -
Current Density fo =30 Hz (Note 3) - 1.0 23 - 10 23 - 1.0 - pANSHZ
fo = 1000 Hz (Note 3) - 04 06 - 04 0.6 - 04 0.6
Input Resistance— RiN (Note 4) 1.5 6 - 1.2 5 - 0.8 4 - MQ

Differential-Mode
Input Resistance— RiNCM {Note 4) - 3 - - 25 - - 2 - GQ

Common-Mode
Input Voltage Range IVR +11.0 | £12.3 - +11.0 | £123 - +11.0 | £123 - v
Common-Mode CMRR Vem =11V 114 126 - 106 123 - 100 120 - dB

Rejection Ratio
Power Supply PSSR Vg=14Vto+18V - 1 10 - 1 10 - 2 20 VIV

Rejection Ratio
Large-Signal Avo RL=2kQ,Vo=£10V 1000 | 1800 - 1000 | 1800 - 700 1500 -

Voltage Gain RL = 1kQ, Vg = 10V 800 | 1500 - 800 | 1500 - 600 | 1500 - V/mv

RL =600Q, V0 =x1V, 250 700 - 250 700 - 200 500 -
Vg = £4V, (Note 4)
Output Voltage Vo ‘RL =2kQ +12.0 | £13.8 - +120 | +13.8 - +11.5 | £13.5 -

Swing R =600Q £10.0 | £11.5 - +100 | £11.5 - +10.0 | £11.5 - A
Slew Rate SR R = 2kQ (Note 4) 7.0 10 - 7.0 10 - 7.0 10 - V/us
Gain Bandwidth Prod. GBW (Note 4) 5.0 85 - 5.0 85 - 5.0 8.5 - MHz
Open Loop Output Ro Vo=0,lp=0 - 70 - - 70 - - 70 - Q

Resistance (Note 4)

Power Consumption P4 Vo =0 - 90 140 - 90 140 - 100 170 mw
Offset Adjustment
Range Rp =10 kQ - +4.0 - - +4.0 - - +4.0 - mV
NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power. A/E
Grades Guaranteed Fully Warmed up.

2. Long Term Input Offset Voltage Stability refers to the average trend
line of Vog vs. Time over extended periods after the first 30 days of

operation. Excluding the initial hour of operation, changes in Vog
during the first 30 days are typically 2.5 uV.

3. Sample tested.

. Guaranteed by design.

. See test circuit and typical 0.1 Hz to 10 Hz noise photograph.
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HA-OP27

Electrical Characteristics for Vg = +15 v, -550C < Tp < + 1250C, unless otherwise noted.

NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.

2. The TCVQg performance is within the specifications unnulled or when

nuiled with Ry, = 8kQ to 20kQ.

| HA-OP27A HA-OP27B HA-OP27C

PARAMETER SYMBOL CONDITIONS | MIN | TYP | MAX | mIN TTYP TMax | MmN T TYP | max] units
Input Offset Voitage Vos (Note 1) - 30 60 - 50 200 - 70 300 uv
Average Input TCVos

Offset Drift TCVosN (Note 2) - 0.2 06 - 0.3 1.3 - 0.4 18 uv/°C
Input Offset Current los - 15 50 - 22 85 - 30 135 nA
Input Bias Current Is - +20 +60 - +28 195 - +35 | 150 nA
Input Voltage Range R +103 | =115 - [ x103 [+115]| - +102 | 115 - v
Common Mode CMRR Vom = £10V 108 | 122 - 100 | 119 - 94 116 - dB

Rejection Ratio
Power Supply PSRR Vg =145V to 18 V - 2 16 - 2 20 - 4 51 uWN

Rejection Ratio
Large Signal

Voltage Gain Avo RL = 2KQ, Vg = 10V 600 | 1200 | - 500 | 1000 | - 300 | 800 - V/mv
Output

Voltage Swing Vom R = 2kQ 15| 2185 - [x110 [+132 - +105 | 130 - v

Electrical Characteristics for Vg = :15 V, -250C < Tp < + 850C, O0C < Tp < + 700C,
- unless otherwise noted.

; DT : g c HA-OP27E A-OP27F HA-OP27G |
PARAMETER SYMBOL . CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Input Offset Voltage Vos - 20 50 - 40 140 - 55 220 uw
Average Input TCVos

Offset Drift TCVosN (Note 2) - 0.2 0.6 - 03 13 - 0.4 18 uV/oC
Input Offset Current los - - 10 50 - 14 85 - 20 135 nA
Input Bias Current Is - - *14 +60 - +18 +95 - +25 | +150 nA
Input Voltage Range VR +105 | £11.8] - +105 | +11.8 | - +105 | 118} - v
Common Mode CMRR VoM = £10V 110 | 124 - 102 | 121 - 96 118 - dB

Rejection Ratio
Power Supply PSRR Vg =145V to £18V - 2 15 - 2 16 - 2 32 uwN

Rejection Ratio
Large Signal

Voltage Gain Avo R_=2kQ,Vg=£10V 750 | 1500 | - 700 | 1300 | - 450 | 1000 | - V/mv
Output

Voltage Swing Vom R =2kQ +11.7 | £136 | - +114 |£135 | - +110 [+133| - v

Test Circuits

LARGE SIGNAL RESPONSE

LARGE AND SMALL SIGNAL RESPONSE

TEST CIRCUIT

SMALL SIGNAL RESPONSE
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HA-OP27

Test Circuits (continued)

SUGGESTED OFFSET VOLTAGE ADJUSTMENT

V+

* Offset adjustment range is approximately +amv

SUGGESTED STABILITY CIRCUITS

— AW}
Ry
R3 vWA
4 R1 +
< 1 ]
I :
1
3

Low resistances are preferred for low noise applications as a 1KQ resistor
has 4nVV/Hz of thermal noise. Total resistances of greather than 10KQ on
either input can reduce stability. In most high resistance applications, a
few picofarads of capacitance across the feedback resistor will improve

stability.
GAIN, PHASE SHIFT FREQUENCY
4048 1000
i N
~~~.\ 1200
] |
‘;’ 2048 ]I [ 1400
) :_ \ \ 1600
7 b3 nnmNE. \
048 —— 3 1800
-+ -l_i ‘~~ 2000
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HA-0P27

Typical Performance
0.1Hz to 10Hz NOISE TEST CIRCUIT
0.1uF
1]
LU
100KS2
1092

_TI:‘/\/\'H

— VOLTAGE GAIN
=50,000

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

LOW FREQUENCY NOISE

VOLTAGE NOISE FREQUENCY

-

e N wo

T 1T
— Ta = 250C
— Vg = +15V

RN

»

™ 1/f CORNER = 2.7Hz

VOLTAGE NOISE (nV /VHz)
7

1 10 100 1000
FREQUENCY (Hz)
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PRELIMINARY

HA-OP37

Ultra-Low Noise, Precision,
High-Speed Operational Amplifier
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Features

e Low Noise 3nV/VHz at 1 kHz

Applications

® Low Level Transducer Amplifiers

e Low Drift 0.2 uV/9C o Instrumentation Amplifiers

* Low Vos 10 uVv  * Audio Preamplifiers

¢ High Gain 1800 V/mV  ® Precision Threshold Detectors
e High CMRR 126 dB  * Signal Conditioners

¢ High Slew Rate 20V/us

Description

The HA-OP37 operational amplifier is a connection
between precision and high speed performance. The low
device noise, 3 nV/VHz at 1 KHz, allows accurate high
speed amplification of extremely low level signals.
Precision is attained by a low VQog of typically 10 uV, a
high gain of 1800 V/mV, a differential input resistance of
6MQ and an average input offset drift of just 0.2 uV/0C.
High speed is guaranteed by a slew rate of 17V/us and a
gain bandwidth product of 63 MHz. Also the HA-OP37 has
a CMRR above 120 dB and a PSRR of typically 1 uV/V.

This combination of characteristics makes the HA-OP37
an outstanding choice for all low noise, precision and

high speed applications where gains are greater than five.
The HA-OP37 can be used for precision threshold
detectors, instrumentation amplifiers, many audio cir-
cuits such as RIAA phone preamplifiers, and in signal
conditioning circuits for data acquisition systems.

The HA-OP37 can also be used as an enhancement for
existing designs by directly replacing the 725, OPO5,
OP06, OP0O7 and OP27 where gains are greater than five.

The HA-OP37 is available in TO-99 metal can, both epoxy
and ceramic 8 pin mini-DIPs, as well as 20 pin LCC
packages.

Pinouts Schematic
TOP VIEWS
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Specifications

Absolute Maximum Ratings

Supply Voltage .........ccceucuiiieiiiiicciicceeie +22V
Internal Power Dissipation (Note 1) 500mwW

Input Voltage (Note 3) .. . 22V
Output Short Circuit Duration . . Indefinite
Differential Input Voltage (Note 2) .........cccoeveueee. +0.7V
Differential Input Current (Note 2) ........c............. +25mA

Storage Temperature Range -650C to +1500C
Operating Temperature Range

HA-OP37A, OP37B, OP37C (J,2)
HA-OP37E, OP37F, OP37G (J,2)

HA-OP37E, OP37F, OP37G (P)

-550C to +1250C
-250C to +850C
................. 00C to +700C

NOTES:
1. Maximum Package Power Dissipation vs. ambient temperature.

Derate Above Maximum
Ambient Temperature

Maximum Ambient

Package Type Temperature for Rating

TO-99 (J) 80°C 7.1mW/°C
8-Pin Hermetic DIP (Z) 750C 6.7mW/°C
8-Pin Plastic DIP (P) 620C 5.6mW/9C

2. The OP37’s inputs are protected by back-to-back diodes. Current
limiting resistors are not used in order to achieve low noise. If
differential input voltage exceeds 0.7V, the input current should be
limited to 25mA.

3. For supply voltages less than £22V, the absolute maximum input
voltage is equal to the supply voltage.

Electrical Characteristics at Vg = +15 V, Ta = 250C, unless otherwise noted.

|__naorszae | HA-OPSTBIF |  HA-OP37C/G |
PARAMETER SYMBOL CONDITIONS | MmN T7ve I max | min J1ve [ Max | miN | TYP | MAX | uNiTs
Input Offset Voltage Vos (Note 1) - 10 25 - 20 60 = 30 100 v
Long Term Vgg

Stability Vog/Time (Note 2) - 0.2 1.0 - 0.3 1.5 - 0.4 2.0 uV/Mo
Input Offset Current los - 7 35 - 9 50 - 12 75 nA
Input Bias Current g - +=10 =40 - 12 455 - =15 +80 nA
Input Noise Voltage enp-p 0.1 Hz to 10 Hz - 0.08 0.18 - 0.08 0.18 - 0.08 0.25 uVp-p

(Note 3, 5)

Input Noise en fo = 10 Hz (Note 3) - 35 55 - 35 55 - 3.8 8.0

Voltage Density fo = 30 Hz (Note 3) - 3.1 45 - 31 45 - 33 56 nV/\)Hz
fo = 1000 Hz (Note 3) - 3.0 3.8 - 3.0 3.8 - 3.2 45

Input Noise In fo = 10 Hz (Note 3) - 1.7 4.0 - 1.7 4.0 - 1.7 -

Current Density fo =30 Hz (Note 3) - 1.0 23 - 1.0 2.3 - 1.0 - pA/\/Hz
fo = 1000 Hz (Note 3) - 04 0.6 - 04 06 - 0.4 06

input Resistance— RiN (Note 4) 15 6 - 12 5 - 08 4 - MQ

Differential Mode
Input Resistance— Rincm (Note 4) - 3 - - 25 - - 2 - GQ

Common Mode
Input Voltage Range IVR +11.0 [+123 - +11.0 | £12.3 - =11.0 | =123 - ]
Common Mode CMRR Vem = =11V 114 126 - 106 123 - 100 120 - dB

Rejection Ratio
Power Supply PSSR Vg =14 Vto 18V - 1 10 - 1 10 - 2 20 UV

Rejection Ratio
Large Signal AVO RL =2KQ, Vg = =10V 1000 | 1800 - 1000 | 1800 - 700 1500 -

Voltage Gain R Z1KQ, Vg = £10V 800 | 1500 - 800 | 1500 - 400 | 1500 - V/mv

RL =600Q), VO =1V, 250 700 - 250 700 - 200 500 -
VS =+ 4V, (Note 4) g
Output Vo R = 2kQ +12.0 |£13.8 - +120 | £138 - +11.5 | £135 -

Voltage Swing R = 600Q +10.0 =115 - 100 | £115 - +10.0 | =115 - v
Slew Rate SR R = 2kQ (Note 4) 14 20 - 14 20 - 14 20 - V/uS
Gain Bandwidth Prod GBW o = 10 kHz (Note 4) 60 80 - 60 80 - 60 80 -

fo = 1 MHz (Note 4) - 63 - - 63 - - 63 - MHz
Open Loop Output Ro Vo=0,lp=0 - 70 - - 70 - - 70 - Q
Resistance (Note 4)
Power Consumption P4 Vo =0 - 90 140 - 90 140 - 100 170 mw
Offset Adjustment
Range Rp =10 kQ - +4.0 - - +4.0 - - +4.0 - mvV
NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power. A/E
Grades Guaranteed Fully Warmed up.

2. Long Term Input Offset Voltage Stability refers to the average trend
line of Vog vs. Time over extended periods after the first 30 days of

operation. Excluding the initial hour of operation, changes in Vog
during the first 30 days are typically 2.5 uV.

. Sample tested.

. Guaranteed by design.

5. See test circuit and typical 0.1 Hz to 10 Hz noise photograph.
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HA-OP37

Electrical Characteristics for Vg = £15 V, -550C < Tp < 1250C, unless otherwise noted.

HA-OP37A | HA-OP37B HA-OP37C

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX] MIN | TYP | MAX| MIN | TYP | MAX | UNITS
Input Offset Voitage Vos (Note 1) - 30 60 - 50 200 - 70 300 uv
Average Input TCVos

Offset Drift TCVosn (Note 2) - 02 | o6 - 03 13 - 04 | 18 | wvoc
Input Offset Current los - 15 50 - 22 85 - 30 135 nA
Input Bias Current I} - +20 +60 - +28 +95 - 435 | £150 nA
Input Voltage Range VR 103 | +115] - | 103 [+115] - |x102f 15| - v
Common Mode CMRR Vom =10V 108 122 - 100 119 - 94 116 - dB

Rejection Ratio
Power Supply PSSR Vg =145V to+18V - 2 16 - 2 20 - 4 51 MYV

Rejection Ratio
Large Signal

Voltage Gain Avo RL = 2kQ, Vg = 10V 600 | 1200 - 500 | 1000 - 300 | 800 - V.mv
Qutput

Voltage Swing Vom RL = 2kQ +11.5 | £13.5 - +11.0 | £13.2 - +10.5 | £13.0 - v

Electrical Characteristics for Vg = £15 V, -250C < Ta <.850C, 00C < Tp < + 700C,
unless otherwise noted.
R HA-OP37E | HA-OP37F | HA-OP37G

PARAMETER SYMBOL CONDITIONS | MINTTYP T MAXT MIN T TYP  MAX| MIN T TYP T MAX | UNITS
Input Offset Voitage Vos - 20 50 - 40 140 - 55 220 w
Average Input TCVos

Offset Drift TCVosN (Note 2) - 02 | os - 03 13 - 04 18 | wv/ocC
Input Offset Current los - 10 50 - 14 85 - 20 135 nA
Input Bias Current g - +14 +60 - 18 +95 - +25 +150 nA
Input Voltage Range IVR £105 | £11.8 - +105 | £11.8 - 105 | £11.8 - \
Common Mode CMRR Vem =10V 110 124 - 102 121 - 96 118 . dB

Rejection Ratio
Power Supply PSSR Vg =45V to +18V - 2 15 - 2 16 - 2 32 MWV

Rejection Ratio
Large Signal

Voltage Gain Avo R =2kQ, Vo = £10V 750 | 1500 - 700 | 1300 - 450 | 1000 - V/mv
OQutput

Voltage Swing Vom R/=2kQ 17 | £136) - 114 | 135 - | #110] x133) - v

NOTES:

1. Input Offset Voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.

2. The TCVQg performance is within the specifications unnulled or when
nulled Ry, = 8kQ to 20kQ.

Test Circuits

LARGE SIGNAL RESPONSE

LARGE AND SMALL SIGNAL RESPONSE

(IN=1V/DIV; OUT = 5V/DIV; TIME = 1ns/DIV)

TEST CIRCUIT

4000

——o OUT

w = st

SMALL SIGNAL RESPONSE
(IN = 20mV/DIV; OUT = 100mV/DIV;

TIME = 100ns/D1V)
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HA-OP37

Test Circuits (continued)

SUGGESTED OFFSET VOLTAGE ADJUSTMENT

V+

* Offset adjustment range is approximately +4mV

SUGGESTED STABILITY CIRCUITS

—P—JW—\ .
Rq /R: . A
~-4 - .

Low resistances are preferred for low noise applicationsas a 1KQ resistor
has 4nVy/Hz of thermal noise. Total resistances of greather than 10KQ on
either input can reduce stability. In most high resistance applications, a
few picofarads of capacitance across the feedback resistor will improve
stability.

GAIN, PHASE SHIFT VERSUS FREQUENCY

1000

PHASE

1200

1400

GAIN (dB)

1600

1800

2000

L LT

100
(MHz)

PHASE SHIFT (DEGREES)
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HA-OP37

Typical Performance

0.1Hz to 10Hz NOISE TEST CIRCUIT

100

— VOLTAGE GAIN
=50,000

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

VOLTAGE NOISE VERSUS FREQUENCY

o o N

T T 11
— Ta =250C
F— Vg =+15V

N N

™ 1/f CORNER = 2.7Hz

VOLTAGE NOISE (nV /VHz)
w
|7

1 10 100 1000
FREQUENCY (Hz)
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o HarRRIS HA-2400/04/05

PRAM Four Channel
Programmable Amplifier

FEATURES DESCRIPTION

¢ PROGRAMMABILITY HA-2400/2404/2405 comprise‘a series of four-channel

programmable amplifiers providing a level of versatility unsur-
® HIGH SLEW RATE 30V/us passed by any other monolithic operational amplifier. Versa-
e WIDE GAIN BANDWIDTH 40MHz tility is achieved by employing four input amplifier channels,

any one (or none) of which may be electronically selected and
® HIGH GAIN 150,000 connected to a single output stage through DTL/TTL compatible
e LOW OFFSET CURRENT 5nA address inputs. The device formed by the output and the

selected pair of inputs is an op amp which delivers excellent
e HIGH INPUT IMPEDANCE 30M Q2 slew rate, gain bandwidth and power bandwidth performance.

Other advantageous features for these dielectrically isolated
® SINGLE CAPACITOR COMPENSATION amplifiers include high voltage gain and input impedance cou-
e DTL/TTL COMPATIBLE INPUTS pled with low input offset voltage and offset current. External
compensation is not required on this device at closed loop

gains greater than 10.
APPLICATIONS Each channel of.the HA-2400/24U4/2405 can be con-
trolled and operated with suitable feedback networks in any of
the standard op amp configurations. This specialization makes

. these amplifiers excellent components for multiplexing, signal
* THOUSANDS OF NEW APPLICATIONS; PROGRAM selection, and mathematical function designs. With 20V/ us
— SIGNAL SELECTION/MULTIPLEXING slew rate, 40MHz gain bandwidth, and 30M ohms input imped-
ance these devices are ideal building blocks for signal generators,
— OPAMPGAIN active filters, and data acquisition designs. Programmability
— OSCILLATOR FREQUENCY coupled with 2mV typical, offset voltage and 5nA offset current
makes these amplifiers outstanding components for signal

— FILTER CHARACTERISTICS conditioning circuits.
— _ HA-2400/2404/2405 are available in a 16 pin dual-in-line
ADD-SUBTRACT FUNCTIONS package. HA-2400 is specified from -550C to +1250C. HA-
— INTEGRATOR CHARACTERISTICS 2404 is specified over the -250C to +859C range, while HA-

0 0
— COMPARATOR LEVELS 2405 operates from 00C to +750C.

PINOUT SCHEMATIC

Condensed circuit diagram for a programmable amplifier
(PRAM HA-2400)

TOP VIEWS

;
2 R18:
[: INa+ iaj
ING-
E ~% INT- o
E 0 INT+
o o L8
& Ry
TRUTH TABLE i Pt
3 Lrs fued San wed n Y ik
or | oo en | SEECTED S i S 4 D "
1
2 Diagram includes: ONE INPUT STAGE, DECODE CONTROL,

BIAS NETWORK AND OUTPUT STAGE

x|z|z|r|r

x|z|-|x|{r

Flz|z ||z
w
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+and V- Terminals 45,0V Internal Power Dissipation (Note 13) 300mwW
Differential Input Voltage £Vsupply Operating Temperature Range  -550C < Tp < +1250C (HA-2400)
Digital Input Voltage -0.76V to +10.0V -250C < Tp < +850C (HA-2404)
Output Current Short Circuit Protected 09C < Tp < +750C (HA-2405)

(Igc £ £33mA) Storage Temperature Range -650C < T < +1500C

ELECTRICAL CHARACTERISTICS - Test Conditions: Vsypply =% 15.0V Unless Otherwise Specified.
Digital Inputs: V|| =+0.5V, V|y = +2.4V. Limits apply to each of
the four channels, when addressed.

HA-2400/HA-2404 HA-2405
LIMITS LIMITS
PARAMETER TEMP. | MIN. | TYP. | MAX. ] MIN. TYP. | MAX. | UNITS
INPUT CHARACTERISTICS )
Offset Voltage +£i:c 4 191 4 ]91 zg
Bias Current (Note 12) +§3:C 50 igg 50 ggg ::
Offset Current (Note 12) +§i:c 5 15(;’0 5 15[:]0 :2
Input Resistance (Note 12) +250C 30 30 M
Common Mode Range Full | +9.0 +9.0 v
TRANSFER CHARACTERISTICS ’
Large Signal Voltage Gain (Note 1,5) +'2:?:|C gg:ﬁ 150K gg:ﬁ 150K w\\;
Common Mode Rejection Ratio (Note 2) Full 80 100 74 100 dB
Gain Bandwidth (Notes 3,14) +250C 20 40 20 40 MHz
(Notes 4,14) +250C 4 8 4 8 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0 | +12.0 +10.0 | 120 \"
Output Current +250C 10 20 10 20 mA
Full Power Bandwidth (Notes 3,5,15) +250C 200 500 200 500 kHz
(Notes 4,5,15) | +25°C | 100 200 100 200 kHz
TRANSIENT RESPONSE
Rise Time (Notes 4,6) +250C 20 45 . 20 50 ns
Overshoot (Notes 4,6) +250C 25 40 25 40 %
Slew Rate (Notes 3,7) +25°C | 20 30 20 30 Vius
(Notes 4,7,14) +260C 6 8 6 8 Vius
Settling Time (Notes 4,7,8,14) +250C 1.5 25 1.5 25 Us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (V| = 0V) Full 1 15 1 1.5 mA
_Digital Input Current (V) = +5.0V) Full 5 : 5 . nA
Output Delay (Notes 9,14) +250C 100 250 100 250 ns
Crosstalk (Note 10) +250C | -80 -110 -14 -110 d8
POWER SUPPLY CHARACTERISTICS :
Supply Current +250C 48 6.0 48 6.0 mA
Power Supply Rejection Ratio (Note 11) Full 74 90 14 90 dB
NOTES: R =2k§2 9. To 10% of final value; output then slews at normal

1.
2. Vcm=15VDC

3. Ay =+10,Ccomp =0, R = 2k{2 , C|_'=B0pF.
4. Ay =+1,CcoMp = 16pF, R = 2k§2 , C_ = 50pF.
5. VOUT = 20V peak to peak.

6. VoUT = 200mV peak to peak.

7. VouT = 10.0V peak to peak.

8. To 0.1% of final value.

rate to final value.

. Unselected input to output; V|y =% 10VDC’
. Vsypp = £10VDC to £20VDC
. Unselected channels have approximately the same

input parameters.

. Derate by 4.3mW/0C above 105°C.
. Guaranteed by design.

. FullPower Bandwidth based on slew rate

measurement using: S.R.
FPBN =
. 22MVpeak
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CHARACTERISTIC CURVES

V+=+15V D. C., V-=-15V D. C., TA = 250C unless otherwise stated.

INPUT BIAS CURRENT AND QFFSET ; NORMALIZED A.C. PARAMETERS
CURRENT AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE
140 . R 1 J ¥
(&)
120 S ;
T S
100 S 1 %
b ) N
—_ @ SLEW RATE
< w0 3
-~ I
T 60 e 0
g ) BIAS CURRENT 5
3 w0 )
3 3
10 N oog
©
£
5 OFFS‘ET CURRENT 20
5[50 ~25 0 425 +50 +75 +100 +125 o8 55[-50 —25 0 +25 +50 +75 +100 +125
Temperature (°C) B Temperature (°C)

OPEN LOOP FREQUENCY AND PHASE RESPONSE

@
Z N T T T T i 1T 0
: < e p 1Y ol ++p{Atbe | | GROSSTALK REJECTION, Ay = +1 §
POWER SUPPLY CURRENT DRAIN g " SR W =
AS A FUNCTION OF TEMPERATURE g U S| Cn o0 3
, £ R - PHASE |90 @
R Rl TR A 2
5 2 2 HA S 150 g
v = +200V =1 Ccomp = OpF ! 2 3
L PR I GO =
. Vi oy =1 —]
E | BUPPLY & NN | s ‘ § - 100 1K 10K 100K ™ 10M 100M
g — Frequency (Hz)
£ :
3 - FREQUENCY RESPONSE VS. Ccomp
> @
= 2 awrT T
=3
5 £ = 3 il v °°F| 1'5;,‘;”-”],11
LZ 80 \N 11 :; NN 30pF |11
8 sl N \3: ad || L
G P2 limg N R N
3 i ; 0 AL r“ (1] Y N __J
-65]-50 ~25 0 +25 +50 +75 +100 +125 = e sont N N |1
Temperature (°C) S Mt eSS S
s -2
;’.) 10 100 K 10K 100K M “10M
Frequency (Hz)
NORMALIZED A.C. PARAMETERS OPEN LOOP VOLTAGE GAIN
VS. SUPPLY VOLTAGE ‘ VS. TEMPERATURE
- 12 10 ' !
3 7 [~ VsuppLy = #2000V
po VsSuppLY = £15.0V.
2 n 1051 VsuppLY = £100V A
g ] — RN
1.0 : ~ 100
- — T 7 £ 3
—3 ] B BANDWIDTH S . / )
> S
g SLEW RATE
S 09 - - 95
£
2 .
Mxm +15 20 0 g 25 125 50 +75 100 +125
Supply Voltage Temperature (°C)
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OUTPUT VOLTAGE SWING VS. FREQUENCY

EQUIVALENT INPUT NOISE VS. BANDWIDTH

e 100
. S
6_3 Ccomp = 0pF
S ) r: Ccomp = 15 pF »
~ P — Per
S 10 - > gallll
e S I = 10K SOURCE RESISTANC ==
= 2 —— 0 SOURCE RESISTANC
s 2
> =
£ N TN 5 N
ug, 1.0 A _E- 10 o
5
E‘ “\l
O= 4 ‘\fF
0.1 01 /’r l
10K 100K ™ 10M 100Hz 1kHz 10kHz 100kHz IMHz
Frequency (Hz) Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
Broadband Noise Characteristics
TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE

4200mV
INPUT
o

AV=1 sELEcTED . COMP _ﬂ 15pF
1 CHANNEL 1 ° "
+15.0V

<RSI
_L 5 2 l
— Il———msz TIME SETTLING TIME = " I o
—F =
NOTE: Measured on both positive and S -
negative transitions. s 200Q
hd
TYPICAL APPLICATIONS
AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD
- \_/ N/
INPUT —__c + 0y }_ [ Do ]
3 DECODE/ DECODE/
b——E = g ConTRoL | b, | }_ CD{I)%I;:;L [ -2 CoNTROL | Dy } i—
{j;J = |, gj;J el Sl
’—“{{ﬁ ovoffn euT | 15 anofly
comp. ] - comp ]‘-‘
- 15pF [ - (3
N ZS wll——3 o wsv 315: wff——F o 4mv
b OUTPUT ]—__O ouTeuT [ OUTPUT } O ouPuT
HA2400 ad v-[l—o -sv HA-2400 A v- }—_~§v
2K
I 11150 x 108 A
® Sample charging rate = < V/sec. 19 25200 x 10—9 A @ +25°C"
] o
mmmmmmmé\m%. ~600 x 10°9 A @ -55°C
. a 2100 x 10-% A @ +125°C
Switch pedestal error = < Volts a~~2x10-12coul.
500
=+ FOR MORE EXAMPLES, SEE HARRIS APPLICATION NOTE 514
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HA-2406
Digitally Selectable Four Channel
Operational Amplifier

o HARRIS

Features
e TTL Compatible Inputs

¢ Single Capacitor Compensation

Description

The HA-2406 is a monolithic device consisting of four op
amp input stages that can be individually connected to
one output stage by decoding two TTL lines into four
channel select signals. In addition to allowing each
channel to be addressed, an enable control disconnects
all input stages from the output stage when asserted low.

Each input-output combination of the HA-2406 is
designed to be a 20V/us, 30MHz gain-bandwidth amplifier
that is stable at a gain of ten but by connecting one ex-
ternal 15pF capacitor all amplifiers are compensated for
unity gain operation. The compensation pin may also be
used to limit the output swing to TTL levels through suit-
able clamping diodes and divider networks (see Applica-
tion Note 514).

Applications

* Digital Control Of:
» Analog Signal Multiplexing

e Low Crosstalk -110¢8 > Op Amp Gains
* High Slew Rate 20V/us » Oscillator Frequencies
¢ Low Offset Current SnA » Filter Characteristics
» Comparator Levels
¢ Offset Voltage mvV
¢ High Gain-Bandwidth 30MHz ° Ideal for Digital Signal Processing Systems
® High Input Impedance 30MQ

Dielectric isolation and short-circuit protected output
stages contribute to the quality and durability of the
HA-2406 . When used as a simple amplifier, its-dynamic
performance is very good and when its added versatility is
considered, the HA-2406 is unmatched in the analog
world. It can replace a number of individual components
in analog signal conditioning circuits for digital signal
processing systems. Its advantages include saving board
space and reducing power supply requirements.

The HA-2406 is available in a 16 pin dual-in-line package
and is guaranteed for operation over the full commercial
temperature range (0°C to +750C).

. .
Pinout Schematic
TOP VIEW HA-2406
NS
1 I: DECODE L) ] 18 1IN+ 1IN-Q o COMP +Veo
. 1
CONTROL A2 R13
IE L) s 0 k2 Sk iek o L}
035" 29039
R 05 VE__028 031 (o
3 I ENABLE ]“ n23 o -
341
2xg o P 027 028 aﬁmwm
4[ anf i3 o Lgek e a3 A
ENABLE
A RE
5[ COMP IZ_ - R35 2.0k}018 a2 121 %
= 16K . 1 02
n o 5.6K 041
n[: ¥ }--*--O R GND| '\mo
- v
an
7 4 10 lay
E:§ llUTAP'lI!; j Q13 ve
HE v 9 Q14 e
TO ADDITIONAL
Bl an INPUT STAGES
VA poa g}z
R8 < S < i
TRUTH TABLE 019 ek %’.‘5’4&3 SToe foes She | 3N T Vee
SELECTED 00 ©D1
|01 CHANNEL
L|LlH 1 ’
L{H|H 2 Diagram includes: One Input Stage, Decode Control, Bias Network and
H{L|H 3 Output Stage.
H|H|H 4
x| x| L NONE

Copyright © Harris Corporation 1985
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Specifications HA-2406

Absolute Maximum Ratings

Voltage Between V+ and V- Terminals..........c.......... 45.0V  Internal Power Dissipation ... 300mwW
Differential Input Voltage Operating Temperature Range.......... 00C = Ta =+750C
Digital Input Voltage Storage Temperature Range ........ -650C < T < +1500C

Output Current.......ccceevvvervinnnns

(IsC < +£33mA)

Electrical Characteristics Test Conditions: Vsypply = £15.0V Unless Otherwise Specified.
Digital Inputs: V| = +0.5V, V| = +2.4V. Limits apply to each of the four channels,
when addressed.

HA-2406
LIMITS
PARAMETER TEMP | MIN I TYP l MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 7 10 mv
Full 12 mV
Bias Current (Note 12) +250C 50 250 nA
Full 500 nA
Offset Current (Note 12) +250C 5 50 nA
Full 100 nA
Input Resistance (Note 12) +250C 30 MQ
Common Mode Range Full +9.0 \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 1, 5) +250C 40K 150K V/V
Full 20K VIV
Common Mode Rejection Ratio (Note 2) Full 74 80 dB
Gain Bandwidth (Note 3, 15) +250C 15 30 MHz
Gain Bandwidth (Note 4, 15) +250C 3 6 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0 +12.0 \
Output Current (Note 13) +250C 10 15 mA
Full Power Bandwidth (Notes 3, 5, 14, 15) +250C 240 320 kHz
Full Power Bandwidth (Notes 4, 5, 14) +250C 64 95 kHz
TRANSIENT RESPONSE
Rise Time (Notes 4, 6) +250C 30 100 ns
Overshoot (Notes 4, 6) +250C 25 40 %
Slew Rate (Notes 3, 7, 15) +250C 15 20 V/us
Slew Rate (Notes 4, 7) +250C 4 6 V/us
Settling Time (Notes 4, 7, 8, 15) +250C 2.0 35 us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (V)N = 0V) Full 1 15 mA
Digital Input Current (V)N = +5.0V) Full 15 nA
Output Delay (Note 9, 15) +250C 150 300 ns
Crosstalk (Note 10) +250C -74 -110 dB
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 4.8 7.0 mA
Power Supply Rejection Ratio (Note 11) Full 74 90 dB
Notes:
1. RL=2kQ 10. Unselected input to output; Vi==210VDC
2. Vom=45VDC 11.Vgypp==£10VDC to £20VDC
3. Ay=+10, Ccomp=0. RL7 2k(), C_= 50pF. 12. Unselected channels have approximately the same input parameters.
4. Ay=+1, Ccomp = 15pF. R = 2k, C( = 50pF. 13.VoyT =%10V
5. VouyT =20V peak to peak. 14. Full power Bandwidth guaranteed based on slew rate
6. VouT=200mV peak to peak. measurement using: FPBW = _S.R.
7. VouTt =10.0V peak to peak. 2mVpeak
8. To 0.1% of final value. 15. Sample tested.
9. To 10% of final value; output then slews at normal rate to final value.
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HA-2406

Characteristic Curves V+=15VDC, V- =-15VDC,Ta = 250C unless otherwise stated.

INPUT BIAS CURRENT AND OFFSET CURRENT NORMALIZED A. C. PARAMETERS
AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE
60 ’
N LTTTTTI [
[~T~_ BIAS CURRENT 53
I~~~ e L 8
™1~ ¥ §\"’o,,
o = |
—_ -3
< 2w N
= 3 \
£ G N
D o« ~d
£ 10 P N T
3 2 A\
> ’2«\
E N
5 2 N
N\'\\\QFFSET CURRENT E s N
~ =
0 T T+ 0 25 50 %
0 25 50 15 Temperature (°C)

Temperature (°C) OPEN LOOP FREQUENCY AND PHASE

. RESPONSE
POWER SUPPLY CURRENT DRAIN AS A g 120 T T T T
FUNCTION OF TEMPERATURE £ oo LI - 4dHEhe || CRGESTALE ResECTION
© 4N °l
450 S K] 5]
g w0 RS i
G N a3y
-~ S W <q N
< = 1| IR L TN |
I g Coous -or L
= 425 S ol To o coomp - 1eF { GAIN ‘—ﬁ H
3 | L S -200 Lot 11l [ 11l
S - \ g 10 100 1K 10K 100K ™
S \\\:Vsumv =£200V Frequency (Hz)
= N[ VSUPPLY = £15.0
&S 40 VSUPPLY = +10.0V = FREQUENCY RESPONSE VS. C
g ‘ comp
= 20 LAY
s T T
S w=H N X e
0 ?3’ 60 ™ ;: NSy A
0 25 50 75 S parilimn ISl Y
Temperature (°C) a 1oo0er T | ({11 INE N
g 100pF Sy SN g
5 k1 A il
§ -
NonMAu:ﬁgPth\'lopt'?AAgEETEns vs. S 100 ® 10K 00K M 10M 100M
Frequency (Hz)
12 }
2 OPEN LOOP VOLTAGE GAIN VS.
2 TEMPERATURE
b e b
s M Vsumv=1zuluv\
B VSUPPLY = £15.0V
8 | VSUPPLY = +10.0V
]
& 10 105
— 7 1
=] // BANDWIDTH % ///:/
s = -1 o
> p ////’ |
SLEW RATE —
E 0 (g ////, A1
]
s A
5 A
=
+10 +15 +20 100
0 2 50 75

Supply Voltage Temperature (°C)
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'HA-2406

E T [T}
Characteristic Curves (Continued) S
. N
1
OUTPUT VOLTAGE SWING:VS. FREQUENCY EQUIVALENT INPUT NOISE VS. BANDWIDTH g
. : - e 100
A
= Céon;vt ‘dlolF]
& 1] Ccomp = 15 pF
S 20 S I
£ w0 2dlh) 2 10
& = ‘% F— 10K SOURCE RESISTANCE -
a g —— 0 SOURCE RESISTANC .i\"\ Tt
£ N = < Il
> A g | £70°.
E’ N a T i/’\”*sc
& 10 ¢ = 19 o &
5 i
e o
= “ .
o 1 | i~
' 0.1 {_A T i = ;é:
n.1mK o T ow 100H; kH2 W0KHz . 100kHz . IMHZ 08__;
) =
Frequency (Hz)v : Upper 3dB Frequency. < =
Lower 3dB Frequency - 10Hz o §
Broadband Noise Characteristics
~ TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE

+£200my L owsov, [
] . I AV=1 seLectep  _COMP O/;—llﬁpF
WPUT ‘ NPUT I CHANNEL . ]
B . _ +15.0V
o -5.0v .

|
I
f 0 |
+50V ST IT ; w 1 H o
1
OUTPUT ! : ERROR BAND !
1 i : £10mV FROM 1
S S=Pf inam | FINALVALUE H
| beaT— RATE !
i 1 oaviat >
> 18002 50pF
| S sn:n.ms TIME F 1:
MR M 2 5 e w2
L
Typical Applications
AMPLIFIER, NON-INVERTING :
. SAMPLE AND HOLD
PROGRAMMABLE GAIN
INPUT 0O o ~
* o n Dy
° —{ DECODE/ d ( 3 DECODE/ .
{ e CONTROL | D, h [ el CONTROL 0y
I DIGITAL
»—[t& CONTROL I =
: . . i s
I T o [ e
;»" cw'aw}‘-‘\z‘ o ' mpgﬂ‘ 1 “G""]’:L
U — %
d- 150F B — ]—_I_c
FED ; ve 1}——-——Lo v [§ wl—— B owsv
y . 0 oUTPUT .
WA::N . o . [ WA‘;:.'»" ]——O ouThuT
HA 2400 p | HA2400 v-f—o
. 15V
n
« Sample charging rate’v=_|.1V/sec. 1~ 150 x 106 A
' ' b c Ip ~ 200 x 109 A at +250C
. : Hold drift rate = EV/sec' v . ~ 600 x 10-9 A at-550C
~ -9 0
Switch pedestal error = Q Volts 100 x 107 A at +1259C
50 c Q~2x10-12 Coul.

For more examples, see Harris Application Note 514.-
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D HARRIs  HA-2500/02/05

Precision High Slew Rate
Operational Amplifiers

FEATURES
o HIGH SLEW RATE 30V/uS
® FAST SETTLING’ ' 330ns
* WIDE POWER BANDWIDTH 500kHz
e HIGH GAIN BANDWIDTH 12MHz
e HIGH INPUT IMPEDANCE 50MQ
o LOW OFFSET CURRENT 100A

e INTERNALLY COMPENSATED

APPLICATIONS

DATA ACQUISTION SYSTEMS

(]

R.F. AMPLIFIERS

VIDEO AMPLIFIERS

SIGNAL GENERATORS

PULSE AMPLIFICATION

DESCRIPTION

HA-2500/2502/2505 comprise a series of monolithic opera-
tional amplifiers whose designs are optimized to deliver excellent
slew rate, bandwidth, and settling time specifications. The
outstanding dynamic features of this internally compensated
device are complemented with low offset voltage and offset
current.

These dielectrically isolated amplifiers are ideally suited for
applications such as data acquisition, R.F., video, and pulse
conditioning circuits. Slew rate of £25V/u's and 330ns (0.1%)
settling time make these devices excellent components in fast,
accurate data acquisition and pulse amplification designs. 12
MHz bandwidth and 500kHz power bandwidth make these
devices well suited to R.F. and video applications. With 2mV
typical offset voltage plus offset trim capability and 10nA
offset current, HA-2500/2502/2505 are particularly useful
components in signal conditioning designs.

The gain and offset voltage figures of the HA-2500 series are
optimized by internal component value changes while the
similar design of the HA-2510 series is maximized for slew rate.

HA-2500/2502/2505 are available in metal can (T0-99) pack-
ages. HA-2500 and HA-2502 are specified over the -550C to
+1250C range. HA-2505 is specified from 00C to +750C.
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SPECIFICATIONS

n
ABSOLUTE MAXIMUM RATINGS Q
N
Voltage Between V+and V- Terminals 400V Operating Temperature Range Q
Differential Input Voltage +15.0V HA-2500/2502 -550C < Tp < +1250C o
Peak Output Current 50mA HA-2505 00C < Tp <+750C 8
Internal Power Dissipation 300mW Storage Temperature Range -650C <Tp <+1500C ‘}l
<
ELECTRICAL CHARACTERISTICS V+=+15V D.C.,V-=-15V D. C. I
HA-2500 HA-2502 HA-2505
-550C to +1250C -550C to +1250C 00C to 750C
PARAMETER TEMP. MIN | TYP | MAX MIN | TYP | MAX MIN | TYP| MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 2 5 4 8 4 8 mV ol
Full 8 10 10 mV g %
Offset Voltage Average Drift Full 20 20 20 uv/oc ;.;
[~ =4
Bias Current +250C 100 | 200 125 [ 250 125 | 250 nA = £
Full 400 500 500 nA °8
Offset Current +250C 10 25 20 50 20 50 nA
Full 50 100 100 nA
Input Resistance (Note 10) +250C 25 50 20 50 20 50 M
Common Mode Range Full +10.0 +10.0 £10.0 '
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C 20K | 30K 15K | 25K 15K | 25K VIV
(Note 1,4) Full 15K 10K 10K VIV
Common Mode Rejection Ratio Full 80 90 74 90 74 90 dB
(Note 2) :
Gain Bandwidth Product (Note 3) +250C 12 12 12 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0f £12.0 +100|£120 £10.0] 12,0 \Y
Output Current (Note 4) +250C 10| 20 10| X20 10| 20 mA
Full Power Bandwidth (Notes 4,11) +250C | 350 500 300 | 500 300 | 500 kHz
TRANSIENT RESPONSE
Rise Time (Notes 1,5,6 & 8) +250C 25 50 25 50 25 50 ns
Overshoot (Notes 1,5, 7 & 8) +250C 25 40 25 50 25 50 %
Slew Rate (Notes 1,5,8 & 12) +260C | *25 | *30 20| %30 t20 | t30 V/us
Settling Time to 0.1% +250C 0.33 0.33 0.33 us
(Notes 1,5, 8 & 12)
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 4 6 4 6 4 6 mA
Power Supply Rejection Ratio Full 80 90 74 90 74 90 dB
(Note 9)
NOTES: 1. Ry =2kl 6. Vo =1200mVv 10. This parameter value is based on
2. Vem = t10v 7. Vo =1200mVv design calculations.
3. Ay >10 8. See transient response test cir- 11. Full power bandwidth guaranteed based
4. Vo=1100V cuits and waveforms Page 2-31. on'slew rate measurement using:
5. CL = 50pF 9. Av=X50V FPBW = S. R./27TVpeak.
12. VouTt =315V
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PERFORMANCE CURVES

Normalized Parameters

Normalized Parameters

V+=15VDC, V- = 156VDC, Tp = 26°C UNLESS OTHERWISE STATED

Referred to Values at

Referred to Values at

Current - nA
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Gain - dB
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PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT

vs TEMPERATURE
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) HARRIS

HA-2510/12/15

High Slew Rate
Operational Amplifiers

FEATURES

e HIGH SLEW RATE

e FAST SETTLING

® WIDE POWER BANDWIDTH

e HIGH GAIN BANDWIDTH.

e HIGH INPUT IMPEDANCE

® LOWOFFSET CURRENT

® INTERNALLY COMPENSATED

APPLICATIONS

e DATA ACQUISITION SYSTEMS
® R.F. AMPLIFIERS

60V/us
250ns
1,000kHz
12MHz
100M$2
10nA

DESCRIPTION

The HA-2510/2512/2515 are a series of high performance
operational amplifiers which set the standards for maximum
slew rate, highest accuracy and widest bandwidth for internally
compensated monolithic devices. In addition to excellent
dynamic characteristics, these dielectrically isolated amplifiers
also offer low offset current and high input impedance.

The *60V/ u s slew rate and 250ns (0.1%) settling time of these
amplifiers is ideally suited for high speed D/A, A/D, and pulse
amplification designs. HA-2510/2512/2515's superior 12MHz
gain bandwidth and 1000kHz power bandwidth is extremely
useful in R. F. and video applications. For accurate signal
conditioning these amplifiers also provide 10nA offset current,
coupled with 100M2  input impedance, and offset trim
capability.

The HA-2510 and HA-2512 have guaranteed operation form
-550C to +1250C and are available in metal can and ceramic
mini DIP packages. Both are offered as a military grade part

e VIDEO AMPLIFIERS with the HA-2510 also available in LCC package. The HA-2515
has guaranteed operation from 00C to +750C and is available
© SIGNAL GENERATORS in plastic and ceramic mini DIP and metal can packages.
e PULSE AMPLIFICATION
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SPECIFICATIONS

n
-
ABSOLUTE MAXIMUM RATINGS a
Voltage Between V+and V- Terminals 40.0V Operating Temperature Range t
Differential Input Voltage 150V HA-2510/2512 -550C <Tp < +1250C ,°_
Peak Output Current ) 50mA HA-2515 0oC <Tp <+750C Cl?l
Internal Power Dissipation 300mW Storage Temperature Range -650C < Tp <+1500C D
T
ELECTRICAL CHARACTERISTICS V+=+15V D.C., V-=-15V D.C.
’ HA-2510 HA-2512 HA-2515
-550C to +1250C -550C to +1250C 00C to 75°C
PARAMETER TEMP, MIN | TYP | MAX MIN | TYP | MAX MIN | TYP | MAX UNITS
INPUT CHARACTERISTICS .
Offset Voltage +250C 4 8 5 10 5 10 mvV ] ;5
Full 11 14 14 mv S?
Offset Voltage Average Drift Ful 2 2 30 uv/oC %2’
'—
Bias Current +250C 100 | 200 125 | 250 125 | 250 nA S8
Full 400 500 500 nA bt
Offset Current +250C 10 25 20 50 20 50 nA
Full 50 100 100 nA
Input Resistance (Note 10) +250C 50 100 40 100 40 100 MQ
Common Mode Range . Full +10.0 +100 *100 v
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C 10K | 15K 75K | 15K 75K | 15K VIV
(Note 1,4) Full 15K 5K 5K VIV
Common Mode Rejection Ratio Full 80 90 74 90 74 90 dB
(Note 2)
Gain Bandwidth Product (Note 3) +250C . 12 12 12 MHz
OUTPUT CHARACTERISTICS . .
Output Voltage Swing (Note 1) ) Full 1100120 *100]x120 +100] £12.0 v
Output Currert (Note 4) ~ L 4s0c | %10 | z20 10| t20 +10 | £20 mA
Full Power Bandwidth +250C 750 | 1000 600 | 1000 600 | 1000 kHz
(Note 4,11)
TRANSIENT RESPONSE .
Rise Time (Notes 1,5, 6 & 8) +250C 25 50 25 50 25 50 ns
Overshoot (Notes 1,5,7 & 8) +250C 25 40 25 50 25 50 %
Slew Rate (Notes 1,5,8 & 12) +250C +50 | 65 +40 | *60 +40| %60 V/us
Settling Time (Notes 1,5,8&12) 4250(2 0.25 0.25 1 0.25 Ms
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 4 6 4 6 4 6 mA
Power Supply Rejection Ratio Full 80 90 74 90 74 | 90 dB
NOTES: 1. Ry =2k{2 6. Vo =%200mVv 10. This parameter value is based on
2. Vem=X10v 7. Vvg=%1200mVv design calculations.
3. Ay > 10 8. See transient response test cir- 11. Full power bandwidth guaranteed based
4. Vo=*100v cuits and waveforms Page 2-35. on slew rate measurement using:
5. Cp =50pF 9. AV=%150V FPBW = S. R./2TVpeak.
12. Vourt=3%5Vv
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PERFORMANCE CURVES

Normalized Parameters

Normalized Parameters

Referred to Values at

Referred to Values at
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PERFORMANCE CURVES (continued)

POWER SUPPLY CURRENT
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D HARRIS HA-2520/22/25

Uncompensated High Slew
Rate Operational Amplifiers

FEATURES DESCRIPTION
HA-2520/2522/2525 comprise a series of monolithic opera-
o HIGH SLEW RATE 120V/us tional amplifiers delivering an unsurpassed combination of
e FAST SETTLING 200ns specifications for slew rate, bandwidth and settling time, These
dielectrically isolated amplifiers are controlled at close loop
e WIDE POWER BANDWIDTH 2,000kHz gains greater than 3 without external compensation. In addi-
e HIGH GAIN BANDWIDTH 20MHz tion, these high performance components also provide low
offset current and high input impedance.
o HIGH INPUT IMPEDANCE 100M$2
e LOWOFFSET CURRENT 10nA 120V/u s slew rate and 200ns (0.2%) settling time of these

amplifiers make them ideal components for pulse amplification
and data acquisition designs. These devices are valuable com-
ponents for R. F. and video circuitry requiring up to 20MHz
APPLICATIONS gain bandwidth and 2MHz power bandwidth. For accurate
signal conditioning designs the HA-2520/2522/2525's superior
dynamic specifications are complimented by 10nA offset cur-
rent, 200M£2 input impedance and offset trim capability.

e DATA ACQUISITION SY
A SITION SYSTEMS The HA-2520 and HA-2522 have guaranteed operation from

e R.F. AMPLIFIERS -550C to +1250C and are available in metal can and ceramic
mini DIP package. Both are offered as a military grade part
e VIDEO AMPLIFIERS with the HA-2520 also available in LCC package. The HA-2525
has guaranteed operation from 00C to +750C and is available in
e SIGNAL GENERATORS plastic and ceramic mini DIP and metal can packages.

e PULSE AMPLIFICATION
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SPECIFICATIONS

n
N
ABSOLUTE MAXIMUM RATINGS N
N
Voltage Between V* and V™ Terminals 40.0V Operating Temperature Ranges: B
Differential Input Voltage 115.0V HA-2520/HA-2522 -550C.< Tp <+1250C N
Peak Output Current 50mA HA-2525 00C <TpA<+750C g
Internal Power Dissipation : 300mwW Storage Temperature Range: -650C <Tp <+1500C <'
-
ELECTRICAL CHARACTERISTICS v+=+15vD.C., V-=-15V D.C.
HA-2520 HA-2522 HA-2525
-550C to +1250C -550C to +1250C 00C to +750C
PARAMETER TEMP MIN | TYP | MAX MIN | TYP | MAX MIN | TYP | MAX | UNITS
INPUT CHARACTERISTICS a b
Offset Voltage +250C 4 8 5 10 5 10 mv g £
Full " 14 14 mv *’5_":
c
Offset Voltage Average Drift Full 20 25 30 uv/oc § g
=
Bias Current +250C 100 | 200 125 | 250 125 | 250 nA eF
Full 400 500 500 nA
Offset Current +250C 10 25 20 50 20 50 nA
Full 50 100 100 nA
Input Resistance (Note 9) +250C 50 100 40 100 40 100 M
Common Mode Range Full +10.0 £10.0 £10.0 v
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 1,4) +250C 10K | 15K 7.5K | 15K 7.5K | 15K VIV
Full 75K 5K 5K v/v
Common Mode Rejection Ratio Full 80 90 74 90 74 90 dB
(Note 2)
Gain Bandwidth Product (Notes 3,12) | +250C 10 20 10 20 10 20 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0| 120 +10.0(£120 £10.0 {£12.0 v
Output Current (Note 4) +250C 10| 20 10 | £20 10 | £20 mA
Full Power Bandwidth (Notes 4, 10) +250C 1500 | 2000 1200 | 1600 1200 | 1600 kHz
TRANSIENT RESPONSE (Ay =+3)
Rise Time (Notes 1, 5,6 & 8) +250C 25 50 25 50 25 50 ns
Overshoot (Notes 1,5, 6 & 8) +250C 25 40 25 50 25 50 %
Slew Rate (Notes 1,5,8 & 11) +250C | 100|120 +80 [+120 +80 |£120 V/us
Settling Time (Notes 1,5,8 &11) +250C 0.20 0.20 0.20 us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 4 6 4 6 4 6 mA
Power Supply Rejection Ratio (Note 7) Full 80 90 4 | 90 74 90 dB
NOTES: 1. R =2KQ 5. Ci =50pF 8. See Transient Response Test Cir- 10. Full power bandwidth guaranteed
2. Vem=+10v 6. Vg =21200mVv cuits and Waveforms Page 2-39 based upon slew rate measurement
3. Ay>10 7. AV=%50V 9. This parameter value is based FPBW = S. R./27T Vpeak.
4. Vo=%10.0v upon design calculations. 1. Vourt =315V
12. Guaranteed by design.
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PERFORMANCE CURVES

V+ =15V D. C., TA = 259C unless otherwise stated.

Normalized Parameters

Normalized Parameters

Current - nA

Referred to Values at
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115V

Referred to Values at
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PERFORMANCE CURVES (continued)
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& HARRIS

HA-2539

Very High Slew Rate Wideband
Operational Amplifiers

Features

VERY HIGH SLEW RATE
OPEN LOOP GAIN

WIDE GAIN-BANDWIDTH

LOWOFFSET VOLTAGE

°

.

L]

® POWER BANDWIDTH
.

® [NPUT VOLTAGE NOISE
°

OUTPUT VOLTAGE SWING

Applications

600V/us
15kV/V
600MHz
9.5MHz
3mV

6nV /\/ Hz
fiov

® PULSE AND VIDEO AMPLIFIERS

e WIDEBAND AMPLIFIERS

® HIGH SPEED SAMPLE-HOLD CIRCUITS

® RF OSCILLATORS

Description

The Harris HA-2539 represents the ultimate in high slew rate
wideband, monolithic, operational amplifiers. It has been de-
signed and constructed with the Harris high frequency Bipolar
dielectric isolation process and features dynemic parameters
never before available from a truly differential device.

With a 600V/ us slew rate and a 600MHz gain-band-width-pro-

duct, the HA-2539 is ideally suited for use in video and RF am-

plifier designs, in closed loop gains of 10 or greater. Full 210V

swing coupled with outstanding A.C. parameters and complemen-
ted by high open loop gain makes the devices useful in high

speed data acquisition systems.

The HA-2539 is available in the 14 pin ceramic and epoxy
packages, as well as a 20 pin LCC package. The HA-2539-2
denotes -550C to +1250C operation while the HA-2539-5
operates over the 00C to +750C range.

Pinouts
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)]
0
Specifications o
ABSOLUTE MAXIMUM RATINGS (Note 1) g
Voltage between V+ and V- Terminals 35V
Differential Input Voltage 6V
Output Current 50mA (Peak)
Internal Power Dissipation (Note 2) 870mW (Cerdip)
Operating Temperature Range: (HA-2539-2) -550C< Tp <+1250C
(HA-2539-5) 00C<TA<+750C
Storage Temperature Range -650C< Ta <+1500C
ELECTRICAL CHARACTERISTICS VsyppLy =*15 Volts; R = 1K ohms, unless otherwise specified.
als
HA-2539-2 HA-2539-5 § L§'_
-550C to +1250C 00C to +750C ;’.5,
=
PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS ::_ E
INPUT CHARACTERISTICS ) °8
Offset Voltage +250C 8 10 8 15 mV
FULL 13 15 20 mV
Average Offset Voltage Drift FULL 20 20 uv/oc
Bias Current +250C 5 20 5 20 MA
FULL 25 25 MA
Offset Current +250C 1 6 1 6 MA
FULL 8 8 uA
Input Resistance +250C 10 10 Kohms
Input Capacitance +250C 1.0 1.0 pF
Common Made Range FULL *10 210 Vv
Input Voltage Noise (f = 1kHz, Rg=09) | +250C 6 6 nV/ Az
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C 10K 15K 10K 16K VIV
FULL 5K 5K VIV
Common-Mode Rejection Ratio (Note 4) FULL 60 60 dB
Gain-Bandwidth-Product (Notes 5 & 6) +250C 600 600 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) FULL | %10 X10 Vv
Output Current (Note 3) +250C 10 10 mA
Output Resistance +250C 30 30 Ohms
Full Power Bandwidth (Note 3 & 7) +250C 8.7 95 8.7 95 MHz
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 7 7 ns
Overshoot +250C 15 15 %
Slew Rate +250C 550 600 550 600 V/us
Settling Time:
10V Step to 0.1% +250C 200 200 ns
POWER REQUIREMENTS
Supply Current FULL 20 25 20 25 mA
Power Supply Rejection ‘Ratio (Note 9) FULL 60 60 dB
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NOTES:
1. Absolute maximum ratings are limiting values, applied 5. Vg=90mV.
individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operability under any 6. Ay =10.
of these conditions is not necessarily implied.
2. Derate at 8.7mW/OC for operation at ambient temper- 1. Full power bandwidth guaranteed based on slew rate
atures above +750C, Heat sinking required at temper- measurement using FPBW = S__Iew Rate.
atures above +750C. Tja = 1150C/W; Tyc = 350C/W. 27 Vpeak

Thermalloy model 6007 heat sink recommended.

3. RL=1KS2, VO =X 10V
4, Vom =210V 9. VSyppLY =25VDCto+15VDC

8. Refer to Test Circuits section of data sheet.

Test Circuits
LARGE AND SMALL SIGNAL RESPONSE

TEST CIRCUIT *
IN
ouT
$ 90082
Ay =10
1001} “Cp < 10pF
LARGE SIGNAL RESPONSE = SMALL SIGNAL RESPONSE i
Vertical Scale: A=0.5V/Div., B=5.0V/Div. Vertical Scale: Input=10mV/Div., Output=50mV/Div.

Horizontal Scale: Time: 50ns/Div. Horizontal Scale: 20ns/Div.

#* Load Capacitance should be less than 10pF.
20092

INPUT

OUTPUT ** Atisr ded that i s be carbon composition and

that feedback and summing network ratios be matched.
* PROBE

I MONITOR  44s SETTLE POINT (Summing Node) i hould be less

= than 10pF. For optimum settling time results, it is recom-
mended that the test circuit be constructed directly onto the
device pins. A Tektronix 568 Sampling Oscilloscope with S-3A
sampling heads is recommended as a settle point monitor.

50082 *+

SETTLE
POINT

e
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Applications

@
®
0
o
<
I

FREQUENCY COMPENSATION STABILIZATION USING Z1y
COMPENSATION BY OVERDAMPING

R1 R SET: A R2 3
SET Ay=1+— =5 2 PAVE T
. R2 YA'A Aun 1
20-100pF I HA-2539 Rq )
2°“§ ) R1 [:]Zm —O
+

—_
R2 =

REDUCING DC ERRORS
COMPOSITE AMPLIFIER

OPAMP, COMP.
CONTROL FUNCT.

R5 1KQ R4 10KQ
o—VWWA—s¢ —VMA
INPUT c2 L 0.039uF
-i— R1< 10K
- > 3900pF R2 1KQ
\|
Ilcq
- - HA-2539 ——o
+ OUTPUT

HA-5170
/

2

R3 S 1K

S

DIFFERENTIAL GAIN ERROR (3%)
HA-2539 20dB VIDEO GAIN BLOCK
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Performance Curves
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Performance Curves (Continued)

CLOSED LOOP FREQUENCY RESPONSE OUTPUT VOLTAGE SWING
FOR VARIOUS CLOSED LOOP GAINS VS. FREQUENCY
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o HARRIS

HA-2540

Wideband, Fast Settling
Operational Amplifiers

FEATURES

e VERY HIGH SLEW RATE

e FAST SETTLING TIME

e WIDE GAIN-BANDWIDTH

o POWER BANDWIDTH

o LOW OFFSET VOLTAGE

e INPUT VOLTAGE NOISE

e OUTPUT VOLTAGE SWING

e MONOLITHIC BIPOLAR CONSTRUCTION

APPLICATIONS

o PULSE AND VIDEO AMPLIFIERS

e WIDEBAND AMPLIFIERS

¢ HIGH SPEED SAMPLE-HOLD CIRCUITS
e FAST, PRECISE D/A CONVERTERS 7

GENERAL DESCRIPTION

400V/us

The Harris HA-2540 is a wideband, very high slew rate, mono-
200ns lithic operational amplifier featuring superior speed and band-
400MHz width characteristics. Bipolar construction coupled with dielec-
tric isolation allows this truly differential device to deliver out-
6MHz standing performance in circuits where closed loop gain is 10
8mV or greater. Additionally, the HA-2540 has a drive capability of
110V into a 1K ohm load. Other desirable characteristics in-
6nV/ \/EE clude low input voltage noise, low offset voltage, and fast

10V settling time.

A 400V/ us slew rate ensures high performance in video and
pulse amplification circuits, while the 400MHz gain-band-
width-product is ideally suited for wideband signal amplifica-
tion. A settling time of 200ns also makes the HA-2540 an ex-
cellent selection for -high speed Data Acquisition Systems.

The HA-2540-2 is specified over the -550C to +1250C range
while the HA-2540-5 is specified from 00C to +750C.

The HA-2540 is available in the 14 pin ceramic and epoxy
packages, as well as a 20 pin LCC package.

PINOUT

TOP VIEWS

U

ouTPUT
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SPECIFICATIONS

o
<
ABSOLUTE MAXIMUM RATINGS (Note 1) g
1
Voltage between V+ and V- Terminals 35v <
Differential Input Voltage ' 6V -
Output Current 50mA (Peak)
Internal Power Dissipation (Note 2) 870mW (Cerdip)
Operating Temperature Range: (HA-2540-2) -550C< Ta <+1250C
(HA-2540-5) 00C<TA<+750C
Storage Temperature Range -650C<Ta <+1500C
ELECTRICAL CHARACTERISTICS VsuppLY =*15Volts; R = 1K o/hms, unless otherwise specified.
HA-2540-2 HA-2540-5
-550C to +1250C 00C to +759C ol
PARAMETER TEMP MIN TYP MAX MIN TYP | MAX UNITS § 5
INPUT CHARACTERISTICS 2
<
Offset Voltage +250C 8 10 8 | 15 mv 52
FULL 13 15 ) 20 mV =]
Average Offset Voltage Drift FULL 20 20 uv/oc
Bias Current +250C 5 20 5 20 MA
FULL 25 25 uA
Offset Current +250C 1 6 1 6 MA
FULL 8 8 uA
Input Resistance +250C 10 10 Kohms
Input Capacitance +250C 1.0 1.0 pF
Common Mode Range FULL | %10 +10 Vv
Input Noise Voltage (f = 1kHz, Rg =0§2) | +250C 6 6 nV/[Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C 10K 15K 10K 15K ’ VIV
FULL 5K 5K VIV
Common-Mode Rejection Ratio (Note 4) FULL 60 60 dB
Gain-Bandwidth-Product (Notes 5 & 6) +250C 400 400 MHz
OUTPUT CHARACTERISTICS )
Output Voltage Swing (Note 3) ‘ FULL | 10 +10 v
Output Current (Note 3) +250C 10 10 mA
Oytput Resistance | +250C 30 30 Ohms
Full Power Bandwidth (Note 3 & 7) +250C 5.5 6 55 | 6 MHz
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 14 | 14 ns
Overshoot +250C 5 5 %
Slew Rate +250C | 350 400 350 | 400 Vius
Settling Time:
10V Step to 0.1% +250C 200 200 ns
POWER REQUIREMENTS
Supply Current FULL 20 25 20 25 mA
Power Supply Rejection Ratio (Note 9) FULL 60 60 dB
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NOTES:

1. Absolute maximum ratings are limiting values, applied 5. Vg=90mV.
individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operability under any 6. Ay =10.

of these conditions is not necessarily implied.

2. Derate at 8.7mW/OC. for operation at ambient temper- 7. Full power bandwidth guaranteed based on slew rate

\ atures above +750c. Heat sinking required at temper- measurement using FPBW = Slew Rate’
atures above +750c. Tyap = 1150C/W; Tyc = 350C/W. 27 Vpeak
Thermalloy model 6007 heat sink recommended.

3. RL= 1KS2, VO=£10V

8. Refer to Test Circuits section of data sheet.

9. VsyppLY =125VDCto+15VDC

4, Vpm =210V
TEST CIRCUITS
LARGE AND SMALL SIGNAL RESPONSE
TEST CIRCUIT*
IN
ouT
390002

F Ay =10
iwon o< 10nF
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE

Vertical Scale: (Volts: A=0.5v/Div., B=5.0V/Div.) Vertical Scale: Input=10mV/Div.; Output=50mV/Div.
Horizontal Scale: (Time: 50ns/Div.) Horizontal Scale: 20ns/Div.

4 i

SETTLING TIME TEST CIRCUIT

VO ooruF

200024+ ,,;::l_]__ * Load Capacitance should be less than 10pF.
INPUT OUTPUT #% |t is recommended that resistors be carbon composition and
that feedback and summing network ratios be matched.
* PROBE
T MONITOR = 44x SETTLE POINT (Summing Node) capaci should be less
50002%+ = than 10pF. For optimum settling time results, it is recom-
= mended that the test circuit be constructed directly onto the
device pins. A Tektronix 568 Sampling Oscilloscope with S-3A
-V sampling heads is recommended as a settle point monitor.
vV
SETTLE 2K
POINT
O- v
5KQ**
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PERFORMANCE CURVES (Continued)

OUTPUT VOLTAGE STEP - VOLTS

OUTPUT VOLTAGE SWING — VOLTS p-p

CLOSED LOOP GAIN - dB

"OUTPUT VOLTAGE SWING VS. LOAD RESISTANCE

28

24

CLOSED LOOP FREQUENCY RESPONSE

IR

1K 10K 100K ™ 10M
FREQUENCY - Hz

100M

200 400 ‘800 800
RESISTANCE — OHMS

SETTLING TIME FOR VARIOUS
OUTPUT STEP VOLTAGES

12K

40 80 120 160 200
SETTLING TIME —ns

240

OUTPUT VOLTAGE SWING — VOLTS p-p

SUPPLY CURRENT-mA

NORMALIZED PARAMETERS REFERRED TO VALUES AT +250C

OUTPUT VOLTAGE SWING VS. FREQUENCY

T TTTITT
VsyppLY =115V
o

I

|

VsuppLY =110V

VSUuPPLY 25V

10K 100K ™ 10M
FREQUENCY ~Hz

NORMALIZED AC PARAMETERS
VS. TEMPERATURE

100M

BANDWIDTH
N

4

SLEW RATE

-80

-40 0 40 90 120
TEMPERATURE — 0C

POWER SUPPLY CURRENT
VS. TEMPERATURE AND SUPPLY VOLTAGE

160

24/

Vi =116V
SU/PFLV 1

—
4
VsuppLy = 5V

-40 +40 +80 +120
TEMPERATURE-OC

+180
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PERFORMANCE CURVES

INPUT BIAS CURRENT A

INPUT OFFSET VOLTAGE AND BIAS CURRENT

VS. TEMPERATURE
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Horizontal Scale: 50ms/Div.
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APPLICATIONS

WIDEBAND SIGNAL SPLITTER

With one HA-2540 and two low capacitance switching diodes, signals exceeding 10MHz can be separated. This circuit
is most useful for full wave rectification, AM detectors or sync generation.

2 — N
/\/ 200

OFFSET
ADJUST

RY

BOOTSTRAPPING FOR MORE OUTPUT
CURRENT AND VOLTAGE SWING

O +V

SIGNAL OUT
SIGNAL IN

OV
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HA-2541

Wideband, Fast Settling, Unity Gain Stable,
Operational Amplifier

& HARRIS
PRELIMINARY

Features Applications
* Unity Gain Bandwidth 40MHz ® Puise and Video Amplifiers
e High Slew Rate 280V/us o Wideband Amplifiers
o Fast Settling Time 90ns o High Speed Sample-Hold Circuits
® Power Bandwidth 4MHz * Fast, Precise D/A Converters
e Output Voltage Swing +10V * High Speed A/D Input Buffer

Unity Gain Stability

Monolithic Bipolar Construction

Description

The HA-2541 is the first unity gain stable monolithic
operational amplifier to achieve 40MHz unity gain
bandwidth. A major addition to the Harris series of high
speed, wideband op amps, the HA-2541 is designed for
video and pulse applications requiring stable amplifier
response at low closed loop gains.

The uniqueness of the HA-2541 is that its slew rate and
bandwidth characteristics are specified at unity gain.
Historically, high slew rate, wide bandwidth and unity
gain stability have been incompatible features for a

monolithic operational amplifier. But features such as
280V/us slew rate and 40MHz unity gain bandwidth
clearly show that this is not the case for the HA-2541.
These features, along with 90ns settling time, make this
product an excellent choice for high speed dataacqui-
sition systems.

Packaged in a TO-8 metal can or 14 pin ceramic DIP,
the HA-2541 is pin compatible with the HA-2540 and
HA-5190 op amps. The HA-2541-2 is specified over the
temperature range of -550C to +1250C.

Pinouts Schematic sauanse
W
TOP VIEWS %:%i R9 jm R12 j?s 5 S5
- 0P13 QP14 o |V
ap P56
y E i SN L
10 14 11
<Zonag e
20 113 o #“'5 o "ﬁ
BALANCE 30J [112 BALANCE
IN- 40 (11 v+ Le
IN+ 5] (110 ouTPUT e N2
V- 60 19 QP30 Fanas
10 18 anas .
N g‘.qu nngk,l-én | Yout
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Specifications HA-2541

Absolute Maximum Ratings (Note 1)

Voltage Between V+ and V-
Differential Input Voltage...........

Operating Temperature Range:

HA-2541-2.....coiiiiiiiiiic -650C = T < +1250C
HA-2541-5 ..o 00C < Tp < +750C

Output Current.........cccoeiviiiii, 50mA (Peak) Storage Temperature Range ........-650C < Tp =< +150°C
Internal Power Dissipation (Note 2) TO-8............... 1.5W Maximum Junction Temperature...........c.cccceeenne +1750C
Dip.cceieiie 1.6W
Electrical Characteristics VsyppLy = £15 Volts; RL = 2K Ohms, Unless Otherwise Specified
HA-2541-2 HA-2541-5
-550C to +1250C 00C to +75°C
PARAMETER TEMP | MIN | TYP | MAX | MIN I TYP |MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage (Note 11)* +250C 2 2* mV
Full 6 6" mV
Average Offset Voltage Drift Full 20 20 uv/oC
Bias Current +250C 6 35 6 35 uA
Full 50 50 HA
Offset Current +250C 1 7 1 7 UA
Full 9 HA
Input Resistance +250C 100 100 Kohms
Input Capacitance +250C 1 1 pF
Common Mode Range Full +10 +10 \
Input Noise Voltage (f = 1kHz, Ry = 00)) | .+250C 10 10 nv/\/Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C | 10K 10K V/V
Full 5K 5K V/V
Common-Mode Rejection Ratio (Note 5) Full: 70 70 dB
Unity Gain-Bandwidth (Note 6) +250C 40 40 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 4) Full +10 +11 +10 +11 Vv
Output Current (Note 4) +250C 10 10 mA
Output Resistance +250C 2 2 Ohms
Full Power Bandwidth (Note 3 & 7) +250C 3 4 3 4 MHz
Differential Gain +250C 0.1 0.1 %
Differential Phase +250C 0.2 0.2 Degree
Harmonic Distortion (Note 10) +250C <0.01 <0.01 %
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 4 4 ns
Overshoot +250C 40 40 %
Slew Rate +250C | 200 280 200 280 V/us
Settling Time:
10V Step to 0.1% +250C 90 90 ns
POWER REQUIREMENTS
Supply Current +250C 33 33 mA
Full 40 45 mA
Power Supply Rejection Ratio (Note 9) Full 70 70 dB

2-63

-
<
0
o
<
-

OPAMP,COMP.
CONTROL FUNCT.



HA-2541

Notes:

1. Absolute maximum ratings are limiting values, applied indi- 6. Vo = 90mV

vidually, beyond which the serviceability of the circuit may” 7. Full Power Bandwidth quara
be impaired. Functional operability under any of these condi- g nteed based on slew

tions is not necessarily implied. rate measurement using FPBW = Slﬂ__Ra_te
2. TO-8: 6 = 1000C/W, 6 = 150C/W. 2mVpeak
Recommended heat sink: Thermalloy 2240A 6, = 270C/W 8. Refer to Test Circuits section of data sheet.
Cerdip: 64 = 910C/W, 6c = 350C/W 9. VgyppLy = £5VDC to £15VDC
Recommended heat sink: AAVID #5802 655 = 150C/W 10. Viy = 1VRMS; f = 10KHz; Av = 10
. VO = 10V
2 R = 0 11. Relaxed Offset Voltage “C” version
- RL=1KQ available in 1986.
5. Vom = £10V

Test Circuits
TEST CIRCUIT *

o—'——\
\ ¢ O

2KQ

*CL £ 10pF

' LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE

ViN

SETTLING TIME TEST CIRCUIT

O SETTLING POINT

5K 5K = ¢ Av="1
A AAA ® FEEDBACK AND SUMMING RESISTORS MUST BE
VW v MATCHED (0.1%)
2K ® HP5082-2810 CLIPPING DIODES RECOMMENDED
— WA ® TEKTRONIX P6201 FET PROBE USED AT SETTLING
POINT
2K
O—+——AAA N
ViN + g —O vour




HA-2541

Suggested Offset Voltage Adjustment

-
<
0
o
<
o

*OFFSET ADJUSTMENT RANGE IS APPROXIMATELY £ 8mV FOR Rt = 5KQ2.

OPAMP COMP.
CONTROL FUNCT.

Maximum Power Dissipation Curves

T0-8 METAL CAN 14 PIN DIP PACKAGE
MAXIMUM MAXIMUM
POWER DISSIPATION POWER DISSIPATION
4.0 4.0~
0ja=1000C/W gia=910C/W

3.5 Pic=150C/W 354 fic=350C/W

3.0

HEAT SINK 3.0 HEAT SINK
THERMALLOY#2240A AAVID #5802
. 254 9sa=270C/W 254 6sa=150C/W
@ WITH HEAT SINK @
E 20 5 2.0—] WITH HEAT SINK
= =
1.5 15
1.0 1.0— FREE AIR
FREE AIR
0.5 0.5
0 T— T B EE—| 0 T T T 1
25 50 75 100 125 25 50 75 100 125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)

MAXIMUM POWER DISSIPATION vs. TEMPERATURE
(Tj < 1750€) *

*FOR THE GIVEN DIE SIZE AND THERMAL IMPEDANCE DATA, THESE CURVES
REPRESENT THE MAXIMUM ALLOWABLE POWER DISSIPATION BEFORE A
JUNCTION TEMPERATURE OF 1750C IS EXCEEDED.
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o HARRIS
- PRELIMINARY

HA-2542

Wideband, High Slew Rate, High Output
Current Operational Amplifiers

Features

e Stable at Gains of 2 or Greater

e Gain Bandwidth (AyCL = 2) ...cccvenvninninsnsnniannns 120MHz
¢ High Slew Rate 300V/us
U High Output Current 100mA
* Power Bandwidth 5.5MHz
e Output Voltage Swing 10V

* Monolithic Bipolar Construction

Description

The HA-2542 is a wideband, high slew rate, monolithic
operational amplifier featuring an outstanding combi-
nation of speed, bandwidth, and output drive capability.

Utilizing the advantages of the Harris D. |. technology this
amplifier offers 350V/us slew rate, 120MHz gain band-
width, and £100mA output current. Application of this
device is further enhanced through stable operation down
to closed loop gains of 2.

For additional flexibility, offset null and frequency com-
pensation controls are included in the HA-2542 pinout.

Applications

e Pulse and Video Amplifiers
¢ Wideband Amplifiers

e Coaxial Cable Drivers
e Fast Sample-Hold Circuits

e High Frequency Signal
Conditioning Circuits

The capabilities of the HA-2542 are ideally suited for high
speed coaxial cable driver circuits with gain. With 5.5MHz
full power bandwidth, this amplifier is most suitable for
high frequency signal conditioning circuits and pulse/
video amplifiers. Other applications utilizing the HA-2542
advantages include wideband amplifiers and fast sample-
hold circuits.

Packaged in a 12 pin (T0-8) can, the HA-2542 is pin com-
patible with the HA-2540, HA-2541, HA-5190, LH0032,
and H0S-050C.

Pinout
TOP VIEWS
10 114
20 113 BALANCE
BALANCE 3] 112 COMPENSATION

IN- 40 111 v+
IN+ 5] (110 oUTPUT

v-60 19

10 18

Schematic
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Specifications HA-2542

Absolute Maximum Ratings (Note 1)

Voltage between V+ and V- Terminals.................... 35V
Differential Input Voltage..........ccooevvininninciicncnn, 6V
Output Current................ ..... 125mA (Peak)
107mAgpg (Continuous)
Internal Power Dissipation (Note 2) TO-8........... 1.5W

[D]] T 1.6W

Operating Temperature Range:

HA-2542-2 ......cocooiiiiii, -550C = T < +1250C
HA-2542-5 00C =T, =+750C
Storage Temperature Range.....-650C < T, < +1500C
Maximum Junction Temperature ...................... +1750C

Electrical Characteristics  Vgypp vy = 215 Volts; R, = 1K ohms, unless otherwise specified.

HA-2542-2 HA-2542-5
-550C to +1250C 00C to +750C
PARAMETER TEMP l MIN | TYP | MAX [ MIN [ TYP I MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 10 10 mV
Full 20 20 mV
Average Offset Voltage Drift Full 20 20 uV/0C
Bias Current +250C 35 35 UA
Full 50 50 MA
Offset Current +250C 1 7 1 7 UA
Full 9 9 UA
Input Resistance- +250C 100 100 Kohms
Input Capacitance +250C 1 1 pF
Common Mode Range Full +10 +10 \"
Input Noise Voltage (f = 1kHz, Rg = 0) | +250C 10 10 nV/VHz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C | 10K 10K V/V
Full 5K 5K V/V
Common-Mode Rejection Ratio (Note 4) Full 70 70 dB
Gain-Bandwidth-Product (Note 5) +250C 120 120 ‘MHz
OUTPUT CHARACTERISTICS :
Output Voltage Swing (Note 3) Full +10 +11 +10 11 Vv
Output Current (Note 6) +250C | 100 100 mA
Output Resistance +250C 5 5 Ohms
Full Power Bandwidth (Note 3 & 7) +250C 4.7 » 47 MHz
Differential Gain +250C A A %
Differential Phase +250C 2 2 degree
Harmonic Distortion (Note 10) +250C <0.04 <0.04 %
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 4 4 ns
Overshoot +250C 40 40 %
Slew Rate +250C | 300 375 300 375 V/us
Settling Time:
10V Step to 0.1% +250C 100 100 ns
POWER REQUIREMENTS ”
Supply Current +250C 31 31 mA
Full 35 40 | mA
Power Supply Rejection Ratio (Note 9) Full 70 70 dB
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HA-2542

Notes:
1. Absolute maximum ratings are limiting values, ap- 5 AycL=2
plied individually, beyond which the serviceability B B
of the circuit may be impaired. Functional operabil- 6. R =500, Vg = £5V
ity under any of these conditions is not necessarily 7. Full Power Bandwidth guaranteed based on slew
implied. ) Slew Rate
rate measurement using FPBW = ————
2. T0-8: 65 = 1000C/W, 6jc = 150C/W. Recommended 2mVpeak
heat sink: Thermalloy 2240A 6g5 = 279C/W - .
; . t f data sheet.
Dip: 65 = 919C/W, 6 = 350C/W. Recommended 8. Refer to Test Circuits section of data shee
heat sink: AAVID #5802 65 = 150C/W 9. VguppLy = £5VDC to £15VDC
3. R, = 1K), Vo = £10V 10. V|y = 1VRMS: f = 10KHz; Ay = 10
4. Vgm = 210V

Test Circuits

LARGE AND SMALL SIGNAL RESPONSE

TEST CIRCUIT

—]3

50092

*CL<10pF

500Q

LARGE SIGNAL RESPONSE

P

“TIME DELAY
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HA-2542

N
- . - v
Test Circuits (continued) g
SETTLING TIME TEST CIRCUIT <'
-
o
SETTLING POINT
= o Ay =-2
25K : 5K . .
) AAA L AM— ® Feedback and summing resistors must be
; matched (.1%)
K * HP5082-2810 clipping diodes recommended
M o Tektronix P6201 FET probe used at ol
500 settling point g %
b v
ViN p—0 = 8
Vout g e
=¥
=}
SUGGESTED OFFSET VOLTAGE ADJUSTMENT
O
+V
Offset adjustment range is approximately
15mV FOR RT 5K
** Suggested compensation scheme 10-20pf.
MAXIMUM POWER DISSIPATION CURVES
MAXIMUM POWER DISSIPATION VS. TEMPERATURE
TO-8 METAL CAN 14 PIN DIP PACKAGE
MAXIMUM ’ MAXIMUM
POWER DISSIPATION ‘ POWER DISSIPATION
4.0~ ) 4.0
v 6ja=1000C/W gja=910CW
3.5+ fic=150C/W 3.5 fic=350C/W
3.0+ HEAT SINK' 3.0 HEAT SINK
5 THERIg]ALzLﬁE%ZZMA 25 AAVID #5802
— -9 sa= 5 =150
2 WITH HEAT SINK @ fram150CW
£ z.uﬂ S 2.0 WITH HEAT SINK
= =
1.5 = 154
1.0 + .0— FREE AIR
FREE AR 10
0.5 0.5
0 T T T 1 0 T T T 1
25 50 75 100 125 25 50 75 100 125
AMBIENT TEMPERATURE (oC) ’ AMBIENT TEMPERATURE (C)
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HA-2542

Typical Applications

NONINVERTING CIRCUIT (Aycy = 100)

N + ouT
8900
100

NONINVERTING CIRCUIT (AycL=2)

AycL = 100 - PHASE AND GAIN

IN o——+ +
ouTt
50()
50Q

VIDEO CABLE DRIVER

out

VIDEO CABLE DRIVER PULSE RESPONSE
(1V/DIV.; 100ns/DIV.)
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& HARRIS
ADVANCED

HA-2544

Video Operational Amplifier

Features

¢ Unity Gain Bandwidth 33MHz
* High Slew Rate 150V/us
e Low Supply Current 10mA
¢ Differential Gain Error <0.1dB
e Differential Phase Error <0.1°
e Gain Tolerance at 5SMHz 0.2dB

Description

The HA-2544 is a dielectrically isolated, monolithic opera-
tional amplifier designed and constructed in the Harris
High Frequency Process. It is another addition to the
Harris series of high speed, wideband op-amps and offers
true video performance combined with the versatility of
an op-amp.

The HA-2544 features 33MHz unity gain bandwidth and
150V/us slew rate while offering video performance of
<0.1dB differential gain error, <0.10 differential phase
error, and gain tolerance of just 0.2dB at 5MHz. High
performance and low power requirements are met with a
supply current of only 10mA.

Uses of the HA-2544 range from video and video test
equipment to radar displays and other precise imaging

Applications

¢ Video Systems

e Video Test Equipment

e Radar Displays

® Imaging Systems

® Pulse Amplifiers

e Signal Conditioning Circuits
¢ Data Acquisition Systems

systems where stringent gain and phase requirements
have previously been met with costly hybrids and discrete
circuitry. The HA-2544 can also be used as a standard
wideband, high speed, and fast settling op-amp in circuits
such as pulse amplifiers and high speed data acquisition
systems.

The HA-2544 is guaranteed over the military temperature
range (-550C to +1250C) in either the -2 or -8 versions, and
over the commercial temperaturerange (0°C to+759C) as
a -5 version. The HA-2544 is available in TO-99 metal can,
20 pin LCC, and both epoxy and ceramic Mini-DIP
packages.

Pinouts
TOP VIEWS

COMPENSATION
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v
t uz j...
vt 2] N
aez3|  OP7
"8 &1
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w e »
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v
e anso
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anst ans3
w3 0rs3
o awz
o anpuT -npuT | P p—
o 28 a2 -
awu
) ars2 arse
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o SR W oa
ants
m a1z
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o HARRIS

HA-2600/02/05

Wideband, High Impedance
Operational Amplifiers

FEATURES DESCRIPTION
e WIDE BANDWIDTH 12MHz HA-2600/2602/2605 are intebrnally compensated bipolar opera-
tional amplifiers that feature very high input impedance (500
¢ HIGH INPUT IMPEDANCE ROOREE M, HA-2600) coupled with wideband AC performance. The
e | OWINPUT BIAS CURRENT 1A high resistance of the input stage is complemented by low offset
LOW INP FF RREN voltage (0.5mV, HA-2600) and low bias and offsgt current
o Low UT OFFSET CURRENT 1A (1nA, HA-2600) to facilitate accurate signal processing. Input
e LOWINPUT OFFSET VOLTAGE 0.5mV offset can be reduced further by means of an external nulling
o HIGH GAIN 150K V/V potentiometer. 12MHz unity gain-bandwidth product, 7V/u s
slew rate and 150,000V/V open-loop gain enables HA-2600/
¢ HIGH SLEW RATE Vius 2602/2605 to perform high-gain amplification of fast, wideband
e OUTPUT SHORT CIRCUIT PROTECTION signals.  These dynamic characterisitics, coupled with fast
settling times, make these amplifiers ideally suited to pulse
amplification designs as well as high frequency (e.g. video)
APPLICATIONS applications. The frequency response of the amplifier can be
tailored to exact design requirements by means of an external
bandwidth control capacitor.
e VIDEO AMPLIFIER . . o X .
In addition to its application in pulse and video amplifier de-
e PULSE AMPLIFIER signs, HA-2600/2602/2605 is particularly suited to other high
e AUDIO AMPLIFIERS AND FILTERS performance designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed
® HIGH-Q ACTIVE FILTERS comparators.
o HIGH-SPEED COMPARATORS The HA-2600 and HA-2602 have guaranteed operation from
e LOWDISTORTION OSCILLATORS -550C to +1250C and are available in metal can and ceramic
) mini DIP packages. Both are offered as a military grade part.
The HA-2605 has guaranteed operation from 00C to +750C
and is available in plastic and ceramic mini DIP and metal can
packages.
PINOUTS SCHEMATIC
COMPENSATION
COMPENSATION
BALANCE (7Y v+ oA ;’}'L .A.'.‘g__{:“é“ E:K Y &L
[3-4 Q2' 040 Q38 l
IN- (6) out -2 (&
os S Q30 Q3 Q36 Q3s
IN+ BALANCE NPT o7 029y 4028 | >
a1y 09![
m a3y 5?‘ a5 b
Case Connected to V- v- TOP VIEWS 34 G| ey S
— — I on!F o r
BALANCE ‘j 1 8 ] COMPENSATION w — m‘fm
S i e e S N | 5
IN-[Z 7:|V+ :«‘1 [__,..._4 T N l:,ik oso)
az. AN?( R10 -‘-u R12§R133R14 R1 =2 R1€
IN+ [ 3 ] ] out s s 1113 ok rafask 50 i%,
v- (|4 5 ] BALANCE
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V* and V™ Terminals 45,0V Operating Temperature Ranges:

Differential Input Voltage X120V HA-2600/HA-2602 -550C <Tp <+1250C
Peak Output Current Full Short Circuit Protection HA-2605 00C <Tp <+750C
Internal Power Dissipation 300mW Storage Temperature Range: -650C <Tp <+1500C

ELECTRICAL CHARACTERISTICS  v+=+15VD.C., V-=-15V D.C.

HA-2600 HA-2602 HA-2605
-550C to +1250C -550C to +1250C 00C to +750C
PARAMETER TEMP MIN | TYP [ MAX MIN | TYP | MAX MIN | TYP | MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 05 4 3 5 3 5 mV
Full 2 6 7 7 mV
Offset Voltage Average Drift Full 5 uv/oc
Bias Current +250C 1 10 15 25 5 25 nA
Full 10 30 60 40 nA
Offset Current +250C 1 10 5 25 5 25 nA
Full 5 30 60 40 nA
Input Resistance (Note 10) +250C 100 500 40 300 40 300 MQ
Common Mode Range Full +11.0 *11.0 £11.0 \'
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 1, 4) +250C 100K | 150K 80K [ 150K 80K | 150K VIV
Full 70K 60K 70K A%
Common Mode Rejection Ratio Full 80 100 74 100 74 100 dB
(Note 2)
Unity Gain Bandwidth Product (Note 3)| +250C 12 12 12 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10.0(£120 £10.0|%120 +10.0| £12.0 v
Output Current (Note 4) +250C 15 | £22 10 | £18 10| 18 mA
Full Power Bandwidth (Notes 4, 11) +250C 50 75 50 75 50 75 kHz
TRANSIENT RESPONSE
Rise Time (Notes 1, 5,6 & 7) +250C 30 60 30 60 30 60 ns
Overshoot (Notes 1, 5,6 & 7) +250C 25 40 25 40 25 40 %
Slew Rate (Notes 1, 5,7 & 12) +250C *4 *7 by} £7 *4 7 V/us
Settling Time (Notes 1,5, 7 &12) +250C 1.5 15 1.5 us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 3.0 3.7 3.0 4.0 3.0 40 mA
Power Supply Rejection Ratio (Note 9) Full 80 90 74 90 74 90 dB
NOTES: 1. R =2KQ2 7. Vo =2%200mV 10. This parameter value guaranteed
2. Vem = t1iov 8. See Transient Response Test by design calculations.
3. Vo < 90mV Circuits & Waveforms Page 2-57. 11. Full power bandwidth guaranteed
4. Vvo=%10v 9. AvVS=%5vV by slew rate measurement:
5. CL = 100pF FPBW = S. R./2 T Vpeak.
6. Vo =%200mV 12. Voyt=2%5v
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TYPICAL APPLICATIONS

PHOTO-CURRENT TO VOLTAGE CONVERTER

SpF

—O v -Ruprig

FEATURES.
1. CONSTANT CELL VOLTAGE
2. MINIMUM BIAS CURRENT ERROR

REFERENCE VOLTAGE AMPLIFIER

AAA

p—O Vo= (1+ B2 vger
~ 50pF"*

b

FEATURES.
1 MINIMUM BIAS CURRENT IN REFERENCE CELL
2. SHORT CIRCUIT PROTECTION

E SOpF D AN B

SAMPLE — AND — HOLD

+5V +15V
INO——] o0— N
c HA 2600 p——O ourt
O—A— -
MULTIPLEXER
p 500F " TN
DIGITAL CONTROL ]

I !FC10000F
ORIFTRATE B DRIFT 01V msMAX

VOLTAGE FOLLOWER

+15v

1000 GAIN 09999 SLEW RATE = 4V/ jis MIN
Z,,=-10'2 MIN B.W. = 12MHz TYP.
Zoy * 01 MAX OUTPUT SWING = & 10V MIN. TO 50kHz

*A small load capacitance is recommended in all applications where
practical to prevent possible high frequency oscillations resulting
from external wiring parasitics. Capacitance up to 100pF has
negligible effect on the bandwidth or slew rate.
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PERFORMANCE CURVES

V+=15V D. C., TA = 250C unless otherwise stated.

! - v
0 " EQUIVALENT INPUT NOISE VS. v - T v
BANDWIDTH ™ R S
10 - g% LR P
o / Zw &y, a°
<’ R o Phase ~N] w
3 = 2 w0 o 2
= = = o<
20 5 3 S~ o
g _ELSQ-__.——__— ~ & Z 100‘-’;5
© = S \ a
Z S » 140°
3 s ] I~
10 _?*/ 3 / S 9 180°
-15 1 -2
50 B 0 5 50+ +l00+1% 00Hz  1kHz 10kHz  100kHz MMz 10MHz  10Hz 100Hz lkHz 10kHz 100kHz IMHz 10MHz 100MHz
0
TEMPERATURE °C UPPER 3B FREQUENCY OPEN LOOP FREQUENCY AND PHASE RES PONSE
INPUT BIAS CURRENT AND OFFSET CURRENT LOWER 3B FREQUENCY - 10Hz
AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS
120 R —
v I (ALY
lov g 10 0pF rrs c T
1000 » +20V SUPPLY = \ } 4 A
g N A 10pF
™~ > |_x15v 3 \( 30pF
T =2
0 \ g w E ~
H o0 = slv— N A .
H
2 w + 5V a 100pF
= 00 2 ) g 2 300pF / |
4 3o = 1000pF ]
g
20 \ é o 1 N
& o i
T 2% 2 |
0 0.0V, 104z 100Hz 1kHz  10kHz 100kHz  IMHz 10MHz
55 35 15 <5 25 45 <65 8 105 125 10kHz T00kHz MRz ToMHz 100MHz FREQUENCY H2
0, H;
TEMPERATURE "C FREQUENCY Hz OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS VALUES OF
INPUT IMPEDANCE VS. TEMPERATURE, 100Hz OUTPUT VOLTAGE SWING VS. FREQUENCY CAPACITORS FROM COMPENSATION PIN TO GROUND
Note: External Compensation Components are not Required
for Stability, But May be Added to Reduce Bandwidth if Desired.
If External Compensation is Used, Also Connect 100pF Capacitor
From Output to Ground
2 I ‘ 120 120 T
-55°C <+ 125°C + 20V
> - 220V suppLy 2 1 i
s ° N
_— e
] —— 1 | 215V suppry — E
= — —t— z N
z ] I B e TR g . 5
&0 z —1 T — 2w =
g = I T———23V suppry . & RSN
3 [t § il ~
g 2 a LY
5 B
5] H
] t
i
80
5 10 15 2 53 5 5 > s & & 105 ?ﬂom 1kHz 10kHz 100kHz TMHz
SUPPLY VOLTAGE - VOLTS TEMPERATURE °C FREQUENCY - Hz
COMMON MODE VOLTAGE RANGE OPEN-LOOP VOLTAGE GAIN VS. TEMPERATURE COMHON HODE REJECTION RATIO
AS A FUNCTION OF SUPPLY VOLTAGE Vs. FREQUENCY.
v . RESPONSE
INPUT INPUT
0— IN +
OVERSHOOT _ _ ——oout
T P X9 A 100pF
1
—»{ =—RISE TIME
1

NOTE: MEASURED ON BOTH POSITIVE
AND NEGATIVE TRANSITIONS.

SETTLING TIME
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HA-2620/22/25

Very Wideband,
Uncompensated Operational Amplifiers

o HARRIS

FEATURES

e GAIN BANDWIDTH PRODUCT(Ay = 5) 100MHz
e HIGH INPUT IMPEDANCE 500M$2
e LOWINPUT BIAS CURRENT 1nA
® LOWINPUT OFFSET CURRENT 1nA
® LOWINPUT OFFSET VOLTAGE 0.5mV
® HIGH GAIN 150K V/V
e HIGH SLEW RATE 35V/us

e OUTPUT SHORT CIRCUIT PROTECTION

DESCRIPTION

HA-2620/2622/2625 are bipolar operational amplifiers that
feature very high input impedance (500M$2, HA-2620) coupled
with wideband AC performance. The high resistance of the
input stage is complemented by low offset voltage (0.5mV,
HA-2620) and low bias and offset current (1nA, HA-2620) to
facilitate accurate signal processing. Input offset can be reduced
further by means of an external nulling potentiometer. 100MHz
gain-bandwidth product (HA-2620/2622/2625 are stable for
closed loop gains greater than 5), 35V/ us slew rate and
150,000V/V open-loop gain enables HA-2620/2622/2625 to
perform high-gain amplification of very fast, wideband signals.
These dynamic characterisitcs, coupled with fast settling times,
make these amplifiers ideally suited to pulse amplification
designs as well as high frequency (e.g. video) applications. The

APPLICATIONS

VIDEO AND R.F. AMPLIFIERS
PULSE AMPLIFIER

AUDIO AMPLIFIERS AND FILTERS
HIGH-Q ACTIVE FILTERS
HIGH-SPEED COMPARATORS
LOW DISTORTION OSCILLATORS

® o 00 0 oo

frequency response of the amplifier can be tailored to exact
design requirements by means of an external bandwidth control
capacitor.

In addition to its application in pulse and video amplifier de-
signs HA-2620/2622/2625 is particularly suited to other high
performance. designs such as high-gain low distortion audio
amplifiers, high-Q and wideband active filters and high-speed
comparators.

The HA-2620 and HA-2622 have guaranteed operation from
- 550C to + 1250C and are available in metal can and ceramic
mini DIP packages. Both are offered as a military grade
part with the HA-2620 also available in LCC packages. The
HA-2625 has guaranteed operation from 00C to +750C and is
available in plastic and ceramic mini DIP and metal can packages.

PINOUTS
TOP VIEWS
’“:E [14] comPENSATION BALANCE . 1 8| l COMP
nez] EBLH w-[]2 10 v
saLANcE[3] 2] nc ws s 6[] our
INVERTING INPUT [] 1) ve v-[Je 5[] satance
NON-INVERTING vPUT (5} fig] outeut
v-[E] [5] saLANCE
nef7] [8]ne

COMPENSATION

SCHEMATIC

COMPENSATION

R1 R2 R3 R4

BAL
AL 4.18K 1.56K 11.56K BAL
Ly

F aze
N ) S— )
Ve
uy r' o7 X
o5 a6 b
aso >0 236 47035
INPUT Q7' 228 Q32 Q33 o3
o8 a1 aeyz ’ HH
o1 oz | oz 3 20“
s Q12| a1z 5 Z a2 1 1
s =<
arg} an) a7y ' <
A7 0463 F
135 i
el 32 4.0k
25K
Q R ot om 4t o
* ¥ o
RS [3)
oz a5k §R10 c1 {rizfpistnie  JR15 a1
20K 160r 1.6k 16KF28K 900 0"
NpuT
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SPECIFICATIONS

n
ABSOLUTE MAXIMUM RATINGS g
Voltage Between V* and V— Terminals 45.0V Q
Differential Input Voltage +12.0V 8
Peak Qutput Current Full Short Circuit Protection [{e]
Internal Power Dissipation 300mW f.’}l
Storage Temperature Range —650C < Tp < +1500C %
ELECTRICAL CHARACTERISTICS v+=+15VDC, V-=-15VDC
HA-2620 HA-2622 HA-2625
—550C t0 +125°C | —550C to +125°C|  0°C to +75°C
PARAMETER TEMPERATURE | MIN.| TYP.|MAX{MIN.|TYP. |MAXIMIN. |TYP. IMAX.JUNITS
INPUT CHARACTERISTICS '_.
+250C 05 | 4 3 5 3 5 mV e o
Offset Voltage (Note 1) Eull 6 7 7 mv g 5
0 ‘ £3
. +250C 1 15 25 5 25 nA &
Bias Current Full 10 | 3 60 40 | nA ==
°8
+250C 1 15 5 |25 5 25 nA
Offset Current Full 5 | 35 60 a0 | oA
Input Resistance (Note.11) +250C 65 | 500 40 | 300 40 |300 MQ
Common Mode Range Full +11.0 +11.0 +11.0 Vv
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C 100K { 150K 80K | 150K 80K [150K VIV
(Notes 2 & 3) Full 70K 60K 70K VIV
Common Mode Rejection Ratio
(Note 4) Full 80 | 100 74 | 100 74 1100 dB
Gain Bandwidth Product 0
(Notes 2, 5, &6) +259C 100 100 100 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2) Full +10.0{+12.0 +10.0/+12.0 +10.0 [+12.0 '
Output Current (Note 3) +250C +15 | +22 +10 | +18 +10 | +18 mA
Full Power Bandwidth o
(Notes 2, 3, 7 &12) +250C 400 | 600 320 | 600 320 600 kHz
TRANSIENT RESPONSE
Rise Time (Notes 2,7 & 8) +2560C 17 | 45 17 | 45 17 | 45 ns
Slew Rate (Notes 2,7,8 & 10) +250C +25 | +35 +20| 435 +20| +35 V/us
POWER SUPPLY
CHARACTERISTICS
Supply Current +250C 3.0 | 37 30| 4.0 30 |40 | mA
Power Supply Rejection Ratio
(Note 9) Full 80 | 90 74 | 90 74 | 90 dB
NOTES: 1. Offset may be externally adjusted to zero. 8. Ay =5 (The HA-2620 family is not stable
2. R =2K{, Ci =50pF at unity gain without external compensation.)
3. Vg = +10.0V 9. AVgyp =15V
4. Vom = 10V 10. VouT = £5V
5. Vo <90mV 11. This parameter value based upon
6. 40dB Gain design calculations.
7. See transient response test circuits and 12. Full power bandwidth guaranteed
waveforms based upon slew rate measurement
FPBW = S.R./2TVpeak,
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TYPICAL PERFORMANCE CURVES

V+=+15V D.C., V-=-15V D. C., TA = 250C unless otherwise stated.

15 100 - v 120
EQUIVALENT INPUT NOISE VS.
BANDWIDTH
10 - o 100 ®
=
o = 04,* 20°
<5 ) 3 \\ o
c =3 Iy 0 2
= = = N H
2 Morese ,___—/———F/— = 2 3 ~l 0
€ L= E > PHASE 100 £
S 1 8 \\ o
2 / =z N 140
i S s / £
10H-3 : / S 0 180°
15 Bl -2
-50 -5 0 +25 fOSD 75 +100+125 100Hz  1kHz 10kHz 100kHz 1MHz 10MHz ~ 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz
TEMPERATURE “C UPPER 3d8 FREQUENCY OPEN LOOP FREQUENCY AND PHASE RESPONSE
INPUT BIAS CURRENT AND OFFSET CURRENT- LOWER 3d8 FREQUENCY - 10Hz
AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS 12 . .
—[ Vg = #15v
0
o 100 o 1 T, =+
v ) B <L i
o [ g NN % nrl
: et
1000 @ F2V suppLY | € 60 >% ~>/ S
\\ = £15v 3 i 115p! \\
800 +1
2 2w % ® ol \ \
Y \ : Nl RN\
2 w +1ov a
= \ 2 - \ © 0 \
=
a0 o N 2
0 < \ 10Hz 100Hz lkHz  10kHz  I0OKHZ 1MWz 10MHz
& 1= 5% FREQUENCY Hz
o 0.0l OPEN-LOOP FREQUENCY RESPONSE FOR VARIOUS VALUES OF
=55 <35 -15 +5 +25 +45 +65 +85 +105 +125 U 10kHz 100kHz IMHz 10MHz 100MHz CAPACITORS FROM COMPENSATION PIN TO GROUND

TEMPERATURE °C
INPUT IMPEDANCE VS. TEMPERATURE, 100Hz

FREQUENCY Hz
OUTPUT VOLTAGE SWING VS. FREQUENCY

Note: External Compensation is Required For
Closed Loop Gain <5 . If External Compen-
sation is Used, Also Connect 100 pF Capacitor
From Output to Ground. -

20 [ 120 T
. -55°C <+ 125°C 20V SUPPLJ
T —]
& (S R \L\
z - 3 \\\gﬁi‘r‘ﬁﬁ‘\
. = \\\\ = PPLY -
= 3 ———=3V sup, B
% 5
5 10 15 20 R R T
SUPPLY VOLTAGE - VOLTS TEMPERATURE °C
COMMON MODE VOLTAGE RANGE OPEN-LOOP VOLTAGE GAIN VS.TEMPERATURE
AS A FUNCTION OF SUPPLY VOLTAGE
TRANSIENT RESPONSE s SLEW RATE AND SUGGESTED VOS ADJUSTMENT
LEW RATE TRANSIENT RESPONSE AND COMPENSATION HOOK-UP

~—RISE TIME

NOTE: MEASURED ON BOTH POSITIVE
AND NEGATIVE TRANSISTIONS.

+V

out
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TYPICAL APPLICATIONS DEFINITIONS

HIGH IMPEDANCE COMPARATOR .
INPUT OFFSET VOLTAGE—That voltage which

must be applied between the input terminals
through two equal resistances to force the output
+15.0V voltage to zero.

22k Q INPUT OFFSET CURRENT—The difference in the
ViN + currents into the two input terminals when the
output is at zero voltage.

HA-2620/22/25

HAZG20 > b O Vour
X Y INPUT BIAS CURRENT—The average of the cur-

p V. o rents flowing into the input terminals when the

¢ SF? output is at zero voltage. .
e N916 ¥ ingie
Ve * K INPUT COMMON MODE VOLTAGE—The average

= referred to ground of the voltages at the two input
terminals.

COMMON MODE RANGE-The range of voltages
which is exceeded at either input terminal will
cause the amplifier to cease operating.

COMMON MODE REJECTION RATIO—The ratio
FUNCTION GENERATOR of a specified range of input common mode voltage
to the peak-to-peak change in input offset voltage
over this range.

a b
2=
3z
o
=g
<
a =z
(==
o

OUTPUT VOLTAGE SWING—The peak symmetri-
cal output voltage swing, referred to ground, that
can be obtained without clipping.

INPUT RESISTANCE—The ratio of the change in
input voltage to the change in input current.

S0oF OUTPUT RESISTANCE—The ratio of the change
in output voltage to the change in output current.
VOLTAGE GAIN—The ratio of the change in out-
. gmur o) put voltage to the change in input voltage pro-
By ’ “ ouTPUT ducing it.
OUTPUT

UNITY GAIN BANDWIDTH-The frequency at
which the voltage gain of the amplifier is unity.

POWER SUPPLY REJECTION RATIO-The ratio
of the change in input offset voltage to the change
in power supply voltage producing it.

TRANSIENT RESPONSE-The closed loop step
function response of the amplifier under small

VIDEO AMPLIFIER signal conditions.

GAIN BANDWIDTH PRODUCT—The product of
the gain and the bandwidth at a given gain.

SLEW RATE (Rate Limiting)—The rate at which
the output will move between full scale stops,
VWA VA measured in terms of volts per unit time. This limit
_L nQ 2.2kQ to an ideal step function response is due to the
= non-linear behavior in an amplifier due to its
limited ability to produce large, rapid changes in
output voltage (slewing)...restricting it to rates of
change of voltage lower than might be predicted
by observing the small signal frequency response.

SR
S % -

—AAA

b——————0O Vour
Vin
- *A small load capacitance of at least 30pF

lincluding stray capacitance) is recommended
1o prevent possible high frequency oscillations

BW = 1 MH2z
GAIN = 40dB
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D Harrs HA-2630/35

Not Recommended
For New Designs

High Performance Current Booster

FEATURES See HA-5002 DESCRIPTION
e QUTPUT CURRENT $400mA
e SLEW RATE 500V/us
e BANDWIDTH 8MHz HA-2630 and HA-2635 are monolithic, unity voltage gain
current amplifiers delivering extremely high slew rate, wide
e FULL POWER BANDWIDTH 8MHz bandwidth, and full power bandwidth even under heavy output
e INPUT RESISTANCE 2.0x 106 loading conditions. This dielectrically isolated current booster
e OUTPUT RESISTANCE 20Q also 0ffer§ high n:lput impedance and.low f)Utpl.lt resistance.
These devices are intended to be used in series with an opera-
e POWER SUPPLY RANGE 15V to £20v tional amplifier and inside the feedback loop whenever addi-
e PACKAGE IS ELECTRICALLY ISOLATED tional output current is required. Output current levels are
programmable by selecting two optional external resistors.
APPLICATIONS These current amplifiers offer an exceptional 500V/ i s slew
rate and 8MHz bandwidth which allows them to be used with
many high performance op amps in precision data recording
and high speed coaxial cable driver designs. 2.0M ohm input
e COAXIAL CABLE DRIVERS resistance and 2 ohm output resistance coupled with t400mA
output current make HA-2630 and HA~2635 ideal components
e AUDIO OUTPUT AMPLIFIERS in high fidelity audio output amplifier designs.
e SERVO MOTOR DRIVERS HA-2630 and HA-2635 are available in an electrically isolated
TO-8 type can for ease of mounting with or without a heat
e POWER SUPPLIES (BIPOLAR) sink. HA-2630 is specified over the -550C to +1250C range.

HA-2635 is specified from 00C to +750C.
e PRECISION DATA RECORDING

PINOUT SCHEMATIC

TOP VIEW

* Optional Current
Limiting Resistor

-umT
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V- Terminals 40V Operating Temperature Range:

Input Voltage Range +V Supply '552(: 2<- TAE +123°C (HA-2630)
Output Current (Note 2) +700mA 00C < TAS +75°C  (HA-2635)
Internal Power Dissipation (Note 6) Free Air:  1W Storage Temperature Range:

nternal Power Dissipation ( lleea:esmll:; W -650C < Tp < +1500C

ELECTRICAL CHARACTERISTICS
VSupply = £15 Volts R =50 Ohms R1=R2=00hms Unless otherwise specified.
HA-2630 HA-2635
-550C to +1250C 09C to +75°C
PARAMETER TEMP, MIN. TYP. MAX. MIN. TYP. MAX. | UNITS

INPUT CHARACTERISTICS

Bias Current +250C 30 150 30 150 LA

Full 200 200 | pA

Input Resistance +250C 2.0 2.0 MQ
Input Capacitance +250C 5.0 5.0 pF
TRANSFER CHARACTERISTICS

Voltage Gain (Note 1) Full .85 .95 .85 .95 VIV
Offset Voltage (VouT - VIN) +250C 70 +200 70 +200 mV

Full +300 +300 mV

Bandwidth (-3dB) +250C 8.0 8.0 MHz
QUTPUT CHARACTERISTICS

Output Voltage Swing Full +10 *12 +10 112 Vv
Output Current (Note 1) Full +300 | +400 +300 | +400 mA
Output Resistance +250C 2.0 2.0 Q
Full Power Bandwidth (Note 1) +250C 8.0 8.0 MHz
TRANSIENT RESPONSE

Rise Time (Note 3) +250C 30 30 ns
Slew Rate (Note 4) +259C 200 500 200 500 Vius
POWER SUPPLY CHARACTERISTICS

Supply Current Full 15 20 15 23 mA
Supply Voltage Range Full +5 +20 15 +20 Vv
Power Supply Rejection Ratio (Note 5) Full 66 66 dB

NOTES: Vo = +10V

Vo = 0.4V p-p.
. Vo =10V p-p.

pW N =

. Heat sink is required for continuous short circuit
protection, regardless of current limit setting.

5. AvsyppLy = *5V.

6. Without heat sink, derate by 14mW/°C ambient
temperature above 100°C ambient, with heat
sink, derate by 67mW/°C case temperature above
115°C case.
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PERFORMANCE CURVES

V+=15VDC, V- = 15VDC, Tp = 259C UNLESS OTHERWISE STATED

OUTPUT SWING

OPEN LOOP FREQUENCY AND

Phase Angle, (Degrees)

(RyimiT = 00) PHASE RESPONSE (R| = 5052, C| ~10pf)
175
15 N "
7 I
% 90
F Ry = 3000 // = PHASE N
= E 135
® /% 500 5 \
H Z 2 0 180
3 s %Z A &0 = 225
/ EAIN\\
Tz
0 -30 315
5 10 15 20 100K ™ 10M 100M
Supply Voltage (¢ Volts) Frequency, Hz
NORMALIZED AC PARAMETERS vs. NORMALIZED AC PARAMETERS vs.
TEMPERATURE(RL=5DQ) SUPPLY VOLTAGE (RL=50Q’
12
s 1 o
& Su
S °
2 s -3db BANDWIDTH
: 3 )
2 10 &
H T T =
P 3 —
E A siew rate “3db aANowum :%
- § ALEW RATE
|
-50 -25 0 +25 +50 +75 +100  +125 74 6 Jx\; 10 12 1“ 16 18 20
Temperature, (°C) Supply Voltage, (Voits)
OUTPUT CURRENT LIMITING vs.
LIMITING RESISTANCE
OUTPUT CURRENT CHARACTERISTIC
= R1=200) !
= 750 |=m':lJr7
f. +H LIMIT (Rq) Riopoe
H 50
3 .
Euo E 25§
3 2 2254
H 2 250 200 -150 100 -50 / /“ 125
H UM s 50 100 150 0 250
3 N 1 T (Ry) ; / l .
NJTH H nz='z.5sy / \ '
ha, R s.uﬂ/ ‘ .
! R2=100 nz=.20@
T T 1001
10 100 Output Load Current, (mA)
Limiting Resistance, ( Q)
POWER DISSIPATION vs. LIMITING RESISTANCE MAXIMUM ALLOWABLE INTERNAL
WITH OUTPUT SHORTED TO GROUND; Vjy =+10V POWER DISSIPATION vs. TEMPERATURE
. CASE TEMPERATURE
3 N
3 T
—=
s T H
i <, N
MBIENT TEMPERATUR!
(NO HEAT SINK)
\j
0
0 2 4 6 8 10 12 14 16 18 20 90 100 110 120 130 140

Limiting Resistance, { 2)

Temperature °C
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TYPICAL APPLICATION

20dB, 5MHz VIDEO COAXIAL LINE DRIVER

3pF :F

HA-2530 HA-2630

- NOTE: R1 and R2 lead length should be minimal.

5082 COAX

LINE DRIVER PULSE RESPONSE

+ Y
T

4
INETR VRO PN
AR AR RAREERAREES SARES LENA S

Horizontal Scale = 200ns/Div.
Upper Trace:  Input, 200mV/Div.
Lower Trace:  Qutput, 2V/Div.

SOME OTHER APPLICATIONS

©® BIPOLAR POWER SUPPLY

® FUNCTION GENERATOR OUTPUT
® DEFLECTION COIL DRIVE

® AUDIO OUTPUT AMPLIFIER
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B HarRIs HA-2640/45

High Voltage
Operational Amplifier

FEATURES DESCRIPTION
e QUTPUT VOLTAGE SWING 135V HA-2640 and HA-2645 are monolithic operational amplifiers
. . which are designed to deliver unprecedented dynamic specifica-
® SUPPLY VOLTAGE £10V 70 F40v tions for a high voltage internally compensated device. These
e OFFSET CURRENT 5nA dielectrically isolated devices offer very low values for offset
voltage and offset current coupled with large output voltage
e BANDWIDTH 4MHz swing and common mode input voltage.
® SLEWRATE 5V/us For maximum reliability, these amplifiers offer unconditional
e COMMON MODE INPUT VOLTAGE SWING 135V output overload protection through current limiting and a chip
temperature sensing circuit.  This sensing device turns the
e OUTPUT OVERLOAD PROTECTION amplifier “off”, when the chip reaches a certain temperature
level.
APPLICATIONS These amplifers deliver £35V common mode input voltage

swing, £35V output voltage swing, and up to 40V supply range
for use in such designs as regulators, power supplies, and indus-
trial control systems. 4MHz gain bandwidth and 5V/u s slew
rate make these devices excellent components for high perfor-

® INDUSTRIAL CONTROL SYSTEMS mance signal conditioning applications. Outstanding input and
output voltage swings coupled with a low 5nA offset current
e POWER SUPPLIES make these amplifiers excellent components for resolver excit-

ation designs.
e HIGH VOLTAGE REGULATORS
The HA-2640/2645 are available in metal can (T0-99) or cer-

e RESOLVER EXCITATION amic min-dip and can be used as high performance pin-for-
pin replacements for many general performance amplifiers.
e SIGNAL CONDITIONING HA-2640 is specified from -550C to +1250C and HA-2645

is specified over the 00C to +750C range.

PINOUTS SCHEMATIC

COMPENSATION
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SPECIFICATIONS

n
ABSOLUTE MAXIMUM RATINGS s ‘
Voltage Between V+ and V- Terminals 100v Operating Temperature Range g
Input Voltage Range +37V -550C < Tp <+1250C (HA-2640) 8
Output Current/Full Short Circuit Protection 00C < Tp <+75°C  (HA-2645) <'
Internal Power Dissipation 680mW* Storage Temperature Range T
-650C < Tp < +1500C
*Derate by 4.6mW/OC above +250C
ELECTRICAL CHARACTERISTICS
Vsupply = #40V, R =5K, Unless Otherwise Specified.
HA-2640 HA-2645
-550C to +1250C 00C to +75°C e
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. | UNITS %g
INPUT CHARACTERISTICS . :t
+25°C 2 4 2 6 mV ==
Offset Voltage Full 6 7 mv g E
[=J=]
Offset Voltage Average Drift Full 15 15 uv/ec ©
Bias Current +250C 10 25 12 30 nA
Full 50 50 nA
+250C 5 12 15 30 nA
Offset Current Full 35 50 nA
Input Resistance (Note 10) +250C 50 250 40 200 MQ
Common Mode Range Full +35 +35 Vv
TRANSFER CHARACTERISTICS
- . . +250C | 100K | 200K 100K | 200K VIV
Large Signal Voltage Gain (Note 8) Full 75K 75K VIV
Common Mode Rejection Ratio (Note 1) Full 80 100 14 100 dB
Unity Gain Bandwidth (Note 2) +250C 4 4 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing- Full +35 +35 v
Output Current (Note 9) +250C +12 +15 +10 +12 mA
Output Resistance +250C 500 500 Q
Full Power Bandwidth (Notes 3 &11) +250C 23 23 kHz
TRANSIENT RESPONSE  (Note 7) ’
Rise Time (Notes 4, 6) +250C 60 100 60 100 ns
Overshoot (Notes 4, 6) +250C 15 30 15 40 %
Slew Rate (Note 6) +250C +3 15 +25 5 V/ius
i POWER SUPPLY CHARACTERISTICS
Supply Current +250C 3.2 3.8 3.2 45 mA
Supply Voltage Range . Full +10 +40 +10 +40 Vv
Power Supply Rejection Ratio (Note 5) Full 80 90 74 90 dB
NOTES: 1. Vgopm =120V 5. Vg = +10V to +40V 10. This parameter based upon
2. Vo =90mV, . 6. Ay =1 design calculations.
3. Vg = +35V 7. C_=50pF, R =5K 11. Full power bandwidth
4. Vg = £200mV 8. Vg =30V guaranteed based upon
9 RL =1K slew rate measurement.
FPBW = S.R./2MVpeak.
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PERFORMANCE CURVES

V+ =V-=40VDC, Tp = +25°C UNLESS OTHERWISE STATED

INPUT BIAS AND OFFSET CURRENT INPUT NOISE CHARACTERISTICS
vs TEMPERATURE 100 1014
9
2 . \\
; N_ VOLTAGE
NOISE
2 .

BN BN

-50 -25 0 +25 +50 +15 +100 +125

- N
<

£ \
€ >° : <
£ N = \ =
-4 b
g 3
E \ N g 2
=l =3 =2
e NN BIAS CURRENT = g
\\ } g’ N g
. — I E s
OFFSET CURRENT ~N g CURRENT e
I l ~ NOISE >
5 Q.
= =]
2 =

N

Temperature, °C \

1K
Frequency Hz

NORMALIZED AC PARAMETERS OPEN LOOP FREQUENCY AND
vs TEMPERATURE ) PHASE RESPONSE

I\
~\\

A PHASE 900

450

Normalized Value Referred to +25°C

=]
-]
c
g, .
@ ! . E
oL SLEW RaT T\ > ~ \ | i ‘ <%
s H £
S w ' \ TN s 8
BANDWIDTH = ! \ g
8 | = ! a
8 1800
50 25 0 35 50 W5 +100 4125 - N
j =
] ] |
Temperature, °C S . i | 2250
| !
| ! 270°
10 100 1K 10K 100K m oM

Frequency Hz

OPEN LOOP FREQUENCY RESPONSE FOR
VARIOUS VALUES OF CAPACITORS FROM
COMPENSATION PIN TO GROUND

NORMALIZED AC PARAMETERS
vs SUPPLY VOLTAGE AT +25°C

12
3 o
pel o o
120
-E 1 s Ceomp T ICL = 100pF
=
= % \\\‘\ _‘—: =
5 SLEW RATE =8 \\ -
— P
CE 1 o %%4 30pt
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e o
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=y 20 30 40 |
|
Supply Voltage, Volts L :

i
00 1K 10K 100K ™ 0M
Frequency Hz

NOTE: External Compensation Components are not Required for
Stability. But May be Added to Reduce Bandwidth if Desided.
CL = 100pF is Also Required for Stability Only if External
Compensation Capacitor is Used.
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PERFORMANCE CURVES (continued)

0

g

OUTPUT VOLTAGE SWING OUTPUT CURRENT CHARACTERISTIC )

vs FREQUENCY AT +25°C g

100 T T 40 N
AV =1V =440V [

— VsuppLy = 140V ‘\\ 5”"':2;“]5:/“ T Y ) <|

[ VsupeLy = £20V ﬁ\\ +1250¢ 42501:/ -55°c/ I
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Y/

Peak-to-Peak Voltage Swing
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Vi = +18V
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1 R
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1
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Output Load Current, mA =X=]
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SWITCHING WAVEFORM AND TEST CIRCUIT

VOLTAGE FOLLOWER SLEW RATE AND TRANSIENT
PULSE RESPONSE RESPONSE TEST CIRCUIT
IN
ouTt
5K 2
50pF

R =5K, C = 50pF
Vertical = 10V/Div. Tp=+25°C
Horizontal = 5us/Div. Vg = +40V

1 7
SUGGESTED VOS AN \
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3 a 5
10K
A
t
1)
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FEATURES

DESCRIPTION

HA-2650/55

Dual High Performance
Operational Amplifier

® SLEW RATE 5V/us HA-2650/2655 contains two internally compensated operational amp-
lifiers offering high slew rate and high frequency performance combined
°
BANDWIDTH 8MHz with exceptional DC characteristics. ~ 5V/usec slew rate and 8MHz
® BIASCURRENT 35nA bandwidth make these amplifiers suitable for processing fast, wideband
signals extending into the video frequency spectrum. Signal processing
° 0
AVG. OFFSET VOLTAGE DRIFT 8uv/oc accuracy is enhnaced by front-end performance that includes 1.5mV
® POWER CONSUMPTION 75mW offset voltage, 8uV/OC offset voltage drift and low offset and bias
current (1nA and 35nA respectively). Offset voltage can be trimmed to
+ +
¢ SUPPLY VOLTAGE RANGE 2V TO 220V zero on the devices offered in dual-in-line packages. Signal conditioning
is further enhanced by 500M  input impedance.
APPLICATIONS Applications for HA-2650/2655 include video circuit designs such as
high impedance buffers, integrators, tone generators and filters. These
e VIDEO AMPLIFIERS amplifiers are also ideal components for active filtering of audio and
voice signals.
® HIGH IMPEDANCE, WIDEBAND BUFFERS
® INTEGRATORS HA-2650/2655 are offered in 14 pin DIP and metal T0-99 packages and
are also available in dice form. HA-2650 is specified form -550C to
® AUDIO AMPLIFIERS +1250C. HA-2655 operates from 00C to +750C.
® ACTIVE FILTERS
PINOUTS SCHEMATIC
TOP VIEWS
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SPECIFICATIONS

n
ABSOLUTE MAXIMUM RATINGS Q
Tp = +259C Unless Otherwise Stated Power Dissipation (Note 2) ~ T0-99 300 mW 8
TO-116 300 mwW 0
Voltage Between V+ and V- Terminals 40.0v Oll
Differential Input Voltage 130.0v Operating Temperature Range: <
Input Voltage (Note 1) 15.0V HA-2650 -550C <Tp < +1250¢ X
Output Short Circuit Duration Indefinite HA-2655 00C <Tp < +75°C
Storage Temperature Range -659C <Tp < +1500C
ELECTRICAL CHARACTERISTICS Vv+=+15V D.C., V-=-15V D.C.
HA-2650 HA-2655
-550C to +1259C 0°C to +75°C
PARAMETER TEMP. MIN. TYP. | MAX. MIN. TYP. | MAX. UNITS o
INPUT CHARACTERISTICS % %
Offset Voltage +250C 15 3 2 5 mV o
Full 5 7 mV ] =)
<
Av. Offset Voltage Drift Full 8 8 uv/oc & ’g
Bias Current +250C 35 100 50 200 nA ©
Full 200 300 nA
Offset Current +250C 1 30 2 60 nA
Full 60 100 nA
Common Mode Range Full 13 13 v
Differential Input Resistance (Note 9) +250C 5 20 5 20 MQ
Common Mode Input Resistance +250C 500 500 M
Input Capacitance +250C 5 5 pF
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3ab) +250C 20K 40K 15K 40K VIV
Full 15K 10K VIV
Common Mode Rejection Ratio (Note 4) +250C 80 100 74 100 dB
Full 80 74 dB
OUTPUT CHARACTERISTICS
* Output Voltage Swing (Note 3c) +250C | *13 +14 13 14 \"
Full 13 3 Vv
Full Power Bandwidth (Notes 5 &10) +259C| 30 80 30 80 KHz
Output Current (Note 3a) +250C +20 8 mA
Output Resistance +250C 100 100 Q
TRANSIENT RESPONSE (Note 6)
Rise Time (Note 7) +250C 40 80 40 90 ns
Overshoot (Note 7) +250C 15 40 15 40 %
Slew Rate +250C | *2 15 +2 5 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current +259C 25 4 3 5 mA
Power Supply Rejection Ratio (Note 8) +250C 80 100 74 100 dB
Full 80 74 dB
NOTES: 1. For supply voltages less than 15V, 4. Vopm = 35.0v 9. This parameter value based upon
the absolute maximum input voltage 5. Ay =1,R =2K,Vq=20Vp, design calculations.
is equal to the supply voltage. 6. See transient response/slew rate 10. Full power bandwidth guaranteed
2. Derate at 4.7mW/°C at ambient tem- circuit. based upon slew rate measurement
peratures above +110°C. 7. Vin = 200mV FPBW = S.R./2TVpeak,
3. (@ Vg=*10V (b) R =2K 8. Av=150v
(e) R = 10K
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PERFORMANCE CURVES

V+= +15V, V- = -15V, Tp = +250C unless otherwise stated.

OUTPUT VOLTAGE SWING VS. FREQUENCY
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PERFORMANCE CHARACTERISTICS

TRANSIENT RESPONSE/SLEW RATE CIRCUIT

1> (12)
(9) 3
Vout
@],
6 50pF

VIN

Note: Numbers in parentheses refer to the second half of
TO-116 package.

SLEWING WAVEFORM
v 3
IN 1 ov
o
ov
Vout

VERTICAL 5V/DIV. HORIZONTAL 1us/DIV.

TYPICAL APPLICATIONS

LOW COST HIGH FREQUENCY GENERATOR

Ry ;AMPLITU DE ADJUST

) R
Eio AAA

Eo \/\/
it 1 Ry
L
33\g,
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@ HarRISs HA-2720/25

ded Wide Range Programmable
Not Recommendé Operational Amplifier

For New Designs
See HA-5161 or HA-5151

e WIDE PROGRAMMING RANGE HA-2720/27'25' progr?mmable .amplifigrs are internally compen-
sated monolithic devices offering a wide range of performance,

FEATURES DESCRIPTION

SLEW RATE 0.06 TO 6V/us that can be controlled by adjusting the circuits’ “set” current

BANDWIDTH SkHzTO 10MHz (ISET). By means of adjusting an external resistor or current

BIAS CURRENT 0.4 TO 50nA source, power dissipation, slew rate, bandwidth, output current

SUPPLY CURRENT TLATO 1.5mA and input noise can be programmed to desired levels. This

'+ N versatile adjustment capability enables HA-2720/2725 to pro-

¢ WIDE POWER SUPPLY RANGE $1.270 218V vide optimum design solutions by delivering the required level

of performance with minimum possible power dissipation.

* CONSTANT AC PERFORMANCE OVER SUPPLY HA-2720 and HA-2725 can, therefore, be utilized as the stand-

RANGE ard amplifier for a variety of designs simply by adjusting their
programming current.

APPLICATIONS A major advantage of HA-2720/2725 is that operating charac-

teristics remain virtually constant over a wide supply range
(£1.2V to 15V), allowing the amplifiers to offer maximum

e ACTIVE FILTERS A . .
performance in almost any system including battery-operated

e CURRENT CONTROLLED OSCILLATORS equipment. A primary application for HA-2720/2725 is in
e VARIABLE ACTIVE FILTERS ] active filters for a wide variety of signals that differ in frequency

and amplitude. Also, by modulating the “set” current, HA-
* MODULATORS 2720/2725 can be used for designs such as current controlled
e BATTERY-POWERED EQUIPMENT oscillators modulators, sample and hold circuits and variable

active filters.

HA-2720 is guaranteed over -550C to +1250C. HA-2725 is
specified from 00C to +750C. Both parts are available in T0-99
cans or dice form.

PINOUTS SCHEMATIC
TOP VIEWS
S
BALANCE | |1 81| ISET
INVERTING INPUT I: 2 71| Vv+ , 029 an
NONINVERTING 1, s ] oureur
V-11]4 5 :I BALANCE

Note: Case tied to V-

16 °1J ® o
~ ’] N o
012} (09 {a1
an ““P_‘
] '] re2onl  R23200
1

BALANCE v+
fan
LG |
INVERTING v
INPUT ouTPUT RIZIK R4
BALANCE
NoNINVERTING (3) (®) BaLance
INPUT
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SPECIFICATIONS

n
N
ABSOLUTE MAXIMUM RATINGS a
Voltage Between V+ and V- Terminals 45.0V Power Dissipation (Note 2) 300mwW (,:l
Differential Input Voltage +30.0V Operating Temperature Range: 0,.
Input Voltage (Note 1) _+15.0V HA-2720 '5520 <Ta EHZEOC <
ISET (Current at IET) 500UA HA-2725 0°C <Ta < +7g C( o I
VSET (Voltage to Gnd. at ISET) V+ - 2.0V < VggT < V+ Storage Temperature Range -650C < Tp < +1500C
ELECTRICAL CHARACTERISTICS Vv+=+3.0V, V-=-3.0V
HA-2720 HA-2725
-559C to +125°C 00C to +75°C .
ISET=15UA | IseT- 15HA | IsET= 154A | IseT = 150A 25
PARAMETER TEMP. | MIN.|TYP.{MAX.] MIN.[TYP.[MAX.] MINJTYP.|MAX.| MIN.|TYP.[MAX.{ UNITS 8 z
|
INPUT CHARACTERISTICS % =
Offset Voltage 250C 201 3.0 20| 3.0 201 5.0 20| 50} mv 3 E
Full 5.0 5.0 7.0 70 | mv 8
Offset Current 250C 05 3.0 1.0 10 05 5.0 .01 10 nA
Full 1.5 20 15 20 nA
Bias Current 250C 20| 50 80 20 201 10 80| 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 25°C 50 5 50 5 M
Input Capacitance 250C 3.0 3.0 3.0 3.0 pF
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 9) 250C ] 15K | 40K 15K | 40K 15K | 40K 15K | 40K VIV
Full 10K 10K 10K 10K VIV
Common Mode Rejection Ratio (Note 4)[ Full 80 80 74 74 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) 250C | +2.0( 2.2 +2.0( £2.2 +2.0( 2.2 +2.0| +2.2 v
Full | +2.0 +2.0 2.0 +2.0 Vv
Output Current (Note 5) 250C +0.2 +2.0 +0.2 +2.0 mA
Output Resistance 250C 2K 500 2K 500 2
Output Short-Circuit Current 250C 2.8 14 2.8 14 mA
TRANSIENT RESPONSE
Rise Time (Note 6) 25°C 25 0.25 25 0.25 us
Overshoot (Note 6) 250C 5 10 5 10 %
Slew Rate (Note 7) 250C 0.07 0.70 0.07 0.70 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current 250C 15 170 15 170 UA
Full 25 250 25 250 | UA
Power Supply Rejection Ratio(Note 8) Full 80 80 76 76 dB
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS V+=+15.0V, V-=-15.0V

HA-2720 HA-2725
-550C to +125°C 00C to +75°C
ISET = 1.51A |/ ISET = 15UA ISET = 1.54A ISET = 15UA
PARAMETER TEMP. | MIN.[TYP.IMAX_ | MIN.]TYP.|MAX.] MINJTYP. IMAX.] MIN.|TYP.|MAX.] UNITS
INPUT CHARACTERISTICS
" | Offset Voltage 250C 20| 3.0 20| 3.0 20| 50 20| 5.0 mV
Full 50 5.0 7.0 7.0 mV
Offset Current 250C 05} 3.0 1.0 10 05| 50 1.0 10 nA
Full 15 20 715 20 nA
Bias Current . 250¢C 20| 5.0 8.0 20 20| 10 8.0 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 259C 50 5 50 5 M
Input Capacitance 250C 3.0 » 3.0 3.0 3.0 pF
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 3 & 9) | 25°C | 30K |100K 30K |120K 25K | 40K 25K | 120K VIV
Full 20K 20K 20K 20K VIV
0
Common Mode Rejection Ratio (Note 4) %?!”C 30 %0 30 % 74 90 74 9 gg
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) 250C | £12 (%135 1121135 +12(£13.5 +12|%13.5 \
Full 110 10 10 10 v
Output Current (Note 5) 259C 105 +50 105 +5.0 mA
Output Resistance 250¢C 2K 500 2K 500 k)
Output Short-Circuit Current 250C 3.7 19 3.7 19 mA
TRANSIENT RESPONSE
Rise Time (Note 6) 250C 2.0 0.2 2.0 0.2° s
Overshoot (Note 6) 250C 5 15 5 15 %
Slew Rate (Note 7) 250C 0.1 0.8 0.1 0.8 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current 250C 20 210 20 210 UA
Full 50 450 50 450 | UA
Power Supply Rejection Ratio (Note 8) | Full 80 80 76 76 dB

NOTES: 1. For supply voltages less than $15.0V, the absolute maximum input voltage is equal to supply voltage.

2. Derate at 6.8mW/°C for operation ambient temperatures above 75°C.

VSUPPLY = 13.0V VSUPPLY = 1+15.0Vv ISET =1.5MA 'SET =15UA
3. T=+25°C and Full T = +25°C Ry = 75KQ2 R, =5KQ
— T = Full R = 75K R = 75K
4. Vepy =115V Vem = 5.0V
5. VO = t2.0v Vo =110.0v
6. <——-—-—Av =41, VinN = 400mV, RL = 5K, CL = 100pF
7. Vo=12.0V Vo=110‘OV RL=20K RL=5K
8. Av = t1.5v Av = 15.0v
9. VO =11.0v VO = 110.0V
10. This parameter based upon design calculations.
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+25°C, Vg =+15VDC

INPUT BIAS CURRENT

vs. SET CURRENT

INPUT BIAS CURRENT
vs. TEMPERATURE

INPUT OFFSET CURRENT
vs. TEMPERATURE

100 T 2
$3VEVsSe 18V \ szle,‘elmv
i} 16 N\ 3
23V Vg< 118V
/ ” \‘ 2
<10 N IsET 7 15uA 2
I = L) Z
£ T - H ™~ 27V
3 5 4 <
3 S N N
] 5 3 N
: » = 2
3 3 3 2
£ g N = ' \ IsET:15 LA
! — Ier - 150A N =
1 B— [ IggT15:.A
———
" Il . |
01 1 10 100 O S09C 259 0°C +750C +509C +750C +100°C +125°C 159C 509 250C  09C  +259V  +50°  +759C +100°C +1250C
Set Current (A} Temperature Temperature
CHANGE IN OFFSET VOLTAGE INPUT NOISE CURRENT INPUT NOISE VOLTAGE
vs. IgeT (UNNULLED) vs. IgeT vs. IgeT
ma = — 1013
”_l i} 4 H —— 43V < Vg < 118V
1.0 bt ) - 1 = 1kHz
J 1V 2Vg >3V 11 £3V < Vg < 118V 1
z ’—— ’P . 026 = 1kHz 20t
05 11 e & H <
g - 3
H 1] : - FHHE s
s 4 g i H
3 L Y s
= 2 2
.. : ‘
e & I H I
208 3 06
_[:_ H ¥
- |
YR 1028 ”]]] 1017 _]
1 10 100 21 1 10 100 01 10 10 100

Set Current - 1A

INPUT NOISE VOLTAGE AND CURRENT
vs. FREQUENCY

W":
ERASOE:

€y2IgET=15A)

3
5

€x2lsgT=15 LA) T

0-15

1

Mean Square Noise Voltage -V 2/Hz

N Qieer =
- in2ligeT = 15 UA) )
1 igZliggy = 15 A
w017 1028
10 100 3 10K 100K
Frequency (Hz)

Set Current (LA)

Mean Square Nows Current - AZ/Hz

Set Current (LA}

OPTIMUM SET CURRENT FOR MINIMUM
NOISE vs. SOURCE RESISTOR

1 I
T m
1T I
+3VS Vg <118V
100
< =it
3
g
S
3
2 = =:
E T
&
1
T
| |
oaL_1 111 - ] L L
100K ™ oM 100M
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PERFORMANCE CURVES

UNLESS OTHERWISE NOTED: Tp =+25°C, Vg =+15VDC

MAXIMUM OUTPUT VOLTAGE SWING GAIN BANDWIDTH PRODUCT

OPEN LOOP VOLTAGE GAIN

vs. LOAD RESISTANCE vs. IgeT vs. TEMPERATURE
157715 LA L ”}w ==: =
4 yo T
/4 A 1ser=150A Vg = 15
2 1 IeT = 15 LA
/ | ] ”I " Vg e 15V == 100K ; NST
w4 15 ~ T
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8 3 Vs b
H £ 100K 3
2 £ 2 S 20k
£ 4 ] T s 1
3 H 2
H &
& 10K] IgET = 153 A L
» f d N
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100 3 10K 100K ™ o 1 10 100 509C 250 0°C  25°C  50°C  75°C  100°C 125°C
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106 = = T M 5
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RN v . :avvsvssnav 1000
5) — = 11 —H = H
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3 z > z
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=== =y E_L £ M H I
i T
1 |
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1 10 0t 1 10 100 0.1 1 10 100
Set Current (LA Set Current - LA Set Current- LA
SUPPLY CURRENT vs. NORMALIZED BANDWIDTH
TEMPERATURE vs. TEMPERATURE

T
I5eT = 15uA
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3
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3
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e
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Il
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PERFORMANCE CURVES

SLEW RATE vs. IggT

10
4 8 !
)
Vg - +15V
1 : -
Vg = +3V;
3 T
3
o1
2
i
&
0.0
I I 1T
o,wr ]Uﬂ L]
o 1 10 100
Set Current - A

PHASE MARGIN vs. SET CURRENT

L
R
809
N
;" 70°) N VS - +15)
2
3 60
H Vg2 43V
50
0
0
o 1 10 100 =
Set Curcent ( 1. A)

SUGGESTED
OFFSET NULL

GND

SET CURRENT VS. SET RESISTOR

100M
{ 11
N
1M
Vg =4 15V
T
53 +
H Vg =43V
Zm H
<
& SHHE
1T
I
100K SET
Vs 15 LA 15 LA
15V | 17M TZ0K7
$30V_| 320MQ | 320K
60V _| 70M Q| 700KQ
Lok |L2BY_LiM ¢ [ Tam
0 1 0 100
Set Current t(uA)

TRANSIENT RESPONSE/SLEW RATE CIRCUIT

SLEWING WAVEFORM

T
INPUT
ov
OUTPUT
/ )
\\ o
VERTICAL SV/DIV
HORIZONTAL. 1uSI0IV

ISeT = 1004A
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HA-4600/02/05

High Performance
Quad Operational Amplifier

o HARRIS

FEATURES DESCRIPTION
e LOWOFFSET VOLTAGE 0.3mV The HA-4600 series are high performance dielectrically isolated
monolithic quad operational- amplifiers with superior specifica-
® HIGHSLEW RATE 4V /us tions not previously available in a quad amplifier. These amp-
e WIDE BANDWIDTH 8MHz lifiers offer. excellent dynamic performance coupled with low
e LOWDRIFT 2uV/0C values for offset voltage and drift, input noise voltage and
e FASTSETTLING (0.01%, 10V STEP) 4.2us power consumption.
e | OWPOWER CONSUMPTION 35mW/AMP A wide range of applications can be achieved by using the
e SUPPLY RANGE £5V T0 +20V features made available by the HA-4600 series. With wide
bandwidth (8MHz), low power (35mW/amp), and internal
compensation, these devices are ideally suited for precision
APPLICATIONS active filter designs. For audio applications these amplifiers
offer low noise (8nV/+/Hz) and excellent full power bandwidth
(60kHz). The HA-4602/4605 is particularly useful in designs
requiring low offset voltage (0.3mV) and drift (2 uV/0C), such
® HIGH Q, WIDE BAND FILTERS as instrumentation and signal conditioning circuits. The high
e |NSTRUMENTATION AMPLIFIERS slew rate (4V/ us) and fast settling time (4.2 us to 0.01%, 10V
e AUDIO AMPLIFIERS step) makes these amplifiers useful components in fast, ac-
curate data acquisition systems.
e DATA ACQUISITION SYSTEMS
. T e HA- series are available in pin packages
INTEGRATORS The HA-4600 seri ilable in 14 pin CERDIP pack
e ABSOLUTE VALUE CIRCUITS which, are interchangeable with most other quad op amps.
HA-4600/4602-2 is specified from -550C to +1250C and
* TONE DETECTORS HA-4600/4605-5 is specified over 00C to +750C range.
PINOUT SCHEMATIC
TOP VIEW
OQut 1 14 Out
1 4
2 113
Inputs 4 Inputs
1 3 12 4
= — .
V+ -4—- ..l V- RS Vour
5] 10,
Inputs Inputs
2 6| |19 3
Qut 7 8 Out
2 3
ONE FOURTH ONLY (HA-4600)
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SPECIFICATIONS

n
ABSOLUTE MAXIMUM RATINGS (Note 1) g
TA =+259C Unless Otherwise Stated Power Dissipation (Note 4) 880mW g
Voltage Between V+ and V- Terminals 40.0v Operating Temperature Range o
Differential Input Voltage +v HA-4600/4602-2 5500 <Tp <+1250C 8
Input Voltage (Note 2) +15.0v HA-4600/4605-5 00c<Tp <+75°C <'
Output Short Circuit Duration (Note 3) Indefinite Storage Temperature Range -650C <Tp <+1500C T
Electrical Characteristics v+=+15v, v-=-15v
HA-4600-2 HA-4602-2 e
HA-4600-5 HA-4605-5 e
PARAMETER TEMP MIN TYP MAX MIN TYP | MAX | UNITS §_§
INPUT CHARACTERISTICS ;E
Offset Voltage +250C 0.3 2.5 3.0 9 mV °g
Full 3.0 10 mv
Av. Offset Voltage Drift Full 2 5 uv/oC
Bias Current +250C 130 200 200 400 nA
Full 325 500 nA
Offset Current +250C 30 75 70 150 nA
Full 125 175 nA
Common Mode Range Full 112 $12 "
Input Noise Voltage (f = 1kHz) +250C 8 8 nV/\/I'E
Input Resistance 500 500 k2
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 5) Full 100K | 250K 75K | 250K VIV
Common Mode Rejection Ratio (Note 9) Full 86 80 dB
Channel Separation (Note 6) +250C -108 -108 dB
Small Signal Bandwidth +250C 8 8 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing (R = 10K) Full 12 13 12 13 '
(RL = 2K) Full 110 112 10 | #12 v
Full Power Bandwidth (Note 5) .' +250C 60 60 kHz
Output Current (Note 7) Full 10 15 18 15 mA
Output Resistance +250C 200 200 Q
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 50 150 50 150 ns
Overshoot +250C 30 45 30 45 %
Slew Rate +250C 12 14 1 £ V/us
Settling Time (Note 10) 4.2 4.2 s
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 46 5.5 5.0 1.5 mA
Power Supply Rejection Ratio (Note 9) Full 86 74 dB
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NOTES:

1.

5.

6.

Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the circuit
may be impaired. Functional operability under any of
these conditions is not necessarily implied.

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

Any one amplifier may be shorted to ground indefinitely.
Derate 5.8mW/0C above TA = +250C.
VouT =%10V; R = 2K ohms.

Channel separation value is referred to the input of the

10.

amplifier. Input test conditions are: f = 10kHz; VN =
200mV peak-to-peak; Rg = 1K ohms. (Refer to Channel
Separation vs. Frequency Curve for test circuits.)

Output current is measured with VouT = 25 volts.

For transient response test circuits and measurement
conditions refer to Test Circuits section of the data sheet.

AV = 15,0 volts.

Settling time is measured to 0.1% of final value for a 10
volt input step, Ay = -1.

TEST CIRCUITS

LARGE SIGNAL —

2K
WO~VAAA >
T ) OUT
+

RESPONSE - _
CIRCUIT 3
(Volts: 5V/Div., F3
Time: 5us/Div.) E3 ov
HHHH HHH
ov

L
+t

VERT. 5V/DIV.
HORZ. 6 us/DIV.

SMALL SIGNAL
RESPONSE
CIRCUIT

(Volts: 10mV/Div.,  |[_ipur

Time: 50ns/Div.) reels l

INO———+
out
ZKQIEDpF

T 3
0UTPUT I

T
H
ov —4 :

HORIZONTAL: 50 NSEC/DIV.
VERTICAL: 10mV/DIV

SETTLING TIME CIRCUIT

+15V

2N4416

TO
OSCILLOSCOPE

PT-O VouTt
ViN v 50 e Ay=-1.

® Feedback and summing
resistors should be 0,1%.

o Clipping diodes are optional.
HP5082-2810 recommended.
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PERFORMANCE CURVES

INPUT NOISE VOLTAGE V/

n
V+=+15V, V- =-15V, Tp =+250C Unless Otherwise Stated. g
o
S
OFFSET VOLTAGE INPUT BIAS AND OFFSET OPEN LOOP FREQUENCY RESPONSE o
CURRENT VS. TEMPERATURE ‘g
1
- 20 110 —17 .
. 1 <
s +100 -——F -[ — I
2% \\ BIAS CURRENT 18 - f: ’: RL=2K
sE I~ H TR I o
EH "o g 1 T M
3 ~— E gg [ i : .
J 12 8 22 L] NRLLBEH g
—_ o B S8 o | M =
\'\o;rsncuaum " s g 30 Wl | Priase
B N e g RTINS :
g £ +10f— L Il % g
i 3 T I ==
;5 200 —] (TYPICAL) 04 11 i ”" =} l-_l-'
00! Vos! Hasco 02 o 0w K 0K 100K ™ E =]
. l | I FREQUENCY —Hz <E
— 400l 0 a =
-80 -40 [ +40 +80 +120 +160 (==
TEMPERATURE - °C t
SMALL SIGNAL BANDWIDTH AND PHASE OUTPUT VOLTAGE SWING
MARGIN VS. LOAD CAPACITANCE VS. FREQUENCY AND SUPPLY VOLTAGE
o [1] * 10 o .
[ I\PHAsE maRGl SEE=s H E2
* ° 3 e
RL=2KQ2 z g - vs=;mv
z o BANDWIDTH | [ ¢ : g 10 === ‘E[vth ]ml lﬁ—
H N 5 5 ; =
= a0 6 § H '
.u Suilhi 2 = -*
™~ 3
00! : 0 01 N
10 100 1000 10,000 100 1K 10K 100K ™ oM
LOAD CAPACITANCE - pF FREQUENCY - Hz
CHANNEL SEPARATION VS. FREQUENCY
-140
INPUT NOISE VS. FREQUENCY ' R i
50 a-
ST T T :
) . & =
35 < § c.s =z’md( Vop )_TH’
30 CURRENT NOISE 3y 2 100V~
b3 t = ;
20 N R i 2 g 3
15 S g
H—— VOLTAGE NOISE = 5
T T 'g
oL [T 0
10 100 3 10K 100K 10 100 3 10K 100K
FREQUENCY - Hz FREQUENCY —Hz
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PERFORMANCE CURVES (Continued)

PEAK-TO-PEAK OUTPUT VOLTAGE SWING - V

&

SETTLING TIME, us

NORMALIZED AC PARAMETERS
VS. SUPPLY VOLTAGE

. snowoT
/s

A

EW RATE

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT t15v

) 2 16
SUPPLY VOLTAGE - VOLTS

MAXIMUM OUTPUT VOLTAGE SWING VS. LOAD
RESISTANCE AND SUPPLY VOLTAGE

® 11

I Vg =215V H
|

|
|
1

100 1K 10K
LOAD RESISTANCE - OHMs

SETTLING TIME VS. OUTPUT
AMPLITUDE (Ay =-1)

SETTLING TIME VS. OUTPUT AMPLITUDE
AND SIGNAL GAIN (Ay =-5 AND Ay =-10)

NORMALIZED AC PARAMETERS
VS. TEMPERATURE

4
13
12
EXS
FEJRA] BANDWIDTH
zo
ar SLEW RATE
N2 10
it ™~
I -
S 09 SLEW RATE
S Y
BANDWIOTH
08
07
06 >
-80 -40 0 +40 480 +120 +160
TEMPERATURE - °¢
POWER SUPPLY CURRENT VS. TEMPERATURE
AND SUPPLY VOLTAGE
*s
*s
K
. Vg=*15v
z — T
& —t Vs =10V
= 44
= &
3
> ~
§ Vg=1ts5v
a
2
0
-80 _a0 0 +40 +80 +120 +160

TEMPERATURE - °C

RATIO VS. FREQUENCY

HA-4602 - COMMON MODE REJECTION

42 ] VouT =10V
Ay=-5-H
s 26 VouT =10V e
Ay=-10 = 100 +
2
S
5 3.0 E 8
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S8 S w0
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= w
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~ 2 T HE
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OUTPUT ERROR VOLTAGE mV

OUTPUT ERROR VOLTAGE, mV
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APPLYING THE HA-4602/4605 QUAD OPERATIONAL AMPLIFIERS

1. POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines
be decoupled with .01 u F ceramic capacitors to ground.
Decoupling capacitors should be located as near to the
amplifier terminals as possible.

2. UNUSED OP AMPS: Unused op amp sections should be
connected -in a non-inverting follower configuration with

the (+) input tied to ground in order to insure optimum
performance of devices being used.

3. In high frequency applications where large value feed-
back resistors are used, a small capacitor (3pF) may be
needed in parallel with the feedback resistor to neutralize
the pole introduced by input capacitance.

APPLICATIONS
2ND ORDER STATE VARIABLE FILTER (1kHz, Q = 10)
R
YN —t— 2
ook | 399K R1 O1UF R2 ——o
- 5K 14.7K 5K 14.7K O1uF
IN W"
Ot 2
Rs : L + LO
49.9K ¢—OHIPASS = L PASS
Re -
O BAND PASS
948K

|
|| 24.9K
|

The state variable filter is relatively insensitive to component
changes (changes can be adjusted out with potentiometers)
and also has low sensitivity to amplifier bandwidths. (Amplifier
gain bandwidth product should be >>Q x fg). The bandwidth
criteria will determine whether a general purpose op amp like
Harris HA-4741 or the wide band HA-4602/4605 should
be used.

This filter finds wide application because multiple filtering
functions are available simultaneously (High pass, Lo pass,
Band pass, Band reject). In this circuit the various RC products
are matched with pot adjustments allowing for non-interactive

NOTES: 1. MAKE R1Cq1 = R2C2

1

2. fc= 2”R‘|C‘|
- Ré
3.Q 1/2(1 +R5)

adjustment of Q and fg. This allows capacitors (Cq, C7) with
loose tolerances to be used. To tune for fg, apply a sine wave
at fg to the input, adjust R for equal amplitudes at the Hi pass
and Band pass terminals (they will be phased 900 apart) then
adjust R9 for equal amplitudes at the Band pass and Lo pass
terminals. ‘

The state variable filter is often used as building blocks in
multiple pole Butterworth of Chebyshev filters. Many references
contain normalized tables indicating settings for Q and fg of
each pole- pair section.
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APPLICATIONS (Continued)

SALLEN AND KEY 2ND ORDER LO PASS FILTER

C2

A
n
Rq R2
O—N\»—o—w—l— +
1

NOTES:

1. Make R1=R2
1

2. fe=5rn Fr—
ouT 27TR1,/C1C2
——0
C2
=1 —
3. 0=% 1

The advantage of using the Sallen and Key filter is simplicity,
but in any application this must be weighed against the state-
variable type filter for accuracy, practicality, and cost. Amp-
lifier bandwidth limitations are much more apparent at moderate
frequencies and Q values with this filter design. (For accuracy,
amplifier gain-bandwidth product should be>>fg x 02). The
wide bandwidth of the HA-4602/4605 is particularly advan-
tageous in this design even at audio frequencies.

In this filter all component values affect both Q-and fg. Pre-
cision, temperature stable resistors and capacitors must be used.

For economy, this filter could be used in the low Q stages
of multiple-pole filter design, while the state variable type is
used in the more critical stages.

INSTRUMENTATION AMPLIFIER

-
|

| +

(-

| -

|

l .

L _ (opTioNAL)_ _

Instrumentation amplifiers (differential amplifiers) are specif-
ically designed to extract and amplify small differential signals
from much larger common mode voltages.

To serve as building blocks in instrumentation amplifiers, op
amps must have very low offset voltage drift, high gain and wide
bandwidth. The HA-4602/4605 is ideally suited for this appli-

R1

) ()

GAIN =(1 +

cation, delivering superior input and speed - characteristics.

The optional circuitry makes use of the fourth amplifier section
as a shield driver which enhances the AC common mode re-
jection by nullifying the effects of capacitance-to-ground
mismatch between input conductors.
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D HARRIS HA-4741

Quad Operational Amplifier

-
<
~
b
<
I

FEATURES DESCRIPTION
The HA-4741, which contains four amplifiers on a monolithic
e SLEW RATE 1.6V/us chip, provides a new measure of performance for general purpose
o BANDWIDTH . 3.5MHz operational amplifiers. Each amplifier in the HA-4741 has
e INPUT VOLTAGE NOISE 9nV\/—l~E operating specifications that equal or exceed those of the 741-
o INPUT OFFSET VOLTAGE 0.5mV type amplifier in all categories of performance. :
® INPUT BIAS CURRENT 60nA HA-4741 is well suited to applications requiring accurate signal °§" 'g
e SUPPLY RANGE 12V T0 £20v processing by virtue of its low values of input offset voltage Sz
e NO CROSSOVER DISTORTION (0.5mV), input bias current (60nA) and input voltage noise %‘5‘
« STANDARD QUAD PIN-QUT (9nV/ [Hz at 1kHz). 3.5MHz bandwidth, coupled with high <E
open-loop gain, allow the HA-4741 to be used in designs requir- s §

ing amplification of wide band signals, such as audio amplifiers.

Audio application is further enhanced by the HA-4741's neg-

APPLICATIONS ligible output crossover distortion. These excellent dynamic

characteristics also make the HA-4741 ideal for a wide range of

active filter designs. Performance integrity of multi-channel

o UNIVERSAL ACTIVE FILTERS desigr_ws is assured by a high level of amplifier-to-amplifier
isolation (108dB at 1kHz).

D3 COMMUNICATIONS FILTERS A wide range of supply voltages (£2V to £20V) can be used to

power the HA-4741, making it compatible with almost any
system including battery-powered equipment.

AUDIO AMPLIFIERS

BATTERY-POWERED EQUIPMENT The HA-4741 is available in a 20 pin LCC package as well

as both 14 pin ceramic and epoxy mini-dips. The HA-4741-2
operates from -550C to +1250C and the HA-4741-5 operates
over the 00C to +750C temperature range.

PINOUT SCHEMATIC
TOP VIEWS Lo Je +«
T e £ 3 ;ﬂ )
) o 2 - J’{:‘s
ou:u s 2] ot [2] 20} d J .
INPUTS Eg 27 E INPUTS ’ﬁ “ll
'] ] * e . @ | %
v ] ] v- 8
INPUTg E +2 E INPUTS 0‘54
- 3
Fg =] . —— T =
[ For we n*l l,m s e TR
QUAD OP AMP >
z z

A2
126K

as an
a3 Ae
8K 20
é v

(%) HA-4741
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Power Dissipation For

TA =+250C Unless Otherwise Stated Epoxy Package. (Note 3) 880mW
Voltage Between V+ and V- Terminals 40.0v Operating Temperature Range
Differential Input Voltage +30.0v HA-4741-2 -550C<TA<+1250C
Input Voltage (Note 1) *15.0v HA-4741-5 00C<TA<+750C
Output Short Circuit Duration (Note 2) Indefinite Storage Temperature Range -650C <Tp <+1500C
ELECTRICAL CHARACTERISTICS = V+=+15V,V-=-16V
HA-4741-2 HA-4741-5
-550C to +1250C 00C to +750C
- PARAMETER TEMP. MIN. TYP. | MAX. MIN. I TYP. MAX. UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 05 3.0 1.0 5.0 mV
) Full 4.0 5.0 4.0 6.5 mV
Av. Offset Voltage Drift Full 5 5 uv/oc
Bias Current +250C 60 200 60 300 nA
Full 325 400 nA
Offset Current +250C 15 30 30 50 nA
“Full 75 100 nA
Common Mode Range Full 112 +12 v
Differential Input Resistance +250C 5 | M
Input Voltage Noise (f = 1kHz) +250C 9 ] VIV HZ
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4) +250C | 50K 100K 25K 50K VIV
Full 25K 15K VIV,
+250C 80 80 dB
Common Mode Rejection Ratio : Full 74 74 dB
Channel Separation (Note 5) ) +250C 90 -108 90 -108 dB
Small Signal Bandwidth +250C 25 35 25 3.5 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (R = 10K) Full 12 1137 12 137 1"
(RL=2K) Full 10 1125 10 1125 v
Full Power Bandwidth (Notes 4 & 9) +250C 14 25 14 25 kHz
Output Current (Note 6) Full 15 15 15 15 mA
Output Resistance +250C 300 300 Q
TRANSIENT RESPONSE (Notes 7 & 10)
Rise Time (Note 11) ~ +250C 75 140 75 140 ns
Overshoot (Note 11) +250C 25 40 25 40 %
Slew Rate (Note 12) +250C 16 *16 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 5.0 7.0 mA
Power Supply Rejection Ratio (Note 8) Full 80 80 dB
NOTES: 1. For supply voltages less than £ 1 5V, the absolute 7. See Pulse Response Characteristics.
maximum input voltage is equal to the supply 8. Av=1s50v.-
voltage. 9. Full power bandwidth guaranteed based upon slew
2. One amplifier may be shorted to ground indefinitely. rate measurement FPBW = S. R./2 TT Vpeak.
3. Derate 5.8mW/°C above T = +25°C. 10 R = 2K, C|_ = 50pF.
4. VoyuT =110, R =2K. 11. VouT = £200mV.
5. Referred to input; f=10kHz, Rg = 1K. 12. Voyut=1s5V.
6. VoyT =2%10.
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PERFORMANCE CURVES

V+=+15V, V- = =15V, Ta = +250C
Unless Otherwise Stated.

-
<
~
b
<
I

OUTPUT VOLTAGE SWING
VS. FREQUENCY

OPEN LOOP FREQUENCY RESPONSE [T

Vg = 28V vg= ¢ 15V
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g w0y <
+10 g %
o1 =)
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.
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<o 5 —
g5 E BANOWIOTI
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E% 08 g 9f/
{ 2
n’n *2 *5 pal) sy t20 ¢ -55 -2 ) +25 +50 +15 +100 +125
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35 14 1o
RI | !KI il ™
30 12 60°)
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o5 W& o M
z z 2
2 = z W E
< 20 08 = 2 40 1 ™5
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PERFORMANCE CURVES (Continued)

CHANNEL SEPARATION VS. FREQUENCY

-140 I j |
-1 [
ay
100x | \
e i
& x i |
: w T — T
O i T cs=20L06( v, 1T
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L T |
=11l
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10 100 1K 10K 100K
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VS. TEMPERATURE
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® ™ OFFSET CURRENT
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PULSE RESPONSE

TRANSIENT RESPONSE/SLEW
RATE CIRCUIT

Vout

50pF 2KQ2
ViN

SLEW RESPONSE

(Volts: 5Y/Div, Time: 5 MS/Div)

TRANSIENT RESPONSE

(Volts: 40mV/Div., Time: 100ns/Div.)

200mv

N

-
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n
@ HARRIS HA-4900/02/05 :
\
N
o
~
S
Precision Quad Comparator &
)}
FEATURES DESCRIPTION T
e FAST RESPONSE TIME 130ns . s .
The HA-4900 series are monolithic, quad, precision compar-
® LOWOFFSET VOLTAGE 2.0mV ators offering fast response time, low offset voltage, low
e LOW OFFSET CURRENT 10nA offset current, and virtually no channel-to-channel crosstalk
for applications requiring accurate, high speed, signal level
® SINGLE OR DUAL-VOLTAGE SUPPLY detection. These comparators can sense signals at ground
OPERATION level while being operated from either a single +5 volt supply =
e SELECTABLE OUTPUT LOGIC LEVELS (digital systems) or from dual supplies (analog networks) up = %
to +15 volts. The HA-4900 series contains a unique current Sz
* ACTIVEPULL-UP/PULL-DOWN OUTPUT driven output stage which can be connected to logic system °§"5'
CIRCUIT - NO EXTERNAL RESISTORS supplies (V| ogic+ and V| ggic-) to make the output levels EE
REQUIRED directly compatible (no external components needed) with g
any standard logic or special system logic levels. In com-
APPLICATIONS hination analog/digital systems, the design employed in the

HA-4900 series input and output stages prevents trouble-
some ground coupling of signals between analog and digital
portions of the system.

© THRESHOLD DETECTOR These comparators’ combination of features makes them
e ZERO-CROSSING DETECTOR ideal componigiits for signal detection and processing in data
e WINDOW DETECTOR acquisition systems, test equipment, and microprocessor/

analog signal interface networks.
e ANALOG INTERFACES FOR MICROPROCESSORS

e HIGH STABILITY OSCILLATORS All devices are available in 16 pin dual-in-line ceramic pack-
ages. The HA-4900/4902-2 operates from -550C to +1250C
e LOGIC SYSTEM INTERFACES and the HA-4905-5 operates over a00C to +750C temp-

erature range.

PINOUTS SCHEMATIC

TOP VIEWS
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ONE FOURTH ONLY (HA-4900 SERIES)
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ABSOLUTE MAXIMUM RATINGS

Voltage Between V+ and V-
Voltage Between V| ggic(+) and V| ogic(-)

Differential Input Voltage

Peak Output Current

SPECIFICATIONS

(Note 1)

Internal Power Dissipation (Note 7, 8)

Storage Temperature Range

33V
18V

15V
150mA
20W
-650¢ < Tp <1500

ELECTRICAL CHARACTERISTICS Vv

+= +15.0V, V-= -15.0\/, V[_Ogic(+) = 5.0V, vLogic(—) =GND.

HA-4900-2 HA-4902-2 HA-4905-5
-550C to +1250C -550C to +1250C 00C to +750C
PARAMETER TEMP | MIN | TYP | MAX MIN | TYP | MAX MIN { TYP | MAX [ UNITS
INPUT CHARACTERISTICS
Offset Voltage (Note 2) 250C 2 3 2 -5 4 15 mV
Full 4 8 10 mV
Offset Current 250C 10 25 10 35 25 50 nA
Full 35 35 70 nA
Bias Current (Note 3) 250C 50 75 50 150 100 150 nA
Full 150 200 300 nA
Input Sensitivity (Note 4) 250C Vio +.3 Vio +.5 Vio +.5 mV
Full Vio +.4 Vio +.6 Vio +.7 mV
Common Mode Range Full V- V+-24( V- V+26| V- V+-2.4 v
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain 250C 400K 400K 400K ) VIV
Response Time (Tpq0) (Note 5) 250C 130 200 130 200 130 200 ns
Response Time (Tpg1) (Note 5) 250C 180 215 180 215 180 215 ns
OUTPUT CHARACTERISITICS
Output Voltage Level
Logic “Low State” (VgL) (Note 6) Full 0.2 04 0.2 04 0.2 04 v
Logic “High State” (VoH) (Note 6) |  Full 35 42 35 4.2 35 4.2 v
Output Current
ISink Full 3.0 3.0 3.0 mA
ISource Full | 3.0 3.0 3.0 mA
POWER SUPPLY CHARACTERISTICS
Supply Current, Ipg (+) 250C 6.5 12 6.5 13 7 13 mA
Supply Current , Ipg (-) 250C 4 8 4 8 5 8 mA
Supply Current, Ipg (Logic) 250C 35 6 35 6 35 6 mA
Supply Voltage Range
Viogic (+) (Note 7) Full 0 +15.0 0 +15.0 0 +15.0 v
Vi ogic {-) (Note 7) Full | -15.0 0 | -15.0 0 |-150 0 v
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NOTES:

1. Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the
circuit may be impaired. Functional operability under
any of these conditions is not necessarily implied.

2. Minimum differential input voltage required to ensure
a defined output state.

3. Input bias currents are essentially constant with differ-
ential input voltages up to 9 volts. With differential
input voltages from %9 to *15 volts, bias current on
the more negative input can rise to approximately
500 L A.

4. Rg <200 ohms; Viy < Common Mode Range. Input
sensitivity is the worst case minimum differential input
voltage required to guarantee a given output logic state.
This parameter inludes the effects of offset voltage,
offset current, common mode rejection, and voltage
gain.

5. For Tpq(1); 100mV input step, -5mV overdrive. For
Tpd(0); -100mV input step, 5mV overdrive. Freg-

8.

ency R 100Hz; Duty Cycle & 50%; Inverting input
driven. See Test Circuit below.

For VgH and VgL: ISink = ISource = 3.0mA. For
other values of V[ ggic; VOH (min.) = V| ggic +-1.5V.

Total Power Dissipation (T. P. D.) is the sum of individ-
ual dissipation contributions of V+, V- and V|qgic
shown in curves of Power Dissipation vs. Supply Volt-
ages (see Performance Curves). The calculated T. P. D.
is then located on the graph of Maximum Allowable
Package Dissipation vs. Ambient Temperature to deter-
mine ambient temperature operating limits imposed
by the calculated T. P. D. (See Performance Curves).
For instance, the combination of +15V, -15V, +5V, 0V
(V+, V-, Viogict, VLogic-) gives a T.P.D. of 350mW,
the combination +15V, -15V, 0V gives a T. P. D. of
450mW.

0iA =T750C/W
6iC = 220¢/W

RESPONSE TIME TEST CIRCUITS .

+15V

OVERDRIVE
—————— — VTH =0V
INPUT 100mV
OUTPUT 15V
FTpd(0)
T=0

Vout

Tpd(])
100mV
—————— — VTH =0V
OVERDRIVE
15V
r=Tpd(1)
T=0

For input and output voltage waveforms for various input overdrives see Performance Curves.
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PERFORMANCE CURVES

V+ =15V, V- = -15V, V| ggic(+) = 5.0V, V| ggjc(-) = OV, TA =+250C, Unless Otherwise Stated.

INPUT BIAS CURRENT, (nA)

SUPPLY CURRENT, (mA)

INPUT BIAS CURRENT vs. TEMPERATURE

INPUT OFFSET CURRENT vs. TEMPERATURE

100
80
60 § 15
a0 § 10
g s /
E] -
/|
0 -55 -25 0 25 50 75, 100 125 ° 55 25 0 25 50 75 100 125
TEMPERATURE, (°C) TEMPERATURE, (°C)
INPUT BIAS CURRENT vs. COMMON MODE INPUT VOLTAGE
(VpIFr.=0V)
80
)
% 40 N
15 12 -9 6 3 0 3 6 9 12 15
COMMON MODE INPUT VOLTAGE
SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE
FOR 15V SUPPLIES AND +5V LOGIC SUPPLY FOR SINGLE +5V OPERATION
T
V=50V
ViogIchH) =5.0v
V-=VLogIcl-) = GND
12 N
Vs =150V o~ st
Vo= 150V Vour =Hl
Y Foire| vigse-se . I
— ~ l‘ygtn =Hj
b % ] —
s : :73’ =H / ; N Ips+
ouT g p vaur=L
Ipg- 3 2
6 Vout=L 3 =
g 1 o~
= Bt
2 Ips- 2
Vout=H
IpsL
. = VouT=L N ,
{rostliv H -
0 0
E T 0 25 50 75 100 125 -50 -25 5 50 5 100 125

TEMPERATURE, (0C)

TEMPERATURE, (9C)
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PERFORMANCE CURVES (Continued)

RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES

5
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voLTS | = 2my
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OVERDRIVE = V-
DRIVE = 20mV~_ |
= 5mv-J

3 I~
i NN
/2
1

0 [

2
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TIME ns

AXIMUM POWER DISSIPATION vs. SUPPLY VOLTAGE
(NO LOAD CONDITION)

250
200 / /
v+
150 )
1
100
] N //
50 (
/ // /J !
v +
7 ;/ Logict)
10 12 0

SUPPLY VOLTAGE, (VOLTS)

SUPPLY CONNECTIONS: This device is exceptionally
versatile in working with most available power supplies.
The voltage applied to the V+and V- terminals determines
the allowable input signal range; while the voltage applied
to the V| + and V|- determines the output swing. In
systems where dual analog supplies are available, these
would be connected to V+ and V-, while the lagic supply
and return would be connected to V| ggjct+ and Vi ogic—-
The analog and logic supply commons can be connected
together at one point in the system, since the comparator
is immune to noise on the logic supply ground. A negative
output swing may be obtained by connecting V| + to
ground and V. to a negative supply. Bipolar output
swings (15V P-P, max.) may be obtained using dual sup-
plies. In systems where only a single logic supply is avail-
able (+5V to +15V), V+ and V| ggic+ may be connected
together to the positive supply while V- and V| ggic-
are grounded. If an input signal could swing negative with
respect the V- terminal, a resistor should be connected in
series with the input to limit input current to < 5mA
since the C-B junction of the input transistor would be
forward biased.

2.

APPLYING THE HA-4900 SERIES COMPARATORS

UNUSED INPUTS: Inputs of unused comparator sections
should be tied to a differential voltage source to prevent
output "chatter”.

CROSSTALK: Simultaneous high frequency operation of
all other channels in the package will not affect the output
logic state of a given channel, provided that its differential
input voltage is sufficient to define a given logic state
(AViN 2> 1VQg). Low level or high impedance input lines
should be shielded from other signal sources to reduce
crosstalk and interference.

POWER SUPPLY DECOUPLING: Decouple all power
supply lines with .01 u F ceramic capacitors to a ground
line located near the package to reduce coupling between
channnels or from external sources.

RESPONSE TIME: Fast rise time ( < 200ns) input pulses
of several volts amplitude may result in delay times some-
what longer than those illustrated for 100mV steps. Oper-
ating speed is optimized by limiting the maximum differ-
ential input voltage applied, with resistor~diode clamping
networks.
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APPLICATIONS

ANALOG
INPUTS

In this circuit the HA~4900 series is used in conjunction with a D to A converter to form a simple, versatile, multi-channel analog
input for a data acquisition system. In operation the processor first sends an address to the D to A, then the processor reads
the digital word generated by the comparator outputs.

To perform a simple comparison, the processor sets the D to A to a given reference level, then examines one or more comparator
outputs to determine if their inputs are above or below the reference. A window comparison consists of two such cycles with
2 reference levels set by the D to A. One way to digitize the inputs would be for the processor to increment the D to A in steps.
The D to A address, as each comparator switches, is the digitized level of the input. While stairstepping the D to A is slower than

ANALOG INPUT MODULE

DATA ACQUISITION SYSTEM

successive approximation, all channels are digitized during one staircase ramp.

+5.0V

vee
47K

O i

/
HA-4300

IN 914's .

1/4
HA-4900

TTL TO CMOS

PROCESSOR

Vee Q +5V to +15V

10KQ2

+5.0V

*1a
HA-4900

10K2

]

1/4
HA-4900

CMOS TO TTL

LOGIC LEVEL TRANSLATORS

The HA-4900 series comparators can beused as versatile logic interface devices as shown in the circuits
above. Negative logic devices may also be interfaced with appropriate supply connections:

If separate supplies are used for V- and V| ggjc-, these logic level translators will tolerate several volts of
ground line differential noise.

F=——===== =TT ==~ r====-=-=-"=-"=-=--7
| LATCH |
' D/A |
| rJ1 .
! INTERFACE MEMORY
o 5 11 J
| | \
!
| /L |
o 4 P — ( (
‘ ) 1
)
: COMPARATORS
o T
! | MICROPROCESSOR
1 I
° |' |
| l >_—__h INTERFACE :
| I [

e
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APPLICATIONS (Continued)

+10v

IN 4001's

RS-232 TO CMOS LINE RECEIVER
This RS-232 type line receiver to drive CMOS logic uses a
Schmitt trigger feedback network to give about 1 volt input
hysteresis for added noise immunity. A possible problem in
an interface which connects two equipments, each plugged
into a different AC receptacle, is that the power line voltage
may appear at the receiver input when the interface connect-
ion is made or broken. The two diodes and a 3 watt input
resistor will protect the inputs under these conditions.

V+
IN914 Dy R2
150K
150K
150K _\l
1
FRZTRICT

OSCILLATOR/CLOCK GENERATOR

This self-starting fixed frequency oscillator circuit gives
excellent frequency stability. Rq and Cq comprise the
frequency determining network while Rg provides the
regenerative feedback. Diode D1 enhances the stability by
compensating for the difference between Vg and Vsypply-
In applications where a precision clock generator up to
100kHz is required, such as in automatic test equipment,
C1 may be replaced by a crystal.

15V
Vee
INPUT lf"—" o
I +
H
HI REF O .
-15v
L IN WINDOW
% HA-4900 % HD-74C02
LO REF O
Lo
I -

WINDOW DETECTOR
The high switching speed, low offset current and low offset

voltage of the HA-4900 series makes this window detector-

circuit extremely well suited to applications requiring fast,
accurate, decision-making. The circuit above is ideal for
industrial process system feedback controllers or “out-
of-limit”" alarm indicators.

+15v

VoHR 4.2V

R1 R3
1002 13K

= v

SCHMITT TRIGGER (ZERO CROSSING

DETECTOR WITH HYSTERESIS)
This circuit has a 100mV hysteresis which can be used in
applications where very fast transition times are required
at the output even though the signal input is very slow.
The hysteresis loop also reduces false triggering due to noise
on the input. The waveforms below show the trip points
developed by the hysteresis loop.

VOH =

VTRIPH) {

VTRIp(-)

Input to Output Waveform
Showing Hysteresis Trip Points
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HA-5002

Monolithic, Wideband, High Slew Rate,
High Output Current Buffer

&) HARRIS
PRELIMINARY

Features

® Voltage Gain 0.995
® High Input Impedance 3000 K
e Low Output Impedance 30
e Very High Slew Rate 1300V/usec
e Very Wide Bandwidth 110MHz
e High Output Current +200mA
® Puised Output Current 400mA

® Monolithic Construction

Description

The HA-5002 is a monolithic, wideband, high slew rate,
high output current, buffer amplifier.

Utilizing the advantages of the Harris D.l. technologies,
the HA-5002 current buffer offers 1300V/usec slew rate
with 110MHz of bandwidth. The £200mA output current
capability is enhanced by a 3 ohm output impedance.

The monolithic HA-5002 will replace the hybrid LH0002
with corresponding performance increases. These char-
acteristics range from the 3000K ohm input impedance to

Applications

® Line Driver

e Data Acquisition

* 110MHz Buffer

¢ High Power Current Booster
® High Power Current Source
e Sample and Holds

® Radar Cable Driver

Video Products

the increased output voltage swing. Monolithic design
technologies have allowed a more precise buffer to be de-
veloped with more than an order of magnitude smaller
gain error.

The HA-5002 will provide many present hybrid users with
a higher degree of reliability and at the same time increase
overall circuit performance.

The HA-5002 is available in 8-pin can, 8-pin mini-dip, and
20-pin LCC packages.

Pinout
TOP VIEWS
IN
A\
Vie 1] 0s oty
v 2[] 7 V2t
‘ ! L > o).
ne 3] | 116 NC
IN 4] 15 v-

Schematic
Vi+
R8 019
(72T JE SO R S
012
K®
R10 =«
4
Jur, u RI o0uT
T T RNZ
(1]
r—K02
0152 ‘.(juiﬁ
ma\'g7 014 s T
mz{ W R2S  $AN3
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Specifications HA-5002

N
. . . o
Absolute Maximum Ratings (Note 1) Operating Temperature Range 8
Volitage Between V+ and V- pins.........cccoooiiiiis 44V Maximum Junction Temperature ... +1750C <'
Input Voltage Equal to Supplies HA-5002-2.. 550C < TA < +1250C T
Output Current Continuous =200mA  HA-5002-5..... ...00C < TA < +750C
Output Current............ccc.c..... (50ms On, 1s Off) = 400mA  Storage Temperature Range ........-650C = TA < +1500C
Internal Power Dissipation (Note 2)
TO-99 (+25°C)... LT 1W
Mini-DIP (+250C) . .. 1.87W
LCC (#250C) .ttt 1.51W
Electrical Characteristics vgyppLy = £ 12V to £ 15V, Rg = 500},R_ = 1K}, C|_ = 10pF, unless otherwise specified.
~550C to +1250C 00C to +759C
PARAMETER TEMP | miN | TYP MAX MIN TYP [ max UNITS e
sg
INPUT CHARACTERISTICS 8 g
o
Offset Voltage +250C 5 20 5 20 mv 5 e
Full 10 30 10 30 mv at
Avg. Offset Voltage Drift Full 10 10 uV/oC °eg
Bias Current +250C 2 7 2 7 uA
Full 3.4 10 2.4 10 MA
Input Resistance Full 1.5 3 15 3 MQ
Input Noise Voltage (10Hz-1MHz) +250C 4 4 uVp-p
TRANSFER CHARACTERISTICS
Voltage Gain (Note 7)
Ry = 10002 +250C 0.971 0.971 V/V
R = 1KQ +250C 0.995 0.995 V/V
RL = 1K Full 0.990 0.990 V/V
-3dB Bandwidth (Note 4) +250C 110 110 MHz
AC Current Gain +250C 40 40 A/mA
OUTPUT CHARACTERISTICS
Output Voltage Swing .
R = 1000 +250C | +10 +10.7 +10 +11.2 v
Ri = 1KQ (Note 3) Full +10 +13.5 +10 +13.9 \
RL = 1K (Note 5) Full +10 +10.5 +10 +10.5 \
Output Resistance Full 3 10 3 10 QO
Harmonic Distortion (Note 6) +250C <0.005 <0.005 %
TRANSIENT RESPONSE
Rise Time Full 12 12 ns
Rise Time +250C 3.6 3.6 ns
Propagation Delay +250C 2 2 ns
Overshoot ’ +250C | 30 30 %
Slew Rate +250C | 1.0 1.3 1.0 1.3 V/ns
Settling Time to 0.1% +259C 50 50 ns
POWER REQUIREMENTS
Supply Current +250C 8.3 8.3 mA
o . ) ) ~ Full 10 10 mA
Power Supply Rejection Ratio Full 54 54 dB
(Note 8) ’ )
NOTES: P
1. Absolute maximum- ratings are limiting values, applied individually beyond which the serviceability of the circuit may be
+ impaired. Functional operability under any of these conditions is not necessarily implied.
2. HA7- Mini-DIP tgp  80OC/W 0yc  209C/W )
HA3- Mini-DIP 6y = B0OC/W 0yc = 200C/W
HA2- TO-99 0gp = 1350C/W 6yc = 419C/W 5. VguppLy = £12V
HA4- LCC. f4a = 99°C/W tyc = 31°C/W 6. VIN - 1VRms: f = 10kHz.
3. VsyppLy - 15V 7.VouT = 10V
4 ViN - 1VRMS ) 8. AVgup = 10V
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HA-5002

Operating Instructions
Layout Considerations

The wide bandwidth of the HA-5002 necessitates that
high frequency circuit layout procedures be followed.
Failure to follow these guidelines can result in marginal
performance.

Probably the most crucial of the RF/video layout rules is
the use of a ground plane. A ground plane provides isola-
tion and minimizes distributed circuit capacitance and in-
ductance which will degrade high frequency perfor-
mance.

Other considerations are proper power supply bypassing
and keeping the input and output connections as short as
possible which minimizes distributed capacitance and re-
duces board space.

Power Supply Decoupling

For optimal device performance, it is recommended that
the positive and negative power supplies be bypassed
with capacitors to ground. Ceramic capacitors ranging in
value from 0.01 to 0.1uF will minimize high frequency vari-
ations in supply voltage, while low frequency bypassing
requires larger valued capacitors since the impedance of
the capacitor is dependent on frequency.

Itis also recommended that the bypass capacitors be con-
nected close to the HA-5002 (preferably directly to the

supply pins).

MAXIMUM
FREE AIR POWER DISIPATION

WATTS
20 1

0.8 DIP

0.4 4

P _ ijax “TA
dmax = ———————
max bjc * Oc-s * Os-a

Where: Timax = Maximum Junction Temperature of the Device
TA = Ambient

6ic = Junction to Case Thermal Resistance
0c.g = Case to Heat Sink Thermal Resistance
05.a = Heat Sink to Ambient Thermal Resistance

Test Circuits

COAXIAL CABLE DRIVER - 50() SYSTEM

+12v
Vot V+

R 500

-2V

Vour
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HA-5002

N
Test Circuits 8
LARGE AND SMALL SIGNAL RESPONSE :-;
+15V I
Ve+ o v+
Rg
IN ouT
RL
e
Ve- ov- = =5
15V S
£2
52
SMALL SIGNAL WAVEFORMS SMALL SIGNAL WAVEFORMS o
oonV 200mv 50mV 200mv
— ISR S S
//
/ ViN
Voutr
Rg = 500 ‘ Rg = 500
Ri = 1000 RL = 1KQ
LARGE SIGNAL WAVEFORMS LARGE SIGNAL WAVEFORMS
VIN
Vout
Rg = 500 Rg = 500
RL = 1KQ RL = 1KQ
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Q0 HARRIS

HA-5033

Video Buffer
FEATURES DESCRIPTION
® DIFFERENTIAL PHASE ERROR 0.10
e DIFFERENTIAL GAIN ERROR 0.1% The HA-5033 is a unity gain monolithic 1. C. designed for any
S application requiring a fast, wideband buffer. Featuring a band-
o HIGHSLEW RATE (£15V) 1300V jus width of 250MHz and outstanding differential phase/gain
e WIDEBANDWIDTH (SMALL SIGNAL) 250MHz characteristics, this high performance voltage follower is an
e WIDE POWER BANDWIDTH DC to 65MHz excellent choice for video circuit design. Other features, which
include a minimum slew rate of 1000V/us and high output
® FAST RISE TIME
Sns drive capability, make the HA-5033 applicable for line driver
® HIGH OUTPUT DRIVE £ 10V WITH 10022 LOAD and high speed data conversion circuits.
o WIDEPOWER SUPPLY RANGE 5V TOX16V
o REPLACE COSTLY HYBRIDS The high performance of this product is a result of the Harris
Dielectric Isolation process. A major feature of this process
is that it produces both PNP and NPN high frequency transis-
APPLICATIONS tors which makes wide bandwidth designs, such as the HA-
5033, practical. Alternative process methods tybically produce
e VIDEO BUFFER PNP transistors of lower frequency response, which results in
o HIGH FREQUENCY BUFFER alower AC performance. :
® ISOLATION BUFFER The HA-5033 is available in a 12 pin (T0-8) metal can or an
o HIGH SPEED LINE DRIVER 8 pin epoxy mini-dip. The HA-5033-2 is specified over the mil-
e IMPEDANCE MATCHING itary temperature range of -550C to +1250C. The HA-5033-5
e CURRENT BOOSTERS is specified over the commercial temperature range of 00C to
+750C.
e HIGH SPEED A/D INPUT BUFFERS
PINOUTS SCHEMATIC
TOP VIEWS
R2 R12
V+ E E ouT Q6 Qa1
ne [2 [7]ne a
e a7 R11
ne [3] : 6] sussTRaTE vin e Vour
- a8 R10
N 5] v- e 2
as a9
METAL CAN PACKAGE . MINI-DIP
R1 R13
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SPECIFICATIONS

™
™
ABSOLUTE MAXIMUM RATINGS (Note 1) 8
1
Voltage Between V+and V- pins 40V Maximum Junction Temperature 2000C ;
Input Voltage Equal to Supplies Operating Temperature Range HA-5033-2 -550C<TA<+1250C
Output Current (Peak) +200mA HA-5033-5 00C<TA<+750C
Internal Power Dissipation (Note 2) Storage Temperature Range -650C<TA<+1500C
T0-8 (+259C) 1.75W
Mini-dip (+250C) 1.95W
ELECTRICAL CHARACTERISTICS VvsyppLy =112V, Rg =508, R| = 10082, C| = 10pF, unless otherwise specified.
-550C TO +1250C 00C TO +750C
PARAMETER TEMP | MIN | TYP [ MAX | MIN | TYP [ MAX [ uNITS gg
o2
INPUT CHARACTERISTICS z;
= o
<
Offset Voltage +250C 5 15 5 | 15 mV 32
Full 6 25 6 25 mV o
Average Offset Voltage Drift Full 33 33 uv/oc
Bias Current +250C 20 35 20 35 MA
Full 30 50 30 50 uA
Input Resistance +250C 1.5 1.5 MQ
Input Capacitance +250C 1.6 1.6 pF
Input ®oise Voltage (Note 3) +250C 20 20 uVp-p
TRANSFER CHARACTERISTICS
Voltage Gain R =100 +250C .93 93 VIV
RL=1KQ +250C .99 99 VIV
RL=100Q Full 92 .92 VIV
-3dB Bandwidth +250C . 250 250 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing
RL=100Q Full *10 +10 Vv
) RL = 1K (Note 4) Full mn m \"
Output Current +250C 100 +100 mA
Output Resistance +250C 5 5 Q
Full Power Bandwidth (Note 5) +250C 65 65 MHz
TRANSIENT RESPONSE
Rise Time (Note 6) +250C 3 3 ns
Propagation Delay +250C 1 1 ns
Overshoot +250C 10 10 %
Slew Rate (Note 7) +250C 1.0 1.3 1.0 1.3 V/ns
Settling Time to .1% +250¢C 50 50 ns
Differential Phase Error N +250C A A degrees
Differential Gain Error | (VO 8) | 150¢ 1 1 %
POWER REQUIREMENTS
Supply Current +250C 21 25 21 25 mA
Full 21 30 21 30 mA
Power Supply Rejection Ratio Full 54 54 dB
Harmonic Distortion (Note 9) +250C <0.1 <01 %
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NOTES

1. Absolute maximum ratings are limiting values, applied
individually beyond which the serviceability of the circuit
may be impaired. Functional operability under any of
these conditions is not necessarily implied.

2. T0-8: 6ja=990C/W, Q¢ =310C/W
Recommended Heat Sinks for the T0-8:
Thermalloy 2240A, 6ga = 270C/W
IERC Up-T08-48CB, fga =100C/W
Mini-dip: 6ja = 900C/W  @,¢ = 270C/W

3. 10Hzto TMHz

4, *VgyppLy £15V.

5. Vg=1VRMmS, RL = 1KQ

6. Vp=500mV

7. #VgyppLy =*15V,Vg=£10V, R = 1KQ2.

8. Differential gain and phase error are non-linear signal
distortions found in video systems and are defined as
follows:

Differential Gain error is defined as the change in amp-
litude at the color subcarrier frequency as the picture
signal is varied from blanking to white level.

Differential Phase error is defined as the change in the
phase of the color subcarrier as the picture signal is varied
from blanking to white level.

Differential gain and phase error were too small to be
measured with a Tektronix 520A NTSC Vector Scope.

9. VIN=1VRMmS

OPERATING INSTRUCTIONS

LAYOUT CONSIDERATIONS

The wide bandwidth of the HA-5033 necessitates that high fre-
quency circuit layout procedures be followed. Failure to follow
these guidelines can result in marginal performance.

Probably the most crucial of the RF/video layout rules is the
use of a ground plane. A ground plane provides isolation and
minimizes distributed circuit capacitance and inductance which
will degrade high frequency performance. This ground plane
shielding can also incorporate the metal case of the HA-5033
since pin # 2 is internally tied to the package. This feature
allows the user to make metal to metal contact between the
ground plane and the package, which extends shielding, provides
additional heat sinking and eliminates the use of a socket, IC
sockets contribute inter-lead capacitance which limits device
bandwidth and should be avoided.

For the epoxy mini-dip, pin 6 can be tied to either supply,
grounded, or simply not used. But to optimize device per-

formance and improve isolation, it is recommended that this
pin be grounded.

Other considerations are proper power supply bypassing and
keeping the input and output connections as short as possible
which minimizes distributed capacitance and reduces board
space.

POWER SUPPLY DECOUPLING

For optimum device performance, it is recommended that the
positive and negative power supplies be bypassed with capacitors
to ground. Ceramic capacitors ranging in value from .01 to
.1 uF will minimize high frequency variations in supply voltage.
Solid tantalum capacitors 1uF or larger will optimize low fre-
quency performance.

It is also recommended that the bypass capacitors be connected
close to the HA-5033 (preferably directly to the supply pins).
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TEST CIRCUITS

SLEW RATE AND SETTLING TIME

ouT

]

i
OuTPUT | ERROR BAND
| 10mv FROM
I | FINAL VALUE

H 'RATE=|

1 I v/aT |

SETTLING TIME

TRANSIENT RESPONSE

+12v

OUTPUT
10% NOTE: MEASURED ON BOTH POSITIVE
— AND NEGATIVE TRANSITIONS.

RISE TIME

+10V RESPONSE
TA = 250C, Rg = 5082, R = 10052

; T

VIN

ov
VouTt

ov

+10V RESPONSE
TA = 25°C, Rg = 5082, R = 1KQ2

ViN

ov

Vou

+0.5V PULSE RESPONSE
Ta = 25°C, Rg = 50§2, R = 10052

ViN

ov
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TYPICAL APPLICATIONS

VIN

VIN

Vout VouTt

POSITIVE PULSE RESPONSE NEGATIVE PULSE RESPONSE
Ta = +250C L. Ta=+25°C
Rg = 5002 Rg = 5082
Rm = Ry = 502 Rm = R = 5082
v0=v|N( )=1/2V|N VO='VIN( )= 1/2 VIN
RL + Rm R +Rm

VIDEO

1002

APPLICATION 2. VIDEO GAIN BLOCK
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PERFORMANCE CURVES

SLEW RATE (V/us)

INPUT OFFSET VOLTAGE VS. TEMPERATURE
VS. SUPPLY VOLTAGE

8.0

7.0
> A
E 60 I
£ 6 — -
[} — L ¢
< 50 -
5 '/
1) /
> a0 //‘ D
-
£ 30
w 7
o

20

1.

-80 40 ) +40

TEMPERATURE (oC)

SUPPLY CURRENT VS. TEMPERATURE VS.

SUPPLY VOLTAGE

30
<
£ 8
= 20 c
g D
o«
3
3
> 10 A: V+=4+15V V-=-15V
2 B:
] C: V+#=+10V V-=-10V
7] D: V+=45V V-=-5C

-55 -25 +25 +75 +125
TEMPERATURE (oC)

SLEW RATE VS. LOAD CAPACITANCE (R = 1KQ?)

2400
2200
2000 tv=t15v —

1800 RL = 1KQ
1600 \ TA = +250C
1400 AN

ViN=t10v
1200

. \\\ FALL

800 ~INC

600 RISE

400 N

200

) 100 1000 5000
CAPACITANCE (pF)

10,000

SLEW RATE (V/us)

INPUT BIAS CURRENT VS.
TEMPERATURE VS. SUPPLY VOLTAGE

2: ® \\
&
g 20 \ \‘ D
o c
: \%g
B Al V=418V V-=-15V
20 B: V+=+12V
z C: V+=+10V
D: V+=+45V
0
55 25 +25 +75 +125
TEMPERATURE (0C)
SLEW RATE VS. TEMPERATURE
3000
+v = $15V
VIN = £10V

FALL (RL = 1KQ)
2000

I I
FALL (RL = 1009)
RISE (RL = 1K$2)
RISE (RL = 10082}

1000

SLEW RATE (V/us)

-65 -25 25 75 125
TEMPERATURE (0C)

SLEW RATE VS. LOAD CAPACITANCE (Ry = 100%2)

1400
1300 %
1200 v =157 —|
1100 AN RL=1000 _ |
AN Vin - 210y

1000 IN = £10V ——

900 — N\ .

N

800

700 N\ FALL

600 -

Ris| N\

500

400 = \i\

300 ~

200

100 ~=

) 100 1000 5000 10,000
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PERFORMANCE CURVES (Continued)

PHASE ANGLE - DEGREES

OUTPUT-INPUT VQs (mV)

8

-0 8 6 4 -2 0 +2

QUTPUT/INPUT VQs (mV)

GAIN ERROR VS. INPUT VOLTAGE

I
RL = 1K |

RL = 10KS

—
%
.

e

RL=1

tv=115vV
TA = +250C 7]
4 +6
INPUT VOLTAGE (VOLTS)

+8 +10

GAIN ERROR VS.TEMPERATURE

2
3

]
S

g

RL=1KQ

8

@
=3

»
S

+V =415V
Vo = t10vV

3

+25 +75 +125

TEMPERATURE (oC)

Y—-PARAMETERS
PHASE VS. FREQUENCY

’\
r\—~~ N

N
N

Y22

S~ )

Y12

107 108
FREQUENCY - Hz

Vin - Vout mV

GAIN ERROR VS. INPUT VOLTAGE

e 17
RL =500
700 L=
_71
500
s 4
£ 300 / 1/
3 / 7R1_=1)0!2
Z 10
2 0
Z -100 4
5 RL=1002 T /]
2 -300
E 4
o_aw .. /’
V // 1V = 415V
700 Ta =250C
RL = 500 I l
-s00 L}
10 8 6 4 -2 0 2 4 6 8 10
INPUT VOLTAGE (VOLTS)
VIN-VouT VS. lout
||
Vs=#15 TA=+250C
7 Vour =-10
S
600 P! VouT = +10
/ VouT = 0 SINKING
el
o / vwo::::;:;
//’/’ QT CURRENT
A A
300
v
200 /|
///
100 -
A
P 10 200 30 40 50 60 70 80 90 100
loyt - mA
Y-PARAMETER

MAGNITUDE VS. FREQUENCY.

FY21.Y22 1
10-1
G 12
&
22
= 10-2 =
a —FFH =
- 21
=]
=1
E
Z 10-3] ==
Q =
b4 S
- Z
7
104
EY113 =
T
FY12 T 1
1
106 107 108 109
FREQUENCY Hz
*SIEMENS = Q-1
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PERFORMANCE CURVES (Continued)

o
POWER SUPPLY REJECTION RATIO VS. FREQUENCY TOTAL HARMONIC DISTORTION VS, FREQUENCY 8
- g 10 ul',
z 00
5 xv=|:1zv 2 o8 ety <
s 60 Ta=+250C | § 07 ‘3:.N_=11°3§1MS——— I
E 2 06
g %0 ~J g o
3 04
o R 2
o <
o] T 02
T3 \\\ 2 m
] ~ o
& ~ =
S 2 100 1K 10K 100K
a2 N FREQUENCY (Hz)
%10
OUTPUT VOLTAGE SWING VS. LOAD RESISTANCE

1K 10K 100K ™ 10M VS. SUPPLY VOLTAGE
FREQUENCY (Hz)

_ a b
3 =2
3 28 A =3
> |t oW
o~
‘LMD 24 =Q
g B =
TOTAL HARMONIC DISTORTION VS. 'g' 20 I % %
RMS INPUT VOLTAGE £ A ¢ S
2
1.0 g 7/
3 12
¥
< .
£ o
° T TA=250C |A v = -1V
: 4 / B: -V =-12v |
- % c: v =-10v
g u D v=-5v
g 0 100 200 300 400 500 600 700 800 800 1K
N LOAD RESISTANCE (OHMS)
I
7
o
o OUTPUT SWING VS. FREQUENCY*
Z
g 6.0 .
H v = +12y g \ +V = 115V
- % 5. - ]
E RL = 1009 g™ \ RL = 10092
<0 £ s ¥ VO = 6VAMS —
5 & 45 NO HEAT SINK ——|
= 2 40 IN FREE AIR
53
g 5
2 30
2 25 i
2 20
o
15 AN
0 1 2 3 10 AN
INPUT VOLTAGE (RMS}. 5 \
5 ~
10K 100K ™ oM 100M 1G

MAXIMUM POWER DISSIPATION VS. FREQUENCY (rz)

AMBIENT TEMPERATURE
24 OUTPUT SWING VS. FREQUENCY*
32
30 60 T
2.8 55 \ V=415V
g 26 50 RL = 1KQ _‘
S 24 B \ Vo =6VRMS
z = 45 —
S 22 z & \ NO HEAT SINK
720 2 a0 IN FREE AR —]
§ 18 ] § 35 \\
-
o 11'2 I~ MINI-DIP 5 30
£ 15 — NO HEAT SINK 2 25 \\
z I =
3 10 > 20
= 8 T0-8CAN | E s \
6 0 HEAT SINK —{ 3 N\
2 1.0 AN
2 5 ~C
[
0 15 25 35 45 55 65 75 85 95 105 115 125 10K 100K ™ 10M 100M 16
AMBIENT TEMPERATURE (oC) FREQUENCY (Hz)

*This curve was obtained by noting the output voltage necessary to produce an observable distortion for a given frequency. If higher
_distortion is acceptable, then a higher output voltage for a given frequency can be obtained.

However, operating the HA-5033 with increased distortion (to the right of curve shown), will also be accompanied by an increase
in supply current. The resulting increase in chip temperature must be considered and heat sinking will be necessary to prevent thermal
runaway. :

This characteristic is the result of the output transistor operation. If the signal amplitude or signal frequency or both are increased
beyond the curve shown, the NPN, PNP output transistors will approach a condition of being simultaneously on. Under this condition,
thermal runaway can occur.
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@ rarmis HA-5101/5111

ADVANCE

Low Noise, High Performance
Operational Amplifiers

Features
® Low Noise
¢ Wide Bandwidth

3.5nV/V'Hz at 1KHz
10MHz (Comp.)
60MHz (Uncomp.)
10V/us (Comp.)
30V/us (Uncomp.)

High Slew Rate
\

¢ Low Offset Voltage Drift 3uv/oC
¢ High Gain 6 x 106v/v
¢ High CMRR/PSRR 100dB
e High Output Drive Capability ........cccceevurnreiinncnnnin 30mA
Description

The HA-5101/5111 are dielectrically isolated operational
amplifiers featuring low noise and high performance.
Both amplifiers have an excellent noise voltage density of
3.5nV/V'Hz at 1KHz. The uncompensated HA-5111 is sta-
ble at a minimum gain of ten and has the same DC specifi-
cations as the unity gain stable HA-5101. The difference
in compensation yields a 60MHz gain-bandwidth product
and a 30V/us slew rate for the HA-5111 versus a 10MHz
unity gain bandwidth and a 10V/us slew rate for the
HA-5101. i :

DC characteristics of the HA-5101/5111 assure accurate
performance. The 1mV offset voltage is externally adjust-
able and offset voltage drift is just 3uV/O0C. An offset cur-
rent of only 30nA reduces input current errors and an
open loop voltage gain of 6 x 106V/V increases loop gain
for low distortion amplification.

Applications

¢ High Quality Audio Preampilifiers
e High Q Active Filters

® Low Noise Function Generators
* Low Distortion Oscillators

e Low Noise Comparators

The HA-5101/5111 are ideal for audio applications, espe-
cially low-level signal amplifiers such as microphone,
tape head, and phono cartridge preamplifiers. Addition-
ally, it is well suited for low distortion oscillators, low
noise function generators, and high Q filters.

The HA-5101/5111-2 has guaranteed operation from
-550C to +1250C and can be ordered as a military grade
part (HA-5101/5111-8). The HA-5101/5111-5 has guaran-
teed operation from 00C to 750C. All devices are available
in ceramic mini DIP and TO-99 can packages. Addition-
ally, the HA-5101/5111-8 is available in a 20 pin LCC
package and the HA-5101/5111-5 is available in a plastic
mini DIP package.

Pinouts
TOP VIEWS

Schematic

5s0

RIS

f—o
ouTPUT
RITA

* HA-5101 NC/HA-5111 Compensation

=0
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D HARRIS HA-5102/04/12/14 :
o
Low Noise High
PRELIMINARY ~ Performance g
Operational Amplifiers 3
o
-
FEATURES DESCRIPTION 3
Low noise and high performance are key words describing I
® LOWNOISE 4.3nVAHz HA-5102/04/12/14. These general purpose amplifiers offer
an array of dynamic specifications ranging from 3V/us slew
® WIDE BANDWIDTH 8MHz (CUM:-’ rate and 8MHz bandwidth (5102/04) to 20V/us slew rate and
60MHz (UNCOMP.) §0MHz gain-bandwidth-product (HA-5112/14). Complement-
ing th tstandi ters i | i ificati
® HIGH SLEW RATE | 3Vus (COMP) :)r;g4 39:\«3/7\;n_z_a:t ullil;;arame ers is a very low noise specification -
: 20V/us (UNCOMP.) ' ’ £2
o>
Fabricated using the Harris standard high frequency process, o
® LOWOFFSET VOLTAGE 0.5mv these operational amplifiers also offer excellent input spec- %é
ifications such as 0.5mV offset voltage and 30nA offset current. at
® SINGLE SUPPLY OPERATION Complementing these specifications are 108dB open loop gain °8

and 108dB channel separation., Consuming a very modest
amount of power (90mW/package for duals and 150mW/pack-
age for quads), HA-5102/04/12/14 also provide the flexibility
of operating from a single +5V supply.

® AVAILABLE IN DUALS OR QUADS

APPLICATIONS

This impressive combination of features make this series of
amplifiers ideally suited for designs ranging from audio amp-
lifiers and active filters to the most demanding signal condi-
® AUDIO AMPLIFIERS tioning and instrumentation circuits.

® HIGH Q, ACTIVE FILTERS

These operational amplifiers are available in dual or quad form
with industry standard pinouts allowing for immediate inter-
changeability with most other dual and quad operational amp-

® INSTRUMENTATION AMPLIFIERS

® [INTEGRATORS

lifiers.
HA-5112 Dual, Uncompensated
HA-5104 Quad, Compensated
HA-5114 Quad, Uncompensated
PINOUTS TOP VIEWS
]
BUTE 3V0
E 7 |our LY
N V} E E V-
{E B}m 1 Inputs E E Inputs.
i Lz
0;' F ‘TJ u;x
HA-5102/12 HA-5104/14
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless Otherwise Stated Power Dissipation (Note 4) 880mW
Voltage Between V+ and V- Terminals 40.0V Operating Temperature Range
Differential Input Voltage 7V HA-5102/5104/5112/5114-2 -650C<Tp<+1250C
Input Voltage (Note 2) +15.0V HA-5102/5104/5112/5114-5 00C<Tp<+750C
Output Short Circuit Duration (Note 3) Indefinite Storage Temperature Range -650C <Ta <+1500C
ELECTRICAL CHARACTERISTICS
V+=15VDC; V-=-15VDC
HA-5102-2 HA-5104-2 HA-5102-5 HA-5104-5
HA-5112-2 HA-5114-2 HA-5112-5 HA-5114-5
-550C to +1250C | -550C to +1250C 00C to +750C 00C to +750C
PARAMETER TEMP | MIN | TYP|MAX [ MIN | TYP |MAX |MIN| TYP |[MAX |MIN | TYP [MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 05| 2.0 05 |25 05 |20 05| 25 mV
Full 25 3.0 25 30 | mv
Offset Voltage Average Drift Full 3 | 3 3 3 \’uV/OC
Bias Current +250C 130 | 200 130 {200 130 | 200 130 | 200 nA
Full 325 325 325 325 nA
Offset Current +250C 30| 75 30 [ 75 30 |75 30 | 75 nA
Full 125 125 125 125 nA
Input Resistance +250C 500 500 500 500 k2
Common Mode Range Full | 212 112 112 +12 Vv
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 5) t250C
Full | 100K |250K 100K 250K 100K | 250K 100K 250K VIV
Common Mode Rejection Ratio (Note 6) Full 86 86 86 86 dB
Small Signal Bandwidth +250C .
HA-5102/5104 8 8 8 8 MHz
Gain Bandwidth Product +250C
HA-5112/5114 Ay = 10 60 60 60 60 MHz
Channel Separation (Note 7) +250C 108 108 108 108 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (R = 10K) Full +12 [+13 +12 | £13 12| #13 12 | £13 v
(R = 2K) Full | £10 | +12 +10 | £12 110 | £12 110 | 12 Vv
Output Current (Note 8) Full | £10 [ %15 +10 | £15 +10 | £15 +10 | 15 mA
Full Power Bandwidth
(Note 9) HA-5102/5104 +250C 50 50 50 50 kHz
HA-5112/5114 +250C 250 250 250 250 kHz
Output Resistance +250C 110 110 110 110 Q
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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS
V+=15VDC; V-=-15VDC

HA-5102-2 HA-5104-2 HA-5102-5 HA-5104-5
HA-5112-2 HA-5114-2 HA-5112-5 HA-5114-5
-550C to +1250C | -550C to +1250C | 00C to +750C 00C to +750C
PARAMETER TEMP | MIN| TYP|MAX | MIN | TYP [MAX [ MIN | TYP| MAX| MIN | TYP |MAX| UNITS

TRANSIENT RESPONSE (Note 10)
Rise time

HA-5102/5104 +250C 50 [ 100 50 | 100 50 | 100 50 | 100 ns

HA-5112/5114 +250C 38| 60 38 | 60 38 | 60 38 | 60 ns
Overshoot

HA-5102/5104 +250C 20| 35 20 | 35 20 | 35 20 | 35 %

HA-5112/5114 +250C 30 | 40 30 | 40 30 | 40 30 | 40 %
Slew Rate

HA-5102/5104 +250C | #1 | 3 | +3 1| 3 i |13 V/us

HA-5112/5114 +250C | +12 | +20 +12 | 20 12 | 120 12 120 Vius
Settling Time (Note 11)

HA-5102/5104 +250C 45 45 45 45 s

HA-5112/5114 +250C 0.6 0.6 0.6 0.6 us
NOISE CHARACTERISTICS
Input Noise Voltage +250C N

f=10Hz 17 17 17 17 nV/\/Hz

f=1KHz 43 43 43 43 nVi/Hz
Input Noise Current +250C

f=10Hz 5.1 5.1 5.1 5.1 pAIVHZ

f= 1KHz 57 51 51 57 pA/VHz
Broadband Noise Voltage +250C

f=DC to -30KHz 870 870 870 870 nVrms
POWER SUPPLY CHARACTERISTICS
Supply Current

HA-5102/5112 +250C 30| 5.0 30| 5.0 30| 5.0 3.0 |50 mA

HA-5104/5114 +250C 50( 65 50 | 65 50 | 6.5 50 | 6.5 mA
Power Supply Rejection Ratio Full 86 86 86 86 dB

(Note 6)

2-131

HA-5102/04/12/14

s
e o
==
o>
W
o =
=8
<
a =
[SX=]
o




NOTES:

1. Absolute maximum ratings are limiting values, applied in-
dividually, beyond which the serviceability of the circuit may
be impaired. Functional operability under any of these con-
ditions is not necessarily implied.

2. For supply voltages < +15V, the absolute maximum input
voltage is equal to the supply voltage.

3. Any one amplifier may be shorted to ground indefinitely.
4. Derate 5.8mW/OC above TA = +250C.

5. VouT=%10V,RL=2K .

6. V=150V,

7. Channel separation value is refferred to the input of the amp-

lifier. Input test conditions are: f = 10kHz; Vjy = 200mV
peak to peak; Rg = 1KS2. (Refer to Channel Separation vs.
Frequency Curve for test circuits.)

8. Output current is measured with VoyT = £5V.

9. Full power bandwidth is guaranteed by equation:
Full power bandwidth = Slew Rate

271V Peak
10. Refer to Test Circuits section of the data sheet.

11. Setting time is measured to 0.1% of final value for a 1 volt
input step, and Ay = -10 for HA-5112/5114 and 0.1% of
final value for a 10 volt input step, Ay = -1 for HA-5102/
5104.

2K
2
IN O-AWAVA—4
TOOUT
50pF
1K I
LARGE SIGNAL 3
RESPONSE 3 I
CIRCUIT 3 ov
(Volts: V/Div., 3 ]
Time: 5us/Div.) 3
HA-5102/5104 [ E
/ \ w
LARGE AND SMALL
SIGNAL RESPONSE CIRCUIT
HA-5112/5114
N INPUT A

—l—o out HiH , Pt

A

4 50pF
fl”
[18

OUTPUT B

SMALL SIGNAL SUTeUT
RESPONSE
CIRCUIT
(Volts: 10mV/Div,,  [NPUT] \¥
Time: 50ns/Div.) ]
HA-5102/5104 i
ov
ov A N
OUTPUT B
T
INPUT
\ o A i N
N 3 ov
3 \ ~

L VOLTS: InputA: .5V/Div., Output B: 5V/Div.

TIME: 500ns/Div.

VOLTS: InputA: .01V/Div., Output B: 50mV/Div.
TIME: 50ns/Div,

SETTLING TIME CIRCUIT

+15V

50
Lo

Ovour

OSCILLOSCOPE

® Ay =-1. (HA-5102/5104), *Ay = -10 (HA-5112/5114)
® Feedback and summing resistors should be 0.1%
@ Clipping diodes are optional HP5082-2810 recommended.
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D Harris HA-5130/35

Precision
Operational Amplifier

FEATURES

LOW OFFSET VOLTAGE

LOW OFFSET VOLTAGE DRIFT
LOW NOISE

OPEN LOOP GAIN

BANDWIDTH (UNITY GAIN)
ALL BIPOLAR CONSTRUCTION

APPLICATIONS

® HIGH GAIN INSTRUMENTATION
PRECISION DATA ACQUISITION
PRECISION INTEGRATORS
BIOMEDICAL AMPLIFIERS
PRECISION THRESHOLD DETECTORS

10uv
0.4uV/oC
9nV/,/ Hz
107
2.5MHz

DESCRIPTION

HA-5130/5135 are precision operational amplifiers manufactured using a
combination of key technological advancements to provide outstanding
input characteristics.

A Super Beta input stage is combined with laser trimming, dielectric isola-
tion, and matching techniques to produce 25uV (Max.) input offset volt-
age and 0.4u V/OC input offset voltage average drift. Other features
enhanced by this process include 9nV (Typ.) Input Noise Voltage, 1nA
Input Bias Current, and 140dB Open Loop Gain.

These features coupled with 120dB CMRR and PSRR make HA-5130/
5135 an ideal device for precision DC instrumentation amplifiers. Excel-
lent input characteristics in conjunction with 2.6MHz bandwidth and
0.8V/u s slew rate, makes this amplifier extremely useful for precision
integrator and biomedical amplifier designs. These amplifiers are also
well suited for precision data acquisition and for accurate threshold de-
tector applications.

HA-5130/35 is packaged in an 8 pin (T0-99) can and an 8 lead Cerdip
and is pin compatible with many existing op amp configurations. The
HA-5135 is also available in a 20 pin LCC.

HA-5130/5135-2 is specified for -550C to +1250C operation while
HA-5130/5135-5 operate from 00C to +750C.

PINOUTS

TOP VIEWS

(BOTH BAL 1 PINS ARE INTERNALLY CONNECTED)

outpuT
—o0

SCHEMATIC
poace § 3
IR U ReH]
LIRS hlRHeS
:1‘,,\. & %gm L@:Km

¢ mey
RP18 A a1s
i oo 11

R15

s/
J

N Vg
¥
SR
EU
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless otherwise stated

Power Dissipation (Note 2)

300mwW

Voltage Between V+and V- Terminals 40.0v Operating Temperature Range
Differential Input Voltage +£15.0V HA-5130/5135-2 -550C <TAS +1250C
HA-5130/5135-5 00c<TAL +750C
Output Short Circuit Duration Indefinite Storage Temperature Range -650C < Ta < +1500C
ELECTRICAL CHARACTERISTICS V+ =15V, V-=-15V
HA-5130-2/-5 HA-5135-2/-5
PARAMETER TEMP. MIN. l TYP. I MAX. MIN. | TYP. | MAX. UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 10 25 0 | 75 uv
Full 50 60 50 130 uv
Average Offset Voltage Drift Full 0.4 0.6 0.4 13 uv/oc
Bias Current +250C h | +2 pa | hay! nA
Full 4 6 nA
Bias Current Average Drift Full 0.02 0.04 0.02 0.04 nA/oC
Offset Current +250C 2 4 nA
Full 4 5.5 nA
Offset Current Average Drift Full 0.02 0.04 0.02 0.04 nA/oC
Common Mode Range Full 12 *12 v
Differential Input Resistance +250C 20 30 20 30 MQ
Input Noise Voltage +250C 0.6 06 MVp-p
0.1Hz to 10Hz (Note 3)
Input Noise Voltage Density (Note 3) +250C nV/\/FE
fg = 10Hz 13.0 18.0 13.0 18.0
fo=100Hz 10.0 13.0 10.0 13.0
fo = 1000Hz 9.0 1.0 9.0 11.0
Input Noise Current (Note 3) +250C 15 30 15 30 PApp
0.1Hz to 10Hz
Input Noise Current Density (Note 3) +250C pA/\ﬂi_z
fg = 10Hz 0.4 0.8 04 0.8
f0 = 100Hz 0.17 0.23 017 | 023
f0 = 1000Hz 0.14 0.17 0.14 | 017
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4) +250C 120 140 120 140 dB
Full 120 120 dB
Common Mode Rejection Ratio (Note 5) Full 110 120 106 120 dB
Closed Loop Bandwidth (Aygp =+1) +250C 0.6 25 0.6 25 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6) +250C 10 +12 10 | 12 Vv
Full 10 10 v
Full Power Bandwidth (Note 7) +250C 8 10 8 10 kHz
Output Current (Note 8) +250C 115 120 15 20 mA
Output Resistance (Note 9) +250C 45 45 Q
TRANSIENT RESPONSE (Note 10)
Rise Time +250C 340 340 ns
Slew Rate +250C 0.5 0.8 0.5 08 Vius
Settling Time (Note 11) +250C 1" 1" s
POWER SUPPLY CHARACTERISTICS
Supply Current Full 1.0 1.3 1.0 1.7 mA
Power Supply Rejection Ratio (Note 12) Full 100 130 94 130 dB
NOTES:

1. Absolute maximum ratings are limiting values, applied individually 7.

beyond which the serviceability of the circuit may be impaired.
Functional operability under any of these conditions is not
necessarily implied.

R = 2k; Full power bandwidth guaranteed based on slew rate

measurement using FPBW =

SLEW RATE
2w VPEAK

HA-5130/35

OPAMP COMP.
CONTROL FUNCT.

8. Voyr =10V
2. Derate at 6.8mW/OC for operation atambient temp.s above +750C. X .
i 9. Output resistance measured under open loop conditions
3. Not tested. 90% of units meet or exceed these specifications. (f = 100H2)
4. Vour=110V; R =2k G.ai;‘;:]i; 2‘1[‘)"0%1\?/’\‘\’7“99 10. Refer to test circuits section of the data sheet.
l-t;UdB - 1[—]‘000\//[“']\1/ 11. Settling time is measured to 0.1% of final value for a 10V output
5. Vgm =10V DC step and Ay = -1.
6. R =6005 12. Vsypp =215V DCto 120V DC.
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TEST CIRCUITS

SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT

IN +
J-_ @ out
100pF
ané I p
SMALL SIGNAL RESPONSE LARGE SIGNAL RESPONSE
Vertical Scale: (Volts: 50mV/Div. Output) Vertical Scale: (Volts: 5V/Div.)
(Volts: 100mV/Div. Input) Horizontal Scale: (Time: 5us/Div.)

Horizontal Scale: (Time: 1us/Div.)

E3 ¥
INPUT i ov =
¥ N kS
"H'H'fﬁ HHHHHHHHH T HH INPUT MHHHHHHTHHHHHHEHH
v ¥ < T
i 3 AN
OUTPUT ov OUTPUT E
¥ E
SETTLING TIME CIRCUIT
+15V
p
2N4416
TO
OSCILLOSCOPE
e Ay=-1.
® Feedback and summing
resistors should be 0,1%.

o Clipping diodes are optional.
HP5082-28 10 recommended.
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PERFORMANCE CURVES
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HA-5130 OFFSET VOLTAGE
STABILITY vs. TIME INPUT NOISE vs. FREQUENCY
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PERFORMANCE CURVES (Continued)

CLOSED LOOP FREQUENCY RESPONSE
FOR VARIOUS CLOSED LOOP GAINS

80
70 AN
z 60 AN
N\
] 1
N ]
S 10 N ]
o .
10 ANl
1 10 100 1K 10K 100K 1M 10M

FREQUENCY Hz

OUTPUT VOLTAGE SWING vs.
FREQUENCY AND SUPPLY VOLTAGE

35

I
VSuPPLY = ¥20V
30 —q

}
VSUPPLY 7 £16V RL=2K
2

\

20 - VsupPLY = ¥10V

10 = VsyppLY =15V

\
\
\
\
\

100 1K 10K 100K ™
FREQUENCY, Hz

OUTPUT VOLTAGE SWING VOLTS P-P

SMALL SIGNAL BANDWIDTH AND
PHASE MARGIN vs. LOAD CAPACITANCE

600
500 26
z o~ PHASE MARGIN
g w
<
= \
§ 300 N 25
I \ BANDWIDTH
z
N
100 \\\ 24
2.35

[
10 100 1000 10,000
LOAD CAPACITANCE-pF

MAXIMUM OUTPUT VOLTAGE SWING vs.
LOAD RESISTANCE AND SUPPLY VOLTAGE

25 yi

[ VsuppLY = *15V
20

/, 7
/, VSUPPLY =10V
10

: / ;

7
VSUPIPLY =15V

OUTPUT VOLTAGE SWING-VOLTS P-P
&

K 10K
LOAD RESISTANCE-OHMS

NORMALIZED AC PARAMETERS
vs. SUPPLY VOLTAGE

BANDWI

°

o
©

4
o

RATE

e
N

e
o

NORMALIZED AC PARAMETERS
REFERRED TO VALUE AT 15V

12 4 18 +10 #12 14 116 118 +20

\SUPPLY VOLTAGE - VOLTS

UNITY BANDWIDTH-MHz
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PERFORMANCE CURVES (Continued)

CMRR vs. FREQUENCY

120 \\
100
o
2 &0
<
3
H
3 &0
N
40 \
20
“1 10 100 1K 10K 100K

FREQUENCY-Hz

SETTLING TIME FOR VARIOUS
OUTPUT STEP VOLTAGES

10mV

A 1mvl

<
5 \‘j ~ '™
10mv |~

4 6 8 10
SETTLING TIME- s

OUTPUT VOLTAGE STEP-
VOLTS FROM 0 VOLTS
)

’
&
=)

o
~

12 14 16

PSRR vs. FREQUENCY

\\
100

PSRR (dB)

01 10 100 1K 10K 100K
FREQUENCY Hz

POWER SUPPLY CURRENT vs.
TEMPERATURE AND SUPPLY VOLTAGE
.4 T
Vs=+20V ° l ‘
< .2 At vg - +1sv
E :1.0_%_
& Vs =+10V
E M vg-sv
3
y 8
+2
_oso -40 [\] +40 +80 +120 +160
TEMPERATURE 0C

POWER SUPPLY DECOUPLING: Although not absolutely
necessary, it is recommended that all power supply lines
be decoupled with .01u F ceramic capacitors to ground.
Decoupling capacitors should be located as near to the
amplifier terminals as possible.

CONSIDERATIONS FOR PROTOTYPING: The following

list of recommendations are suggested for prototyping.

® Resolving low level signals requires minimizing leakage
currents caused by external circuitry. Use of quality
insulating materials, thorough cleaning of insulating
surfaces, and implementation of moisture barriers
when required is suggested.

® Error voltages generated by theromocouples formed
between dissimilar metals in the presence of temp-
erature gradients should be minimized. Isolation of
low level circuitry from heat generating components
is recommended.

o Shielded cable input leads, guard rings, and shield
drivers are recommended for the most critical ap-
plications. ‘

APPLYING THE HA-5130/5135 OPERATIONAL AMPLIFIERS

When driving large capacitive loads ( > 500pF), as small
value resistor (R2502) should be connected in series with
the output and inside the feedback loop.

OFFSET VOLTAGE ADJUSTMENT: A 20 K2 balance
potentiometer is recommended if offset nulling is required.
However, other potentiometer values such as 10K$2, 50K<2,
and 100KS2 may be used. The minimum adjustment
range for given values is£2mV.

SATURATION RECOVERY: Input and output satura-
tion recovery time is negligible in most applications. How-
ever, care should be exercised to avoid exceeding the
ahsolute maximum ratings of the device.

DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted
with back-to-back diodes for overvoltage protection.
In applications where differential input voltages in excess
of IV are applied between the inputs, the use of limiting
resistors at the inputs is recommended.
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APPLICATIONS

OFFSET NULLING CONNECTIONS

| OPTIONAL
| CONNECTION

* Although Rp is shown equal to 20k, other values such
as 50k, 100k, and 1M may be used. Range of adjust-
ment is approximately £25mV. Vos TC of. the
amplifier is optimized at minimal VQos.

PRECISION INTEGRATOR

The excellent input and gain characteristics of HA-
5130 are well suited for precision integrator applica-
tions, Accurate integration over seven decades of
frequency using HA-5130, virtually nullifies the need
for more expensive chopper-type amplifiers.

ZERO CROSSING DETECTOR

ouTPUT
+13v
20045/DIV. \

INPUT L HY
+5mv
200us/DIV.

F
F
F
3

e -oee I

LASRERARE IRARARARAR- RS AASAS

L~

Iy FTY

Low Vg coupled with high open loop Gain, high
CMRR, and high PSRR make HA-5130 ideally
suited for pr | pplicati

* OPTIONAL FOR
OUTPUT SWING
LIMITING

PRECISION INSTRUMENTATION AMPLIFIER (Ay = 100)




o HARRIS

HA-5134

<
™
-
u?
ADVANCED Precision Quad <
. i I
Operational Amplifier
Features Applications
* Low Offset Voltage Typ 25uV ¢ Instrumentation Amplifiers
® Low Offset Voltage Drift..........ccccvsurieruruennn Max 5uV/0C e State-Variable Filters
e Offset Voltage Match ... Full Temp. Max 250uV e Precision Integrators
* High Channel Separation 120dB ¢ Threshold Detectors
® Low Noise 7nV/\/Hz e Precision Data Acquisition Systems
® Wider Bandwidth 4MHz e Low-Level Transducer Amplifiers '
* High CMRR/PSRR 120dB =5
¢ Dielectric Isolation S2
as -
. . = 8
Description =k
°8

The HA-5134 is a precision quad operational amplifier
that is pin compatible with the LT1014, OP11, RM4156,
and LM148 as well as the HA-4741. Each amplifier fea-
tures guaranteed maximum values for offset voltage of
250uV, offset voltage drift of 5uV/OC, and offset current of
25nA over the full military temperature range while
CMRR/PSRR is guaranteed greater than 94dB and AyoL
is guaranteed above 250K V/V from -550C to +1250C.

Precision performance of the HA-5134 is enhanced by a
noise voltage density of 7nV/\/m at 1KHz, noise current
density of 2pA/\/Hz at 1KHz and channel separation of
120dB. Each unity-gain stable quad amplifier is fabricated
using the dielectric isolation process to assure perfor-
mance in the most demanding applications.

The HA-5134 is ideal for compact circuits such as instru-
mentation amplifiers, state-variable filters, and low-level
transducer amplifiers. Other applications include preci-
sion data acquisition, precision integrators, and accurate
threshold detectors in designs where board space is a
limitation.

The HA-5134-2 has guaranteed operation from -550C to
+1250C and can be ordered as a military grade part
(HA-5134-8). The HA-5134-5 is guaranteed from 00C to
+750C and all devices are available in ceramic dual-in-line
packages. The HA-5134-8 isalsoavailable in a 20 pin lead-
less chip carrier (LCC) package.

Pinouts

TOP VIEWS

Schematic

[

INPUTS 2 13 INPUTS
: ’

wh v

vee
N24

2 3
o :
out out
G GE

ouTPyUT

(2

-0
VEE
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@ HARRIS HA-5141/42/44

Ultra-Low Power
Operational Amplifiers

Features Applications

® Low Supply Current 45uA/AMP e Portable Instruments
® Wide Operating Voltage Range...........ccccervunrues 2V to 3V o Meter Amplifiers

e Single or Dual Supply Operation e Telephone Headsets

e High Slew Rate 1.5V/us ¢ Microphone Amplifiers
e High Gain 100kV/V ¢ [nstrumentation

e Unity Gain Stable

“A” Suffix Devices Combine the Above Characteristics
with Percision Input Specifications

e Available in Singles, Duals and Quads
Description

The HA-5141/42/44 ultra-low power operational am- slew rate and a 400kHz bandwidth make the HA-
plifiers provide AC and DC performance characteristics = 5141/42/44 ideal for use in low power instrumentation,
similar to or better than most general purpose amplifiers  audio amplifier and active filter designs. The wide range
while only drawing 1/30 of the supply current of mést  of supply voltages (2V to 30V) also allow these amplifiers
general purpose amplifiers. These amplifiers are well to be very useful in low voltage battery powered
suited to applications which require low power dissipa- equipment.

tion and good electrical characteristics.

These amplifiers are available in singles (HA-5141, can or
The HA-5141/42/44 provides accurate signal processing  Mini-Dip), duals (HA-5142, Can Mini-Dip or 20 pin LCC)
by virtue of their low input offset voltage (0.5mV), low " or quads (HA-5144, 14 pin Dip or 20 pin LCC) with in-
input bias current (45nA), high open loop gain (100kV/V)  dustry standards pinouts which allow the HA-5141
and low _noise, for low power operational amplifiers /5142/5144’s to be interchangeable with most other oper-
(20nV/ \/-H_z). These characteristics coupled with a 1.5/us  ational amplifiers.

TOP VIEWS

IN-1 QUT1  OUT4 ING

N2 0UT2  OUT3 IN3

ouT |1 gl
INPUTS 1 E]:{ﬁ Q:":E INPUTS 4
g o

V‘E

ks
INPUTS 2 E E INPUTS 3
{E}% ﬁi]{zl}
ouT2 E

8 ouT3

HA-5141 HA-5142 . HA-5144
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Specifications HA-5141/42/44

<
ABSOLUTE MAXIMUM RATINGS (Note 1) E
$
Voltage Between V+ and V- Terminals 40V Operating Temperature Range 00C<Tp<+750C -
Differential Input Voltage v -550C<T7<+1250C sr_
Output Current S/C Protected Storage Temperature Range -650 <Tp <+1500C ll?
Internal Power Dissipation 500mW <
I
ELECTRICAL CHARACTERISTICS v+=5V,V-=0V
HA-5141/42/44A -2 or -5 | HA-5141/42/44 -2 or -5
PARAMETER TEMP. MIN TYP [ MAX MIN TYP | MAX UNITS
INPUT CHARACTERISTICS g '\'3
2
Offset Voltage (Note 12) +250C 05 2 2 6 mV (=
o W
Full 5 8 mv o
Average Offset Voltage Drift Full 3 3 w/oc ZE
Bias Current +250C 5 | 75 45 | 100 | oA 53
Full 100 125 nA ©
Offset Current +250C 0.3 10 03 10 nA
Full 15 20 nA
Common Mode Range +250C | Otod 0to3.5 v
Full Oto4d O0to3 v
Differential Input Resistance +250C 0.6 19
Input Noise Voltage (f = 1kHz) +250C 20 20 nV//Hz
Input Noise Current (f = 1kHz) +250C 0.25 0.25 pA/\/Hz
TRANSFER CHARACTERISTICS )
Large Signal Voitage Gain (Notes 2,10) +250C 50K 100K 20K | 100K A%
Full 30K 15K VIV
Common Mode Rejection Ratio(Note 8) Full 80 77 dB
Closed Loop Bandwidth (Notes 2,3) +250C 105 105 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2) +250C | O0to4d 0t03.5 '
Full Power Bandwidth (Note 4) +250C 60 45 kHz
Output Current (Note 5) Source +250C +3 +3 mA .
Sink -0.8 -0.8 mA
TRANSIENT RESPONSE (Note 7)
Rise Time (Notes 2,3) +250C 600 600 ns
Slew Rate (Notes 2,3) +250C 1 15 0.5 1 Vius
Settling Time (Note 6) +250C 10 10 us
POWER SUPPLY CHARACTERISTICS
Supply Current per Amplifier +250C 45 65 50 80 MA
Full 75 100 MA
Power Supply Rejection Ratio (Note 11) Full 80 105 n 106 dB
NOTES:
1. Absolute maximum ratings are limiting values, 6. Settling Time is measured to 0.1% of final value for
applied individually beyond which the serviceability a3V output step and Ay = -1.
of the circuit may be impaired. Functional oper- 7. Maximum input slew rate = 10V/ us
ability under any of these conditions is not necess-
arily implied. 8.'V¢gm=0Vto3.5V
2. RL=50kQ 9. VouT =200mVpp
3. Cp="500f 10. VouT = 1.0V to 3.5V NON “A”, 0.7V to 4.0V for
4. RL = 50kS§2 ; Full Power Bandwidth guaranteed “A" version.
based on Slew Bate mgasusrle:;’eata::ing: 11, +Vg =45V to +15V
FPBW =3n 8
27T Vpeak 12. Vg=14v
5. Vg =+3.5V (Source), +1.5V (Sink)
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HA-5141/42/44

TEST CIRCUITS

SLEW RATE AND TRANSIENT RESPONSE
TEST CIRCUIT

-Qout

50k
50pF

1
T

SMALL SIGNAL RESPONSE

LARGE SIGNAL RESPONSE
(Volts: Input= 100mV/Div.)

(Volts: Input =5V/Div.)
(Volts: Output= 2V/Div.) (Volts: Output=50mV/Div.)
Horizontal Scale: (Time: 2us/Div.) Horizontal Scale: (Time: 2ys/Div.)

Vertical Scale: Vertical Scale:

INPUT
INPUT
OUTPUT OUTPUT
+VSUPPLY = +15V, -VSUPPLY = -15V +VSUPPLY = +15V; -VSUPPLY = -15V

Vertical Scale: (Valts: Input = 2V/Div.) Vertical Scale: (Volts: Input=100mV/Div.)

(Volts: Output=1V/Div.) (Volts: Output=50mV/Div.)
Horizontal Scale: (Time: 5us/Div.) Horizontal Scale: (Time: 5us/Div.)

INPUT
INPUT
OUTPUT

OUTPUT

+VSUPPLY = +5V, -VSUPPLY = OV +VSUPPLY = +5V, -VSUPPLY = 0V
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HA-5141/42/44

PERFORMANCE CURVES

Vg =125V, Tp = +250C Unless Otherwise Stated

OPEN LOOP FREQUENCY RESPONSE
INPUT OFFSET CURRENT AND BIAS

10 CURRENT VS. TEMPERATURE
9% 70
'? GAIN !T!!!!!! %
z % X - INPUT BIAS CURRENT
3 = 20
Y 50 H <
< 40 T
g = o3 :8
g 2 - INPUT OFFSET CURRENT =8
& 19 ] a
0 10
-toL L L] L Ll ,
1 10 100 10K -60 <40 -20 20 40 60 80 100 120
FREQUENCY — Hz TEMPERATURE — oC
BANDWIDTH AND PHASE MARGIN NORMALIZED AC PARAMETERS VS.
VS. LOAD CAPACITANCE SUPPLY VOLTAGE
100 TTTT 16 gLfgok‘S} |
BANDWIDTH N 04 gE nap e ~
7| PHASE MARGIN “5 g St
z N ™~ ] gﬁ 1.2
8 600 \\ S~ 0_3§ €3 y L1 BANDWIDTH
g ~ N £ g3 1o
4 NG 2 ol /{
£° N> E Ng o8
a \r__ E gg ) /
2 013 gu o /
2c
04
wm 100 1000 1 2 13 t4 15 6 £7 g 19 *10
LOAD CAPACITANCE — pF SUPPLY VOLTAGE — VOLTS
OUTPUT VOLTAGE SWING VS.
FREQUENCY AND SINGLE SUPPLY
VOLTAGE
1 S NORMALIZED AC PARAMETERS VS.
-5 et TEMPERATURE
12
; 12 Ry =50k
210 VSUPPLY = +10V W8 €. = 50pF
> N £/ 44
o F\\ Eg STH SLEW zﬁ o
: . ———
g \\ 25 A —
2 \ ge 1L
é VSupPLY = +5 \k gg 08
- 4 EE
E VSlIJPPLL=!+3!V A \§ Y]
° e NG s
VSUPPLY = 12,5V N 20 < ; e 1
, | T \*w 60 40 20 -10 TEMPEZI:ATU‘I?E—:: 0 100 120
K 10K 100K M

FREQUENCY — Hz
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HA-5141/42/44

‘PERFORMANCE CURVES (continued)

MAXIMUM OUTPUT VOLTAGE SWING
VS. LOAD RESISTANCE AND SINGLE

INPUT NOISE VS. FREQUENCY

SUPPLY VOLTAGE

INPUT NOISE VOLTAGE — nV/,/Hz

PSSR, CMRR — dB

E

11

t——t—t—t
VsupPLY =+20V | |

=

10

b
3 3
< >
Eﬁ 1000 |
NG i 5 g
it g g VSUPPLY = +10V 1+
s H noise voLTaGE § @ / 1
~, o Q 8
i [T H 2
=== === i NOISE CURRENT: 00 2 3
2 > 6
fir § § q VsuppLY = +5V
2 E 4
< =) L 11
o /’ VSUPPLY = +3V
lil 10 ) y.
1 10 K 10K 100K
FREQUENCY — Hz A
100 K 10K

PSRR AND CMRR VS. FREQUENCY

LOAD RESISTANCE — OHMS

POWER SUPPLY CURRENT VS.

TEMPERATURE AND SINGLE SUPPLY

VOLTAGE
N A I T
N
. M < Vs = +30V L
1 T
= =+8V
S T e
@
£ —— o
80 ! e ] 1 _—Ts
§ 2 5 ]
™ Dl g
N an CMRR \\1 5w
w v
w l * £ s ~
q N 3
N 4 e v //
q % vg=+2
a [
™ El I
1\ @ ol="1
0 e S S
10 00 1K 10K 100K ™ -60 -40 -20 20 40 60 80 100 120 140

FREQUENCY — Hz

TEMPERATURE —°C

CHANNEL SEPARATION VS. FREQUENCY

-140
Y
-120
~
@ “‘m.
S -100
z 100K ~~ed
S TH
5 e 1KQ
g v Vo
@ 60— 1KQ
5 -
g L 10k CS 720106 [ Vo2
H 100 Vo1
< aopb——o K2
5}
J Vo2
20— | 1K
100 . 1K 10K 100K

FREQUENCY —Hz

0K
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o HARRIS
PRELIMINARY

HA-5147

Ultra-Low Noise Precision High Slew Rate

Wideband Operational Amplifiers

Features

® High Speed 35V/us
e Wide Gain Bandwidth 120 MHz
® Low Noise 3 nV/V Hzat1KHz
* Low Vpg 10uVv
e High CMRR 126 dB
e High Gain 1800V/mV
Description

The HA-5147 monolithic operational amplifier features an
unparalleled combination of precision DC and wideband
high speed characteristics. Utilizing the Harris D. 1. tech-
nology and advanced processing techniques, this unique
design unites low noise (3 nV/V Hz) precision instrumen-
tation performance with high speed (35V/us) wideband
capability.

This amplifier’s impressive list of features include low
Vos (10 uV), wide gain-bandwidth (120 MHz), high open
loop gain (1800V/mV), and high CMRR (126dB).
Additionally, this flexible device operates over a wide
supply range (£5V to £20V) while consuming only
140 mW of power.

Applications

¢ High Speed Signal Conditioners

e Wide Bandwidth Instrumentation Ampilifiers
e Low Level Transducer Amplifiers

e Fast, Low Level Voltage Comparators

e Highest Quality Audio Preamplifiers

e Pulse/RF Amplifiers

Using the HA-5147 allows designers to minimize errors
while maximizing speed and bandwidth in applications
requiring gains greater than ten.

This device is ideally suited for low level transducer signal
amplifier circuits. Other applications which can utilize the
HA-5147’s qualities include instrumentation amplifiers,
pulse or RF amplifiers, audio preamplifiers, and signal
conditioning circuits.

This device can easily be used as a design enhancement
by directly replacing the 725, OP25, OP06, OP07, OP27
and OP37 where gains are greater than ten. The HA-5147
is available in TO-99 metal can, both epoxy and ceramic
8 pin mini-DIPs, as well as 20 pin LCC packages.

Pinouts Schematic
TOP VIEWS -
5 j acance a?_ $
g o ERER
BALANCE n n BALANCE 5:.1;: ]‘ { L] ]
SN ul} ve j\nm_(“‘i u;ug_ o«
+N[3] f6]out Jw Jnm an
v-[4] [s]nc R S— ows e
fomr
" A gum J

sussTAATE
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Specifications HA-5147

N~
<
. . . F
Absolute Maximum Ratings (Note 1) Operating Temperature Ranges: o
TA = +250C Unless Otherwise Stated HA-5147"-2,8 ...cccovcrunnr ... =550C < TA < +1250C g
Voltage Between V+.and V- Terminals ... HA-5147 -5 ... ... 00C =TA <+750C I
Differential Input Voltage (Note 2) ... Storage Temperature Range ..... =650C < TA < +1500C
Internal Power Dissipation .......... .. 500 mW
Output Short Circuit Duration ... Indefinite
Electrical Characteristics Vv+ = 15V, V- = =15V, C < 10pF, Rs = 100()
HA-5147A HA-5147
PARAMETER TEMP MIN ‘] TYP ] MAX MIN | TYP ‘ MAX| UNITS
INPUT CHARACTERISTICS .
a ke
Offset Voltage +250C 10 25 30 100 uv g %’
Full 30 60 70 300 uv o
Average Offset Voltage Drift Full 0.2 0.6 0.4 1.8 uv/oc E =
Bias Current +250C £10 +40 +15 +80 nA : E
Full +20 | +60 +35 | +150 | nA °3
Offset Current +250C 7 35 12 75 nA
Full 15 50 30 135 nA
Common Mode Range Full 10.3 1.5 103 15 \
Differential Input Resistance (Note 3) +250C 15 6 0.8 4 MQ
Input Noise Voltage +250C 0.08 18 0.09 025 | wVp-p
0.1 Hz to 10 Hz (Note 4)
Input Noise Voltage Density (Note 5) +250C nV/\/Hz
fg =10 Hz 35 5.5 38 8.0
fo =30 Hz 3.1 4.5 3.3 5.6
fo = 1000 Hz 3.0 3.8 3.2 45
Input Noise Current Density (Note 5) +250C pA//l-_Iz
fo = 10 Hz 1.7 4.0 17
fo =30 Hz 1.0 23 10
fo = 1000 Hz 0.4 0.6 04 0.6
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 6) +250C 1000 1800 700 1500 V/mV
Full 600 1200 300 800 V/mV
Common Mode Rejection Ratio (Note 7) Full 114 126 100 120 dB
Gain Bandwidth Product fg = 10 kHz +250C 120 140 120 140 MHz
(Note 3) fo=1MHz +250C 120 120 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing R = 600 Q +250C +10.0 +11.5 +10.0 +11.5 Vv
RL=2KQ Fuli +11.7 138 | +11.4 13.5 Vv
Full Power Bandwidth (Note 8) +250C 445 500 445 500 kHz
Output Resistance,Open Loop +250C 70 70 Q
TRANSIENT RESPONSE (Note 9)
Rise Time +250C 22 50 22 50 ns
Slew Rate (Note 11) +250C 28 35 28 35 V/us
Setting Time (Note 10) +250C 400 400 ns
Overshoot +250C 20 40 20 40 %
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 35 35 mA
Full 4.0 4.0 mA
Power Supply Rejection Ratio (Note 12) Full 2 4 16 51 uv/V
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HA-5147

NOTES:

o o &

Absolute maximum ratings are limiting values, applied individually,
beyond which the serviceability of the circuit may be impaired.
Functional operability under any of these conditions is not necessarily
implied.

For differential input voltages greater than 0.7V, the input current must
be limited to 25 mA to protect the back-to-back input diodes.

This parameter value is based upon design calculations.
Refer to Typical Performance section of the data sheet.
Sample }ested.

VouT = £10V, R =2K O

© N

Vem = 210V
Full power bandwidth guaranteed based on slew rate measurement
using: FPBW = oW Rate

2m VpEAK

Refer to Test Circuits section of the data sheet.

. Settling time is specified to 0.1% of final value fora 10V output step and

Av = -10.

. Vour = 10V Step
| Vg = 4V to 18V

Test Circuits

LARGE AND SMALL SIGNAL RESPONSE

TEST CIRCUIT

m O

LARGE SIGNAL RESPONSE

Vertical Scale:

(Volts: Input = 0.5V/Div.)
(Volts: Output = 5V/Div.)
Horizontal Scale: (Time: 500ns/Div)

SMALL SIGNAL RESPONSE

Vertical Scale:

(Volts: Input = 10mV/Div)
(Volts: Output = 100mV/Div)
Horizontal Scale: (Time: 100ns)
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HA-5147

Test Circuits (continued)

HA-5147

SETTLING TIME TEST CIRCUIT

+15V

2N4415

T0
0SCILLOSCOPE

® AV=-10

Feedback and summing
resistors should be 0.1%
Clipping diodes are optional.
HP5082-2810 recommended.

S
ao
£
32
o=
=sQ
o«
<E
a. =z
(=N
o

SUGGESTED OFFSET VOLTAGE ADJUSTMENT

\V+

* Offset adjustment range is
approximately =4mV.

SUGGESTED STABILITY CIRCUITS

+— WA AAA

K1

Low resistances are preferred for low noise applications as a 1K(} resistor
has 4 nV\/I'_'lz of thermal noise. Total resistances of greater than 10KQ on
either input can reduce stability. In most high resistance applications, a
few picofarads of capacitance across the feedback resistor will improve
stability.

2-151



HA-5147

Typical Performance
0.1 Hz TO 10 Hz NOISE TEST CIRCUIT
0.1,F
i1
11
100KQ2
—W—1
100
l vVV w SCOPE
= x1

-~ VOLTAGE GAIN
= =50,000

NOTE: All capacitor values are for non-polarized capacitors only.

0.1 Hz TO 10 Hz NOISE

VOLTAGE NOISE VERSUS FREQUENCY

'u T Ty
9 |Tp=25C !
8 | vg=H+15v
7
—~ 6
=
< 5 N N
P KNI
w \| ‘-..'
o 3 \\ \
= N
w y
2 ™ 1/f CORNER = 2.7 Hz
jr
2 2
>
1
1 10 100 1000

FREQUENCY (Hz)
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@ HARRIS HA-5151/52/54

<
n
~
N
Q
PRELIMINARY Low Power =
Operational Amplifiers &
<
Features Applications T
® Low Supply Current.......covrerrceunsnens < 200uA/Amplifier e Portable Instuments
e Dual Supply Voltage Range..........ceueuneeenn +1V to £15V e Meter Amplifiers
® Single Supply Voltage Range...........ccccorveuuene. 2V to 30V e Telephone Headsets
¢ Full Power Bandwidth 80KHz e Microphone Amplifiers
® Low VQsg Drift 3uV/9C e Remote Sensor/Transmitter
* Low Noise 15nV/VHz e Battery Powered Equipment

e Dielectric Isolation
Description

The HA-5151/52/54 series is a group of dielectrically
isolated bipolar amplifiers designed to provide excellent
AC performance while drawing less than 200uA of supply
current per amplifier. These unity gain stable amplifiers
are especially well suited for portable and lightweight
equipment where available power is limited.

The HA-5151/52/54 series combines superior low power
AC performance with DC precision not usually found in
general purpose amplifiers. The DC performance is cen-
tered around low input offset voltage (0.5mV), low offset
voltage drift (3uV/0C), and low input bias current (70nA).
This is combined with a very low input noise voltage of
15nV/VHz at 1KHz.

The AC performance of the HA-5151/52/54 series
surpasses that of typical low power amplifiers with 4.5V/
usec slew rate and a full power bandwidth of 80KHz. This

makes the HA-5151/52/54 series an excellent choice for
virtually all audio processing applications as well as re-
mote sensor/transmitter designs requiring both low
power and high speed. The suitability of the HA-5151-
/52/54 series for remote and low power operation is
further enhanced by the wide range of supply voltages
(£1V to £15V) as well as single supply operation (2V to
30V).

These amplifiers are available in singles (HA-5151, can or
mini-dip), duals (HA-5152, can, mini-dip or 20 pin LCC) or
quads (HA-5154, 14 pin dip or 20 pin LCC), as well as over
both the commercial (00C to +750C) and military (-550C
to +1250C) temperature ranges. These amplifiers also
carry industry standard pinouts which allow the
HA-5151/52/54's to be interchangeable with most other
operational amplifiers.

Pinouts

v-[Js

HA-5151

OUT[ out1 E 3 ouTs
f i
N+ E 3 s E 19

HA-5152

TOP VIEWS

IN2 0UTZ  QUT3 IN3

5 o
P
a2 s

. HA5154
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Specifications HA-5151/52/54

Absolute Maximum Ratings (Note 1)

Voltage Between V+ and V- Terminals...
Differential Input Voltage
OQutput Current......cccccceee.
Internal Power Dissipation

Electrical Characteristics v+ = 15V, V- = -15V, Rg = 100(}, C|_ < 10pF unless otherwise specified.

Operating Temperature Range

HA-5151/52/54-5 ....

HA-5151/52/54-2 ....
Storage Temp. Range

00C < Tp < +750C
550C < Ta < +1250C
850C < T < +1500C

-550C < Tp < +1250C 00C < Tp = +750C
PARAMETER TEMP MIN ] TYP I MAX MIN ] TYP I MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 0.5 2 2 3 mv
Full 3 4 mV
Average Offset Voltage Drift Full 3 3 uV/9C
Bias Current +250C 70 150 70 150 nA
Full 250 250 nA
Offset Current +250C 10 30 10 30 nA
Fult 50 50 nA
Common Mode Rangé Full +10 +10 \Y
Differential Input Resistance +250C 15 15 me) .
Input Noise Voltage (f = 1kHz) +250C 14.8 148 nVAHz
Input Noise Current (f = 1kHz) +250C 0.25 025 pA/JHz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 2, 4) +250C 50K 100K 50K 100K V/V
Full 25K 50K 25K 50K V/V
Common Mode Rejection Ratio (Note 7) Full 80 105 80 105 dB
Bandwidth (Notes 2, 3) +250C 13 1.3 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2) Full +10 +10 \"
Full Power Bandwidth (Note 2, 4, 8) +250C 80 80 kHz
Output Current +250C +3 +3 mA
TRANSIENT RESPONSE (Notes 2, 3)
Rise Time +250C 300 300 ns
Slew Rate (Note 6) +250C 2 4.5 2 45 Vus
Settling Time (Note 5) +250C 5 5 us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 200 250 200 250 | uA/Amp
Full 275 275 | uA/Amp
Power Supply Rejection Ratio (Note 9) Full 80 105 80 105 dB
NOTES: .
1. Absolute maximum ratings are limiting values, applied individually 6. Maximum input slew rate = 30V/usec.
beyond which the serviceability of the circuit may be impaired. 7.V Y
Functional operability under any of these conditions is not neces- - YCm ’
sarily implied. 8. Full Power Bandwidth is guaranteed by equation:
2. R = 10k Full Power Bandwidth = Slew Rate
3. Ci = 100pF 2 m V Peak
4. Vg = £10V 9. AVg = 5V.
5. Settling Time is specified to 0.1% of final value for a 10V output

step and Ay = -1.
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HA-5151/52/54

. OUTPUT

Test Circuits
SLEW RATE AND TRANSIENT

RESPONSE TEST CIRCUIT

IN
O 0T
10k
I 100pF
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPQNSE

Vertical Scale: (Volts: Input = 5V/Div.) Vertical Scale: (Volts: Input = 100mV/Div.)

(Volts: Output = 2V/Div.) (Volts: Output = 50mV/Div.)
Horizontal Scale: (Time: 5us/Div.) Horizontal Scale: (Time: 5us/Div.)

INPUT

INPUT

+VSuppLY = +15V, -VSyppLY = -15V +VSyPPLY = +15, -VgyppLy = -15V

Vertical Scale:  (Volts: Input = 1V/Div.) Vertical Scale:  (Volts: Input = 100mV/Div.)
(Volts: Output = 1V/Div.) (Volts: Output = 50mV/Div.)
Horizontal Scale:(Time: 5us/Div.) Horizontal Scale: (Time: 5us/Div.)

INPUT INPUT

OUTPUT

+USyppLY = +5V, -VsyppLyY = OV +UsyppLY = +5V, -VgyppLy = OV
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HA-5151/52/54

Schematic

B

7K

TR

AN

-

LN

~EeL

-0 +V

[ a0 OUTPUT

-0 -V
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|
Harris HA-5160/62 :
S
Wideband, JFET Input &
High Slew Rate, Uncompensated [,
Operational Amplifier
I
FEATURES DESCRIPTION
The HA-5160/5162 is a wideband, uncompensated, operational amplifier
® WIDE GAIN MH '
BECAIREARBWIDTH 100MHz manufactured with FET/Bipolar technologies and dielectric isolation. This
e HIGH SLEW RATE 120V/us monolithic amplifier features superior high frequency capabilities further
enhanced by precision laser trimming of the input stage to provide excel-
® SETTLING TIME (0.2%) 280ns ent input characteristics. This device has excellent phase margin at a closed
® POWER BANDWIDTH 1000kHz loop gain of 10 without external compensation. -
a
® OFFSET VOLTAGE 1.0mV The I-!A—5160/5162 offers a number of important advant.ages over simi.lar g%
FET input op amps from other manufacturers. In addition to superior ok
® BIAS CURRENT 20pA bandwidth and settling characteristics, the HARRIS devices have nearly 5 ]
constant slew rate, bandwidth, and settling characteristics over the operating § E
temperature range. This provides the user predictable performance in °eg

applications where settling time, full power bandwidth, closed loop band-
width, or phase shift is critical. Note also that HARRIS specified all para-

APPLICATIONS meters at ambient (rather than junction) temperature to provide the designer
meaningful data to predict actual operating performance.

® VIDEO AND RF AMPLIFIERS Complementing the HA-5160/5162's predictable and excellent dynamic

® DATA ACQUISITION characteristics are \{ery low input offset voltage, ven{ Iuvy input bias current,
and extremely high input impedance. This ideal combination of features make
® PULSE AMPLIFIERS these amplifiers most suitable for precision, high speed, data acquisition

system designs and for a wide variety of signal conditioning applications.*
The HA-5160 provides excellent performance for applications which require
both precision and high speed perfornance. The HA-5162 meets or exceeds
the performance specifications of National’s hybrid op amp, the LH0062.

* -2 denotes a range of ~550C to +1250C and -5 denotes a 00C to +750C
range.

PINOUT SCHEMATIC

® PRECISION SIGNAL GENERATION

; L :

COMPENSATION F S 1 S P P 7 >
53‘ T

N7 71

P26

TOP VIEW o | | |
%was 086 |pa3) e 17, N B
Rs‘g{ {cCOMP{ N29
1003 R101
51 °Vvourt
1023 R102
P30

Case connected to V-
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Voltage Between V+and V- 40v
Differential Input Voltage t40v
Peak OQutput Current Full Short Circuit Protection
Internal Power Dissipation (Note 2) 675mW
Storage Temperature Range -650C to +1500C

ELECTRICAL CHARACTERISTICS  V+=+15V,V-=-15V

HA-5160-2 HA-5160-5 HA-5162-5
-550C to +1250C 00C to +750C 00C to 750C
PARAMETER TEMP MIN TYP I MAX MIN | TYP l MAX MIN MAX | TYP UNITS
INPUT CHARACTERISTICS
*QOffset Voltage +250C 1.0 3.0 1.0 3.0 3 15 mV
Full 3.0 5.0 3.0 5.0 5 20 mvV
Offset Voltage Average Drift Full 10 20 20 35 uv/joc
*Bias Current +250C 20 50 20 50 20 65 pA
! Full 5 10 10 10 nA
*0ffset Current +250C 2 10 2 10 2 10 pA
Full 2 5 2 5 2 5 nA
Input Resistance +250C 1012 1012 1012 Q
Common Mode Range Full 10| £n 10 £ 10| 11 v
TRANSFER CHARACTERISTICS
*Large Signal Voltage Gain (Note 3) +250C 75K 150K 75K | 150K 25K | 100K VIV
Full 60K 100K 60K | 100K 25K 75K VIV
*Common Mode Rejection Ratio (Note 4) Full 74 80 74 80 70 80 dB
Gain Bandwidth Product (Ay = 10) Full 100 100 100 MHz
OUTPUT CHARACTERISTICS
*Cutput Voltage Swing (Note 5) +250C 10| £n X10] £n 10| 11 Y
Full 10 n 10| tn 10 i \")
*Qutput Current (Note 6) +250C 215 | 122 15| 222 15 | +22 mA
Full Power Bandwidth (Note 7) +250C 1000 1000 1000 kHz
Output Resistance (Note 8) +250C 50 50 50 Q
TRANSIENT RESPONSE (Note 9)
Rise Time (Ay = 10) +250C 20 20 20 ns
Slew Rate (Ay = 10) +250C 100 120 100 120 50 70 V/us
Settling Time (Note 10) +250C 280 280 400 ns
POWER SUPPLY CHARACTERISTICS
*Supply Current Full 8.0 10 8.0 10 8.0 12 mA
*Power Supply Rejection Ratio (Note 11) +250C 74 86 74 86 70 86 dB
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N
NOTES: . . - . 6. Vour =0V Q
1. Absolute maximum ratings are limiting values, applied individ- . (=)
ually, beyond which the serviceability of the circuit may be 7. RL = 2k; Full power bandwidth guaranteed, based on slew ©
impaired. Functional operability under any of these conditions rate measurement using FPBW = SLEW RATE. E
is not necessarily implied. 27TVPEAK <|
2. Derate at 6.8mW/OC for operation at ambient temperatures 8. Output resistance measured under open loop conditions. T
above +750C. 9. Refer to Test Circuits section of the data sheet.
3. Vour =%10V. R =2k 10. Settling Time is measured to 0.2% of final value for a 10 volt
4. vem = X10v DC. output step and Ay = 10.
5. RL= 2k 11. Vgypp =10 V.D.C. to £20V DC..

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE CIRCUIT

OPAMP COMP.
CONTROL FUNCT.

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A= 0.5V/Div., B=5V/Div.) Vertical Scale: (Volts: A= 10mV/Div., B=100mV/Div.)
Horizontal Scale: (Time: 500ns/Div.) Horizontal Scale: (Time: 100ns/Div.)
NEE: i ‘
1 ov )
OUTPUT B ’ £2 OUTPUTB o ov
: ov 3
INPUT A ¥ INPUT A £ ov
SETTLING TIME CIRCUIT
l +15Vv
x = T0
SN4416 OSCILLOSCOPE
500 5k
—v VAV
+15V L e Ay =-10
= ® Feedback and summing
+ resistors should be 0.1%.
— |AU.T * Clipping Diodes are optional.
Vin - HP5082-2810 recommended.
200
-15v
O—e
2k
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PERFORMANCE CURVES

BIAS CURRENT (pA)

INPUT OFFSET VOLTAGE AND
BIAS CURRENT VS. TEMPERATURE

1

4K

3K

OFFSET VOLTAGE

2K

BIAS CURRENT

OUTPUT VOLTAGE SWING
(V - PEAK-TO-PEAK)

-40 [] +40 +80

TEMPERATURE (oC)

+120

OUTPUT 'VOLTAGE SWING
VS. FREQUENCY

+2.50

+2.0

+15

+1.0

OFFSET VOLTAGE (mV)

35
VSUPPLY =120V
30
25
VsuppLY =15V
20 1
15 VSuPPLY =10V . \\\\
5
1K 10K 100K ™

FREQUENCY (Hz)

10M

-
-y
=3

OPEN LOOP FREQUENCY RESPONSE

=
=]
o
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3

888838

OPEN LOOP VOLTAGE GAIN (dB}

-
=)

o

[
N
N\ N\ GAIN 450
\ a0
PHASE
N\ 1350
1800
AN
10 100 1K 10K 100K ™ 10M  100M

-10

0

FREQUENCY (Hz)

110

OPEN LOOP VOLTAGE GAIN (dB)

PEN LOOP FREQUENCY RESPONSE
FOR VARIOUS BANDWIDTH CONTROL
CAPACITANCES
I
|
OpF
N\ 50pF
— 100pF
N\.| X 300pF |
)
ANNZEAN
N
100 1K 10K 100K 1M 10M  100M

Soa38888233888

'
©

FREQUENCY (Hz)
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PERFORMANCE CURVES (Continued)

INPUT NOISE VOLTAGE

OUTPUT VOLTAGE SWING (V)

INPUT NOISE VOLTAGE AND NORMALIZED AC PARAMETERS
NOISE CURRENT VS. FREQUENCY VS. TEMPERATURE

0.8 2 m
]
140 \\ l | 07 & é N~ SLEWRATE
120 N SOURCE RESISTANCE = 100K |gg & e 10 / ~
™ /  SOURCE RESISTANCE = g~ « \
p 100 NV, ANGE=02 105 3 2g 09 BANDWIDTH
S % </ INPUT NOISE CURRENT 104 > Wl
Z & A 03 9% wi 08
2 P
%0 o0z & it o,
20 0.1 5 z&‘ [\ N
0o > 06
10 100 1K 10K 100K § e BANDWIDTH XN
FREQUENCY (Hz) I o0s
S
2 oa
40 [} +40 +80 120 +160
TEMPERATURE (oC)
OUTPUT VOLTAGE SWING SETTLING TIME FOR VARIOUS
VS. LOAD RESISTANCE OUTPUT STEP VOLTAGES
14 = +10
12 -
s 10mv
10 - i— +5 A
NEGATIVE SWING &
8 %
w
g
6 POSITIVE SWING ——| g o
(=]
s A 2
- 2
2 55 N
o 10mvV
° 200 400 _ 600 800 K
LOAD RESISTANCE (%) 10
100 200 300 400 500 600

SETTLING TIME (ns)
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PERFORMANCE CURVES (Continued)

COMMON MODE REJECTION

RATIO (dB) .
85 8 8 8 8

o

COMMON MODE REJECTION
RATIO VS. FREQUENCY

L \\
300pF
i S
\\

L -

1o [ BF
= “‘”“___‘[>_

L .

1 | |

1 10 100 1K 10K 100K

FREQUENCY Hz

8.8

™

POWER SUPPLY REJECTION
RATIO VS. FREQUENCY
100 I
r4
<] NEGATIVE
gA 8 \,%\s?wl.v
S8 300pF —SN
‘ gg i} POSITIVE \\\
2% a0 _ supPLY ~
[:4
[ 100 [ RF
S 20 b
0 1 | |
1 10 100 1K 10K 100K 1M

FREQUENCY Hz

POWER SUPPLY CURRENT

VS. TEMPERATURE

85

pay

| —] r
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7

%

VSUPPLY = £20V
VSUPPLY = £ 15V

8.0

SUPPLY CURRENT (mA)

VsupPLY =10V
VsuppLY =17V

7.0

-80

-40

0

40
TEMPERATURE oC
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APPLYING THE HA-5160/5162

. POWER SUPPLY DECOUPLING: Although not absolutely
necessasry, it is recommended that all power supply lines be
decoupled with 0.01 uF ceramic capacitors to ground de-
coupling capacitors should be located as near to the amplifier
terminals as possible.

. STABILITY: The phase margin of the HA-5160/5162 will be
improved by connecting a small capacitor (>10pF) between the

output and the inverting input of the device. This small ca-
pacitor compensates for the input capacitance of the FET.

. CAPACITIVE LOADS: When driving large capacitive loads

(>100pF), it is suggested that a small resistor (221002 )
be connected in series with the output of the device and inside
the feedback loop.

APPLICATIONS

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY *

INVERTING
2
vWA
2k
o—vW—
S
2109 HA-5160/5162

NONINVERTING
15pF

M1

o

- —°

HA-5160/5162

*VALUES WERE DETERMINED EXPERIMENTALLY
FOR OPTIMUM SPEED AND SETTLING TIME

VERTICAL SCALE: (VOLTS: 2V/DIV.)
HORIZONTAL SCALE: (TIME: 500ns/DIV.)

OUTPUT

F
FETIPSUTIIUTE - “UUTI FRUTI U SUVTI

LRAAS ARRARSRNSARRR- RARIRRRRARARISRREAS

e

OUTPUT

F
+
+
£

IUTI FTRRE FUUTY ITY i
HH R
I
¥
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M HARRIS HA-5170

Precision JFET Input
Operational Amplifier

FEATURES DESCRIPTION
® LOW OFFSET VOLTAGE 100V The Harris HA-5170 is a precision, JFET input, operational amplifier
® LOW OFFSET VOLTAGE DRIET 2uV/oC which features low noise, low offset voltage and low offset voltage drift.
\/._. Constructed using FET/Bipolar technology, the Harris Dielectric Isolation
® LOWNOISE 10nV/VHz (D1) process, and laser trimming this amplifier offers low input bias and
® HIGH OPEN LOOP GAIN 800K V/V offset currents. This operational amplifier design also completely elimin-
e WIDE BANDWIDTH 8MHz ates the troublesome errors due to warm-up drift.
Complementing these excellent input characteristics are dynamic perfor-
mance characteristics never hefore available from precision operational
APPLICATIONS amplifiers. An 8V/us slew rate and 8MHz bandwidth allow the designer
to extend precision instrumentation applications in both speed and band-
o HIGH GAIN INSTRUMENTATION AMPLIFIERS width. These characteristics make the HA-5170 well suited for precision
integrator amplifier designs. :
©® PRECISION DATA ACQUISITION )
® PRECISION INTEGRATORS The superior input characteristics also make the HA-5170 ideally suited
® PRECISION THRESHOLD DETECTORS for transducer signal amplifiers, precision voltage followers and precision
data acquisition systems.
The HA-5170 is available in metal can (T0-99),°20 pin LCC, and both
ceramic and epoxy mini-dip packages.
PINOUT SCHEMATIC
TOP VIEWS
s )
RY R10 $R11 3Ry L R20
‘ﬁuﬁ" jmﬁ wémséma '\nﬁé"
43 ' 3
(73] W |<
Y R18 4

aa
0
R8
373
al e
(1 %
K

A

A

w15 [ rat

0s(
BAL

017
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless otherwise stated Power Dissipation (Note 2) 675mW

Voltage Between V+ and V-Terminals 440V Operating Temperature Range

Differential Input Voltage 130.0v HA-5170-2 -550C<Tp <+1250C
HA-5170-5 00c <Tp <+750C

Output Short Circuit Duration Indefinite Storage Temperature Range -650C<TA<+1500C

ELECTRICAL CHARACTERISTICS

V+=15V, V-=-15V

HA-5170-2 HA-5170-5
PARAMETER TEMP. | MIN TYP MAX MIN TYP MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 0.1 0.3 0.1 0.3 mV
Full 0.5 0.5 mV
Average Offset Voltage Drift (Note 3) Full 2 5 2 5 uv/oC
Bias Current +250C 20 100 20 100 pA
Full 3 30 0.1 2 nA
Bias Current Average Drift Full 3 pA/oC
Offset Current +250C 3 30 3 60 pA
Full 5 0.1 nA
Offset Current Average Drift Full 0.3 03 pA/oC
Common Mode Range Full 10 +15.1 *10 +15.1 v
-12 -12
Differential Input Resistance +250C 6x 1010 6x 1010 Q
Input Capacitance +250C 12 12 . pF
Input Noise Voltage 0.1Hz to 10Hz (Note 3) | +250C 0.5 5 0.5 5 “Vp-p
Input Noise Voltage Density (Note 3) +250C !
fo=10Hz 20 150 20 150 | nV//Hz
fg = 100Hz 12 50 12 50 | nVA/Az
fg = 1000Hz X 10 25 10 25 [ nVi/HZ
Input Noise Current Density. (Note 3) +250C
fo = 10Hz .05 .05 pAl/HZ
fo = 100Hz .01 .01 pAlVHZ
fg = 1000Hz 01 .01 pANHZ
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4) +250C | 300K 600K 300K | 600K VIV
Full 200K 250K \%
Common Mode Rejection Ratio (Note 5) Full 85 100 90 100 dB
Closed Loop Bandwidth (AycL = +1) +250C 4 8 4 8 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6) +250C | *10 12 10 *12 %
Full Power Bandwidth (Note 7) +250C | 80 120 80 120 . kHz
Output Current (Note 8) +250C | *10 10 mA
Output Resi (Note 9) +250C 45 45 2
TRANSIENT RESPONSE
Rise Time +250C 45 100 45 100 ns
Slew Rate +250C 5 8 5 8 Vius
Settling Time (Note 10) +250C 1 1 us
POWER SUPPLY CHARACTERISTICS
Supply Current Full 19 25 1.9 25 mA
Power Supply Rejection Ratio (Note 11) Full 85 105 a0 105 dB
NOTES: -
1. Absolute maximum ratings are limiting values, applied 7. RL = 2k; Full power bandwidth guaranteed based on

individually beyond which the serviceability of the circuit
may be impai F i perability under any of
these conditions is not necessarily implied.

2. Derate at 6.8 mW/OC for operation at ambient temper-
atures above +75°C.
3. Parameter is not 100% tested. 90% of all units meet

or exceed these specifications.
4. VouTt=*+10V; R = 2k.
5. Vem=*10v D.C.

6. RL= 2kQ.

SLEW RATE

slew rate measurement using FPBW =
27TVPEAK

. Vout = 10V.

. Output resistance measured under open loop conditions

(f=100Hz2).

. Settling time is measured to 0.1% of final value for a 10V

output step and Ay = -1.

. Vsypp =15V D.C.t0¥20V D.C.
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TEST CIRCUITS

Vos ADJUSTMENT

ouT

LARGE SIGNAL RESPONSE
VERTICAL SCALE: 5V/Div.
HORIZONTAL SCALE: 500ns/Div.

LOW FREQUENCY NOISE TEST CIRCUIT

r-ww—_r—o ouT
4.7 uF
I

x10Hz FILTER
Ay = 25,000

LARGE AND SMALL SIGNAL
RESPONSE CIRCUIT

ouTt
2KQ
50pF

SMALL SIGNAL RESPONSE
VERTICAL SCALE: 10mV/Div.
HORIZONTAL SCALE: 100ns/Div.

HA-5170 LOW FREQUENCY NOISE
(0.1HZz To 10HZ)

VERTICAL SCALE: 200nV/Div. (Noise Referred to Input)
5mVDiv. At Output, AycL = 25,000
HORIZON TAL SCALE: 1 Sec./Div.
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PERFORMANCE CURVES
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PERFORMANCE CURVES (Continued)

PHASE MARGIN

SMALL SIGNAL BANDWIDTH & PHASE MARGIN
VS. LOAD CAPACITANCE
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B Harris HA-5180/80A

Low Bias Current, Low Power
JFET Input Operational Amplifier
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FEATURES DESCRIPTION

The HARRIS HA-5180/5180A is an ultra low input bias current, JFET
input, monolithic operational amplifier which also features low power,

* ULTRA LOW BIAS CURRENT 250fA  |ow offset voltage and excellent AC charactéristics. Employing

FET/Bipolar construction coupled with dielectric isolation this
* LOW POWER SUPPLY GURRENT 0.8mA operational amplifier offers the lowest input bias cu(rents (250fA
« LOW OFFSET VOLTAGE 0.5mV (max.) typ.) available in any monolithic operational amplifier. The HA-

5180/5180A has another unique feature-in which the offset bias

o BANDWIDTH 2 MHz current may be nulled by externally adjusting the offset voltage. For 3 g

applications which require precision performance the HA-5180A of- a2

® SLEW RATE N/ us fers an input offset voltage of 0.5 mV (max) while the HA-5180 offers =3

3mV (max.) =< =

: 55

: The HA-5180/5180A also offers excellent AC performance not ©
APPLICATIONS previously available in similar hybrid or monolithic op amp designs.

The 2 MHz bandwidth and 7V/u s slew rate of the HA-5180/5180A
extends the bandwidth and speed for applications such as very low

o ELECTROMETER AMPLIFIER DESIGNS drift sample and hold amplifiers and photo-current detectors. Other
applications include use in electrometer designs, pH/lon sensitive
® PHOTO CURRENT DETECTORS electrodes, low current oxygen sensors, long term precision in-

tegrators and very high impedance buffer measurement designs.
The HA-5180/5180A is packaged in an 8-pin (T0-99) can and an 8-

® PRECISION, LONG-TERM INTEGRATORS

© LOW DRIFT SAMPLE & HOLD CIRCUITS lead cerdip and is pin compatible with most existing op amp con-
figurations. The case of the T0-99 package is internally connected to
* VERY HIGH IMPEDANCE BUFFERS pin 8 so that it may be connected to the same potential as the input.

This feature helps minimize stray leakage to the case, helps shield
the amplifier from external noise and reduces common mode input
capacitance.

PINOUT SCHEMATIC

* HIGH IMPEDANCE BIOLOGICAL MICRO PROBES

. —O +vee
R6
aio

IN- e Q17!
D1 VIN
a3 22 _pos o Vout
6
R
- o GO0
) R 2
BALANCE[ 1 sl jn/c R1A R2A R;:g
R1B|  [R2BS
Il\l-[ 2 7 ]V+ tjloss| | oo
'\
R\Cl l R2C '\l —vee
i+ |3 6 []our
Balance Balance
v-[]a 5 ]BALAncE

2-169



SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

TA =+250C Unless otherwise stated
Voltage Between V+ and V- Terminals
Differential Input Voltage

QOutput Short Circuit Duration

a0v
40V

Indefinite

Power Dissipation (Note 2)

Operating Temperature Range
HA-5180/5180A-2
HA-5180/5180A-5

Storage Temperature Range

300mW

-550C <Tp <+1250C
00C <Tp <+750C
-650C <TA <+1500C

ELECTRICAL RATINGS v+=15V,V-=-15V

5180A-2 5180A-5
PARAMETER TEMP. |MIN —[ TYP I MAX | MIN ‘ TYP | MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 0.1 05 0.1 0.5 4 mV
Full 1 1 -mV
Average Offset Voltage Drift Full 5 5 uv/joc
Bias Current (note 3) +250C 250 | 1000 250 | 1000 fA
Full 100 500 6 30 pA
Offset Current (Note 3) +250C 30 200 30 200 fA
Full 6 30 1 5 pA
Common Mode Range Full 110 | %12 10 | $12 \"
Differential Input Resistance +250C 1012 1012 Q
Input Noise Voltage, 0.1Hz to 10Hz +250C 5 5 uVp-p
Input Noise Voltage Density +250C
fo = 10Hz 200 200 nV/\/Hz
fo = 100Hz 120 120 nV/VHz
fo = 1000Hz 70 70 nV/\Hz
Input Noise Current (f=1kHz) +250C 0.01 0.01 pA/VHz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4) +250C [200k | 1M 200k | 1M VIV
Full 150k 150k VIV
Common Mode Rejection Ratio (Note 5) Full 90 110 90 110 dB
Closed Loop Bandwidth (AycL=+1) +250C 2 2 MHz
QUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6) +250C | +10 | %12 +10 | *12 \"
Full +10 +10 \"
Full Power Bandwidth (Note 7) +250C 110 110 kHz
Output Current (Note 8) +250C [+10 | *15 +10 | *15 mA
Output Resistance (Note 9) +250C 25 25 Q
TRANSIENT RESPONSE
Overshoot +250C 30 50 30 50 %
Rise Time +250C 75 75 ns
Slew Rate +250C 4 7 4 1 Vius
Settling Time (Note 10) +250C 2 2 us
POWER SUPPLY CHARACTERISTICS
Supply Current Full 0.7 1 0.8 1 mA
Power Supply Rejection Ratio (Note 11) Full 85 105 85 105 dB
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SPECIFICATIONS (Continued)

ELECTRICAL RATINGS Vv+=15V,V-=-15V

5180-2 5180-5
PARAMETER TEMP. | MIN I TYP l MAX | MIN l TYP l MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 1 3 1 3 mV
Full 4 4 mV
Average Offset Voltage Drift Full 5 5 uv/oc
Bias Current (Note 3) +250C 250 | 1000 250 | 1000 fA
Full 100 500 6 30 pA
Offset Current (Note 3) +250C 30 200 30 200 fA
Full 6 30 1 5 pA
Common Mode Range Full 10 | 212 10 | #12 \"
Differential Input Resistance +250C 1012 1012 Q
Input Noise Voltage, 0.1Hz to 10Hz +250C 5 5 Vp-p
Input Noise Voltage Density +250C
fo = 10Hz 200 200 nViHz
fo = 100Hz 120 120 nVA/Hz
fo = 1000Hz 70 70 nV/fI-E
Input Noise Current (f=1kHz) +250C 0.01 0.01 pA/\/Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 4) +250C 200k | 1M 200k | 1M VIV
Full 150k 150k VIV
Common Mode Rejection Ratio (Note 5) Full 90 110 90 110 dB
Closed Loop Bandwidth (Aygp=+1) +250C 2 2 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 6) +250C | ¥10 | £12 +10 | #12 \'
Full +10 +10 \"
Full Power Bandwidth (Note 7) +250C 110 110 kHz
Output Current (Note 8) +250C | +10 | %15 +10 | #15 mA
Output Resistance (Note 9) +250C 25 25 Q
TRANSIENT RESPONSE
Overshoot +250C 30 50 30 50 %
Rise Time +250C 75 75 ns
Slew Rate +250C 4 7 4 7 V/us
Settling Time (Note 10) +250C 2 2 us
POWER SUPPLY CHARACTERISTICS
Supply Current Full 0.7 1 0.8 1 mA
Power Supply Rejection Ratio (Note 11) Full 85 105 85 105 dB
NOTES:
1. Absolute maximum ratings are limiting values, applied indi- 6. RL=2k
;vd\.lallv'bevnnd wh.u:h the servn_c_eablllty of the circuit may 7. RL=2K, Vpeak = 10V;  Full power bandwidth guaranteed
d? -|mpa‘|red, Functlu‘nal' ope.rablhty under any of these con- based on slew rate measurement using FPBW = SLEW RATE
itions is not necessarily implied. 271V
TTVPEAK
2. Derate at 6.9 mW/0C for operation at ambient temperatures 8. Vout =410v.
above +750C.
9. Output resistance specified under open loop conditions
3. This parameter is guaranteed by design and is not 100% test- (f = 100H2)
ed.
10. Settling time is specified to 0.1% of final value for a 10V
4. Vout =£10V; Ry =2k. Gain dB = 20 log 19Av. output step and Ay = -1.
5. Vgm =110V D.C. 11. Vsypp=+5V D.C.to +20V D.C.
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PERFORMANCE CURVES

SMALL SIGNAL BANDWIDTH AND PHASE MARGIN

VS. LOAD CAPACITANCE
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PERFORMANCE CURVES (Continued)

GAIN (dB)

OUTPUT VOLTAGE STEP (V)

SETTLING TIME FOR VARIOUS OUTPUT BIAS CURRENT VS. TEMPERATURE

STEP VOLTAGES
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APPLICATION HINTS

The HA-5180/5180A offers one of the lowest input bias currents
of any monolithic operational amplifier and is ideal for use in
applications for measuring signals from very high impedance or
very low current sources. To fully utilize the capabilities of the
HA-5180/5180A care should be taken to minimize noise pickup
and current leakage paths with the use of shielding and guard-
ing techniques and by placing the device as close as possible to
the signal source. The small size and low quiesent current (pos-
sible battery operation) of the HA-5180/5180A allows easy in-
stallation at the signal source or inside a probe. The HA-5180/
5180A is internally compensated and is capable of driving long
signal cables which have several hundred pF capacitive loading.

If it is not possible to place the HA-5180 very close to the
signal source then the use of shielded coaxial cable will offer
the best isolation of the high impedance signal line from external
noise sources. However, the effects of leakage, capacitance and
vibrational noise should be taken into account when using
coaxial cables. Leakage can be minimized by using cables with
very high insulation resistance (such as polyethylene or Virgin
Teflon). For example, the current to voltage converter circuit (as
shown in Fig. 1) will eliminate leakage across the insulation of
the cable by forcing the signal line to the same potential as the
shield. This circuit also provides fast response to input signals
because the cable capacitance is never forced to be charged or
discharged. However, the cable capacitance directly increases
the input capacitance of the circuit and could cause the circuit
to become unstable; if so, adding capacitance across Rf will
stablilize the circuit again. Leakage can also be reduced in the
high-impedance non-inverting configuration (see Fig. 2) by
bootstrapping the shield to the same potential as the signal
source instead of ground. If low closed-loop gains are used,
the non-inverting configuration could also become unstable due
to the positive feedback to the input through the cable cap-
acitance. One method of compensating this circuit is to place a
small (low leakage) capacitor from the input to ground. This
technigue will also reduce the effective capacitance presented to
the signal source. When large closed-loop gains and/or long
cable lengths are used, a buffer should be added to the circuit
to drive the shield.

GUARD

SHIELD \

7:5—‘:}1_4:

O)

u”—

Figure 1. CURRENT TO VOLTAGE CONVERTER

ouT

Figure 2. VERY HIGH IMPEDANCE NON-INVERTING
AMPLIFIER

When using coaxial cable with the HA-5180 the cable should
be kept as rigid and vibration free as possible. Frictional move-
ment of the shield over the insulation can generate.electrical
charge which is picked up by the high impedance signal line as
noise. Movement and bending of the cable can also cause charge.
movement due to small changes in cable capacitance and cap-
acitance to surrounding objects. Another source of noise cur-
rents is that which is generated by the movement of a conductor
in a magnetic feild.

For lowest leakage at the device inputs either use a teflon IC
socket or connect the signal line to the HA-5180/5180A
inputs using teflon standoffs. A guard ring, as shown in Fig. 3,
applied to both sides of the pc board and bootstrapped to the
same potential as the input signal will minimize leakage paths
across the pc board. Pin 8 of the T0-99 can, which is internally
tied to the case, should also be tied to the bootstrap potential to
help minimize noise pickup and leakage currents across the
package insulation. This technique will also reduce common
mode input capacitance.

Cleanliness of circuit boards and components is also important
for achieving low leakage currents. Printed circuit boards and
components should be thoroughly cleaned by using a low re-
sidue solvent such as TMC Freon, rinsed by deionized water and
dried with nitrogen. The circuit board should be protected from
high contamination and high humidity environments. A good
quality conformal coating with low dielectric absorption pro-
vides the best protection from humidity and contamination.

Input protection is generally not necessary when designing with
the HA-5180/5180A. Many electrometer type devices, especially
CMQOS, require elaborate zener protection schemes which may
compromise overall performance. The Harris dielectric isolation
process and JFET input design enables the HA-5180/5180A to
withstand input signals several volts beyond either supply and
large differential signals equal to the rail-to-rail supply voltage
without damage or degradation of performance.
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APPLICATION HINTS (Continued)

INPUTS !
) 4 N O —

Figure 4. SLEW RATE AND TRANSIENT RESPONSE
TEST CIRCUIT

Figure 5. SUGGESTED OFFSET
ADJUSTMENT CIRCUIT

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE

VERTICAL SCALE (Volts: 5V/DIV INPUT) VERTICAL SCALE (Volts: 100mV/DIV INPUT)
(Valts: 2V/DIV OUTPUT) (Volts: 50mV/DIV QUTPUT)
HORIZONTAL SCALE (TIME: 500ns/DIV) HORIZONTAL SCALE (TIME: 500ns/DIV)

INPUT §

OUTPUT === - OUTPUT
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B Harris HA-5190/95

Wideband, Fast Settling
Operational Amplifier

FEATURES GENERAL DESCRIPTION
® FASTSETTLING TIME 70ns HA-5190/5195 are monolithic operational amplifiers featuring
an ultimate combination of speed, precision, and bandwidth.
® VERY HIGH SLEW RATE 200V/us Employing monolithic bipolar construction coupled with di-
® WIDE GAIN-BANDWIDTH 150MH electric isolation, these devices are capable of delivering an un-
‘ paralleled 200V/ u's slew rate with a settling time of 70ns (0.1%,
® POWER BANDWIDTH 6.5MHz 5V output step). These truly differential amplifiers are designed
to operate at gains > 5 without the need for external compensa-
® LOWOFFSET VOLTAGE 3mv tion. Other outstanding HA-5190/5195 features are 150MHz
® INPUT VOLTAGE NOISE snV/VHZ gain-bandwidth-product and 6.5MHz full power bandwidth. In
addition to these dynamic characteristics, these amplifiers also
® MONGOLITHIC BIPOLAR CONSTRUCTION have excellent input characteristics such as 3mV offset voltage
and 6.0nV input voltage noise (at 1kHz).
With 200V/ us slew rate and 70ns settling time, these devices
APPLICATIONS make ideal output amplifiers for accurate, high speed D/A.con-
e FAST PRECISE D/A CONVERTERS verters or the main components in high speed sample/hold cir-
! cuits. 150MHz gain-bandwidth-product, 6.5MHz power band-
® HIGH SPEED SAMPLE-HOLD CIRCUITS width, and 5mV offset voltage make HA-5190/5195 ideally
e PULSE AND VIDEO AMPLIFIERS z::t::sfar a variety of pulse and wideband video amplifier appli-
® WIDEBAND AMPLIFIERS The HA-5190/5195 are available in metal can (T0-5), 20 pin
® REPLACE COSTLY HYBRIDS LCC, and 14 pin ceramic packages.
At temperatures above +750C, a heat sink is required for HA-
SCHEMATIC y N

5190. (See note 2). HA-5190 is specified over the -550C to
+1250C range while HA-5195 is specified from 00C to +750C.

jﬁd v
o PINOUTS
h)OP5
e TOP VIEWS
R
2 %ms E—\J_E
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Gl @|
0512{3”:‘53 -4} [11] v+
" oo L s [E] (1) outPuT
¥ 3ra: v-[E] 5]
._<Qp54 u 2] INPUT
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LH0032 PINOUT

QN10j QN45| QN4
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v

I
1
}m;}nso R3Y
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SPECIFICATIONS

n
ABSOLUTE MAXIMUM RATINGS (Note 1) Q
o
Voltage between V+ and V- Terminals 35V D
Differential Input Voltage v o
Output Current 50mA (Peak) <'
Internal Power Dissipation (Note 2) 870mW (Cerdip); 1W (T0-8) Free Air T
Operating Temperature Range: (HA-5190) -550C< Tp <+1250C
(HA-5195) 00C<Tp <+750C
Storage Temperature Range -650C<Tp <+1500C
ELECTRICAL CHARACTERISTICS VsuppLy =*15 Volts; RL = 200 ohms, unless otherwise specified.
HA-5190 HA-5195
-550C to +1250C 00C to +750C L
PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS % %
INPUT CHARACTERISTICS .;;;
Offset Voltage +250C 30 | 50 30 | 6 mV IE
FULL 10.0 10.0 mV © =]
Average Offset Voltage Drift FULL 20 20 uv/oc
Bias Current +250C 5 15 5 15 MA
FULL 20 20 uA
Offset Current : +250C 1 4 1 4 MA
FULL 6 6 HA
Input Resistance +250C 10 10 Kohms
Input Capacitance +250C 1.0 1.0 pF
Common Mode Range FULL £5 5 Vv
Input Noise Voltage (f = 1kHz, Rg = 0§2) | +250C 6 6 nV//Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C | 15K 30K 10K 30K VIV
FULL 5K 5K VIV
Common-Mode Rejection Ratio (Note 4) FULL 74 74 dB
Gain-Bandwidth-Product (Notes 5 & 6) +250C 150 150 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) FULL 15 +8 +5 +8 v
Output Current (Note 3) +250C 25 30 25 30 mA
Output Resistance +250C 30 30 Ohms
Full Power Bandwidth (Note 3 & 7) +250C 5 6.5 5 6.5 MHz
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 13 18 13 18 ns
Overshoot +250C 8 8 %
Slew Rate +250C 160 200 160 200 Vius
Settling Time:
5V Step to 0.1% +250C 70 70 ns
5V Step to 0.01% +250C 100 100 ns
2.5V Step t0 0.1% +250C 50 50 ns
2.5V Step to 0.01% +250C 80 80 ns
POWER REQUIREMENTS
Supply Current CFULL 19 28 19 28 mA
Power Supply Rejection Ratio (Note 9) FULL 70 90 70 90 dB
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NOTES:

1.

3.
4.

Absolute maximum ratings are limiting values, applied
individually, beyond which the serviceability of the cir-
cuit may be impaired. Functional operability under any
of these conditions is not necessarily implied.

. Derate at 8.7mW/0C for operation at ambient temper-

atures above +750c., Heat sinking required at temper-
atures above +750c. Tja = 1150C/W; Tyg = 350C/W.
Thermalloy madel 6007 heat sink recommended.

RL =2009,C <10pF, V0= +5V
Vem =15V

5. Vg=90mV.
6. Ay = 10.

7. Full power bandwidth guaranteed based on slew rate
Slew Rate

measurement using FPBW = .
Z”Vpeak

8. Refer to Test Circuits section of data sheet.

9. VsyppLY =+5VDC to+15VDC

TEST CIRCUITS

LARGE AND SMALL SIGNAL RESPONSE

TEST CIRCUIT*
iN
ouT
>
1.6K :E 2009
40092
AV=5
= *CL <10pF
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale: (Volts: A = 0.5V/Div., B =4.0V/Div.) Vertical Scale: (Volts: A=50mV/Div., B=100mV/Div.)
Horizontal Scale: (Time: 100ns/Div.) Horizontal Scale: (Time: 100ns/Div.)
[ 3 -
B +5V B ;E B
vourﬁ M HHHH :::@::: HHHHHHH T T HHHH it
10% +
sv " § ll A - 3 l
A v ¥ ¥
A :
v ES S

INPUT O—p—AAA—

SETTLING TIME TEST CIRCUIT

4002+
OUTPUT

M PROBE

3 1KQ**

"

SETTLE 2KQ
POINT
o WA —]
5KQ**

* Load Capacitance should be less than 10pF.

*% |t is recommended that resistors be carbon composition and
that feedback and summing network ratios be matched.

I MONITOR #*» SETTLE POINT (Summing Node) capacitance should be less

than 10pF. For optimum settling time results, it is recom-
mended that the test circuit be constructed directly onto the
device pins. A Tektronix 568 Sampling Oscilloscope with S-3A
sampling heads is recommended as a settle point monitor.
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PERFORMANCE

CURVES

V+=+15V, V- = -15V, Tp = +25°C unless otherwise stated.

INPUT OFFSET VOLTAGE AND
BIAS CURRENT VS. TEMPERATURE

<5 20 >
) iy :
£ 16 w
ui S
£ 3 BIAS CURRENT |12 3
s N g
22 ~ 8
F +~ 2
51 OFFSET VOLTAGE 4%
&
£, 1 1 0 8
-80 -40 [ +40 +80 +120 +160 >

OUTPUT VOLTAGE SWING
VS. FREQUENCY

sul

18

16

NORMALIZED PARAMETERS REFERRED

OUTPUT VOLTAGE SWING -
VOLTS PEAK-TO-PEAK

4‘IK 10K 100K 1MEG 10MEG 100MEG
FREQUENCY - Hz

NORMALIZED AC PARAMETERS
VS. LOAD CAPACITANCE

BANDWIDTH

>

SLEWRATE

NORMALIZED VALUE REFERRED TO
LOAD CAPACITANCE EQUAL TO 10pF
INPUT VOLTAGE NOISE - nV/\/Hz

10 100 200 250
LOAD CAPACITANCE - pF

OPEN LOOP FREQUENCY RESPONSE

100

2
T

-3
o
I

8
]

OPEN LOOP VOLTAGE GAIN - dB
° 8
I I

K 10K 100K

GAIN ]

L L 1|
1MEG 10MEG 100MEG

FREQUENCY - Hz

NORMALIZED AC PARAMETERS
VS. TEMPERATURE

-
N

-
o

—
—_
g 1.0 T~ SLEWRATE
+ e
£ ] S
9 BANDWIDTH
ﬁ N
3 N
3 4
Fa
>
e 7
-80 40 [ +40 +80 120 +160

TEMPERATURE - oC

INPUT NOISE VOLTAGE AND
NOISE CURRENT VS. FREQUENCY

140

N
120
\\
100
N
\\
80 a0
N
N 35
60 \ N 30
N
N CURRENT NOISE VOLTAGE NOISE SOURCE |,
N [~ RESISTANCE = 5KQ
40 Sy 20
N -y <] 15
20— ] — g 10
VOLTAGE NO! = 5
SOURCE RESISTANCE = 0Q
10 . 100 1K 10K 100K

FREQUENCY - Hz

INPUT CURRENT NOISE - pA/ VHz
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PERFORMANCE CURVES (Continued)

OUTPUT VOLTAGE SWING - VOLTS

COMMON MODE REJECTION RATIO - dB

POWER SUPPLY CURRENT - mA

OUTPUT VOLTAGE SWING
VS. LOAD RESISTANCE
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10
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8 //
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7

2

200 400 600 800 1K 12K
LOAD RESISTANCE - OHMS
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40 SEY
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20

0

100 1K 10K 100K 1MEG
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2 T T
VsuppLY = £ 16V

20 VsuppLY = £ 10V

16

12

8

4

%0 40 +40 +80 +120 +160
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POWER SUPPLY REJECTION RATIO dB

OUTPUT VOLTAGE STEP (VOLTS)

SETTLING TIME FOR VARIOUS
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Sl
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APPLYING THE HA-5190/5195

1. POWER SUPPLY DECOUPLING: Although not absolutely

necessary, it is recommended that all power supply lines be
decoupled with 0.01uF ceramic capacitors to ground. Decoup-
ling capacitors should be located as near to the amplifier
terminals as possible.

. STABILITY CONSIDERATIONS: HA-5190/5195 is stable at
gains > 5. Gains < 5 are covered elsewhere in this data sheet.

4. OUTPUT SHORT CIRCUIT: HA-5190/5195 does not have

output short circuit protection. Short circuits to ground can
be tolerated for approximately 10 seconds. Short circuits to
either supply will result in immediate destruction of the device.

. HEAVY CAPACITIVE LOADS: When driving heavy capaci-

tive loads ( >100pF) a small resistor (R2100£2) should be con-
ected in series with the output and inside the feedback loop.

n
»
S~
o
N
-
‘?
<
I

Feedback resistors should be of carbon composition located as
near to the input terminals as possible.

3. WIRING CONSIDERATIONS: Video pulse circuits should be
built on a ground plane. Minimum point to point connections
directly to the amplifier terminals should be used. When
ground planes cannot be used, good single point grounding

techniques should be applied. a ':3

=2

EH

£3

APPLICATIONS e
[

°8

SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY

NONINVERTING
O—xF
c1
== 11pF*lua-51
2009 2000
R1 750 % — 1K *
—+—
OUTPUT OUTPUT \
s S JETRNTET] lllsilu 344 e
+
INPUT INPUT e

Vertical Scale: (Volts: 2V/Div.)
Horizontal Scale: (Time: 100ns/Div.)

* Values were determined experimentally for optimum speed and settling time.

R1 and C1 should be optimized for each particular application to ensure best overall frequency response.

INVERTING
T
\ ¥
ouTPUT \ £ |/
HHHHHH AN HH HHHHHHHH

INPUT 3

Vertical Scale: (Volts: 2V/Div.) ;;
Horizontal Scale: (50ns/Div.) kS
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APPLICATIONS (Continued)

VIDEO PULSE AMPLIFIER/75S2 COAXIAL DRIVER

Vertical Scale: - (Volts: 2V/Div.)
Horizontal Scale: (Time: 50ns/Div.)

B=VouT C=DIGITAL INPUT

20092

>
> 1.6KN
>

%0

HAAA

FAST DAC OUTPUT BUFFER

GAIN

R1

500
15T

—— VREF
—_— 0V

T

<L

HI-5610 3.975K
a2

L=]

e e

c*

1KQ
AA 11
A A4
Ao}
—
0TO 5mA ?
< iog L»
> +15V
< 5190,
S 2000 N Vout
RB
2|
1430 R3
100K 20K
-15V
FT FEUTY IV L YOO PO S P Y PP PP
LAAAIAANASLALLS LA ' ARAILARARAAARI LALAEAARAS
F

* Time delay between B and C represents total time delay for OV to +5V full scale coded change.
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o HARRIS HV-1000/1000A -
o
o
Induction Motor T
o
Energy Saver S
3
FEATURES DESCRIPTION ;
e OPERATES DIRECTLY OFF 120V/240V AC LINE - The HV-1000 and HV-1000A are energy saving, induction
NO POWER SUPPLY REQUIRED motor, control circuits designed to reduce the power
® 50Hz OR 60Hz OPERATION consumed by single phase induction motors. HV-1000 is for
e PRODUCES POWER SAVINGS FROM 10% TO 50% 120V AC use and HV-1000A for 240V AC use.
FOR MOTORS WITH LIGHT OR VARIABLE LOADS
® SCR OUTPUT STAGE TRIGGERS TRIAC DIRECTLY The controller circuit senses the load on the motor and then 25
e LOAD ANTICIPATOR SENSES SHOCK LOADS AND controls a TRIAC to apply reduced voltage to lightly loaded Sz
s
RESPONDS INSTANTLY WITH FULL POWER motors, full voltage to heavily loaded motors. % 2
® WITHSTANDS LINE SURGES TO 3500V g E
o
e CAUSESMOTORTO RUN QUIETER, COOLER The HV-1000/1000A are available in a 16 lead plastic °
o CANBE MOUNTED INSIDE MOTOR DIP. Ideal for mounting inside induction motors, they can
e NEEDS ONLY 3 RESISTORS, 3 CAPACITORS AND A also be mounted in a heat sunk circuit box for external,
TRIAC TO ASSEMBLE COMPLETE CONTROLLER after market application.
APPLICATIONS PINOUT
e MACHINE TOOLS TOP VIEW
© INDUSTRIAL SEWING MACHINES ——\
s AC RET []1 16 [_JACIN
o HEAT PUMPS EXT CAPHI [] 2 15 [INC
® PRESSES EXTCAPLO [] 3 14 [ANC
ptect= ER =
HASE SENSE
® DISC PACK DRIVES POT CW [ 6 11 [7] COMPENSATION
» ANY APPLICATION WHERE FOR SOME OF THE MODE [} 7 10 [INC
TIME THE MOTOR IS DRIVING LESS THAN ITS TRIAC GATE RETURN [ 8 9 [ITRIAC GATE
RATED LOAD
FUNCTIONAL DIAGRAM
POT POT POT CAP CAP PHASE
OVERRIDE ¢CW $ CW HI L0 SENSE MODE
| | LI 1 1 L1 FEEDBACK -
ACIN O-—-——l I——I PHASE TO VOLTAGE CONVERTER —O gaTE
120/240v I
A.C. A.C.SERIES
REGULATOR |CDMPARATORI SCF;.T%TEPUT
o__J__I L_ RAMP _____.I TRIAC
AC RET GENERATOR I___OGATE
RETURN
O
COMPENSATION
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SPECIFICATIONS

- ABSOLUTE MAXIMUM RATINGS

Input Voltage (With 5k Input Resistor) 3500VPEAK
Input Voltage (Without Input Resistor) $400VPEAK
Power Dissipation 500mW
Operating Temperature Range 00C to +750C

Storage Temperature -400C to +1000C
Lead Temperature (Soldering, 10 seconds) 3000C
Output Current (10 microsecond Pulse) 500mA

ELECTRICAL CHARACTERISTICS ' See Note (a)

HV-1000/1000A using its internal power factor settings (pins 4, 5, 6, 7 shorted together). See Figure 1 for defini-

/ tion of @c, the current zero crossing, and ©t, the TRIAC trigger point. Frequency = both 50Hz and 60Hz unless
otherwise stated.
PARAMETER DEFINITION MIN TYP MAX UNITS
Skew (b) Difference Between Positive and 0 16.5 Degrees
Negative Ot for B¢ = 320
Load Anticipator Value of B¢ at which Load 16 23 Degrees
Trip Point (60Hz Operation) Anticipator Trips at 60Hz )
Load Anticipator (c) Value of B¢ at which Load 13 19 Degrees
Trip Point (50Hz Operation) Anticipator Trips at 50Hz
Full Load Power Factor Value of Ocatwhich Bc= Ot 39 43 47 Degrees
Setting
Full Load Power Factor (d) Power Factor when 6c= Ot .68 73 17 Power
Factor
No Load Power Factor Value of ©¢c when Ot= 1460 32 Degrees
Setting
Maximum Input Voltage Breakover Voltage of Input 400 500 VPEAK
Protection SCRs
Current Drain RMS Input Current to chip 2.0 mA
(Pin 16) RMS
Maximum Output Voltage Breakover Voltage of Output Stage 600 800 VPEAK
with Input to Chip Biased Normally
with AC Power

NOTES:

(a) No guarantee of power savings can be given since the the load anticipator trip point, the HV-1000 will discontin-
savings achieved depend entirely on the motor and its uously switch (trip) to full power. The anticipator trip point
application. However, for a completely unloaded motor is increased by the absolute value of an external potenti-
driving only a flywheel or a pulley, power savings of 50% ometer, 10k ohms increasing it about 6 degrees. A circuit
are typical. It is not uncommon to observe savings of as utilizing an external potentiometer is shown in Figure 6.
much as 80%. In all applications the percentage of power
saved will depend on how much of the time the motor (d) This full load power factor is typical of a wide variety of
‘runs lightly loaded. Harris Application Note 542 covers U.S., single phase, 60Hz, capacitor start induction motors
the subject of selecting suitable applications. of power levels between % HP and 1 HP. Many other mo-

- tors, both larger and smaller and operating at 50Hz, can

(b) The presence of skew results in partial rectification of the also be driven satisfactorily by this power factor setting.
AC power through the motor and reduced power savings. However, there are some motors for which this full load
The skew numbers shown here may . decrease the power power factor setting is not satisfactory, being either too
savings of an unloaded motor as indicated on a rotating high or too low. To suit these motors, a potentiometer
wheel type, electric, utility power meter by approximately must be added as shown in Figure 6. The potentiometer
10% maximum. should then be adjusted so that full voltage is applied to

the motor (@ ¢ = Ot) when the motor is fully loaded. An
The skew is greatest at no load ( Q¢ = 320) ' and decreases oscilloscope and a dynamometer are required to do this set-
linearly to zero as the motor approaches full load. up precisely, although other loading means can be sub-
stituted for a dynamometer, if none is available. The
(c) The effect of a shock load is to shift Oc (the current zero absolute value of the potentiometer determines the range

crossing) temporarily closer to the voltage zero crossing. If
the shock is severe enough to perturb Oc all the way back to

of adjustment, a 5k potentiometer giving a much larger
range of adjustment than a 1k potentiometer.
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THEORY OF OPERATION

Induction motors run at a speed which depends primarily on
the supply frequency, little on voltage. They draw almost a
constant current regardless of the load — the motor responds
to load with a change in power factor. Thus, a lightly loaded
motor wastes energy by heating its windings with inductive
current. The HV-1000/1000A measures the load using the
current phase angle and then saves power by applying to the
motor only sufficient voltage to drive the load.(1) The voltage is
adjusted by TRIAC phase control.

The controller chip triggers a TRIAC which is in series with the
motor. This varies the RMS voltage across the motor. The
resulting voltage waveform across the motor is shown at the top
of Figure 1. A motor can be characterized by the relation
between the two parameters Oc and ©t, shown in Figure 1 fora
typical motor. At point A, the motor is running fully loaded
with full voltage applied, as it was designed. At point B, the
motor is running lightly loaded with voltage reduced to the
point of stalling. The function of the controller is to force
the motor to operate along the load line AB, rather than AC
which it does naturally. Figure 2 shows an example of the
typical power savings which results when the controller chip is
incorporated in a motor.

The key features of the circuit are firstly that all analog process-
ing is carried out with the circuitry running entirely on 50Hz —
60Hz alternating current. Direct current is not used at all.
Secondly it is integrated using dielectric isolation, with junction
breakdowns of 400V. Junctions are stacked in both the input
regulator and the SCR output stage so that the composite
breakdown voltage of these stages is 800V.

The analog processing which achieves the control function is
explained conceptually in Figure 3. At any given load condition,
the controller tries to force the motor current phase O¢ to a
pre-programmed set phase. The phase to voltage converter
measures the difference between the set phase and ©Oc, and
increments a pedestal voltage at a rate proportional to the
difference, delaying the trigger point Ot, where a reference ramp
intersects the pedestal. The delayed triggering reduces the
voltage applied to the motor, decreasing the motor winding
current so that B¢ is forced to the set phase by the modulation
of Ot. The set phase is itself a slow function of Bt, which pro-
duces the sloping controller characteristic fo Figure 1. This
is achieved via the feedback path from the output stage to the
phase to voltage converter.

An additional feature of the phase to voltage converter is the
load anticipator. If Oc is typically more than 0.42ms less than
the set phase for 60Hz operation, which means the motor has
received a sudden heavy load, the full line voltage is immediately
applied to the motor. This allows the motor to respond at once
to a step function load. If the load is abruptly removed, the
controller cuts back the voltage applied to the motor over a time
period set by the external time constant capacitor. This mech-
anism is described in more detail in Harris Application Note 542.

(1) This circuit principle was first described by F. J. Nola in
U.S. Pat. 4052648.
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APPLICATIONS INFORMATION

-l

Improvement of the efficiency of single phase induction motors
may be achieved in two ways. For motors which drive a steady
load equal to their rated capacity, the best method is to use a
run capacitor with an auxiliary winding. ‘This causes the internal
field structure of the motor to resemble that of a three phase
motor, an inherently more efficient arrangement. However,
if a capacitor run motor is used to drive less than its rated load,
its power consumption will usually be greater than a motor
without @ run capacitor. If this is the case for a significant
fraction of the time, a run capacitor is not effective for improving
efficiency. By contrast an electronic energy saving motor
controller produces significant improvements in efficiency for
lightly loaded motors, and is therefore, the best choice for motors
which spend a significant part of their time lightly loaded.
Electronic energy saving controllers are useful for machine
tools, industrial sewing machines, heat pumps, presses, convey-
ors, disc pack drives, and commercial washing machines; in
other words for any application where the load on the motor is
either variable or ill defined. Run capacitors are useful for
refrigerators, air conditioners, and ventilation fans — all appli-
cations where the load on the motor is steady and well defined.
An electronic energy saving controller should not be applied in
a circumstance where a motor is driving a constant, steady load

equal to its rated load. In this circumstance the power dissipated
in the TRIACs may actually increase the total power usage.
However, it sometimes happens that induction motors are rela-
tively conservatively designed, and the real power capability of
the motor is greater than that stated. This may come about,
for instance, because the motor may have been designed to
operate with worst case low line voltage, say, 100V for a nom-
inal 115V motor. In such a circumstance, an electronic energy
saving controller can produce useful savings, because in reality,
the conservative design of the motor is causing it to be operating
at less. than its full capability. This circumstance can be tested
experimentally by connecting a power meter to the motor and
then adjusting the set power factor with a potentiometer on
the controller circuit to test whether reduced power consump-~
tion can be obtained. Once set up in this way, the controller
will continue.'to give the motor just sufficient voltage to drive
the load in hand, even if the line voltage drifts high. In other
words, the energy saving controller also acts as a line voltage
regulator. This is especially beneficial in areas where the line
voltage fluctuates, since high line voltage can cause an induction
motor to consume excessive amounts of power. For more
information see Harris Application Note 542 "Using the
HV-1000 Induction Motor Energy Saver”’.

APPLICATION CIRCUITS

switched together, However, if this is not possible and a switch
has to be placed in series with the motor between the motor
and HV-1000, the circuit of Figure 5 should be used. The
0.01 uF (600V) capacitor keeps the phase sense property of
HV-1000 alive while the switch is open, ensuring a smooth
start-up when the switch is closed.

AC RETURN O 120v1240v
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T
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Basic Application Circuit for the HV-1000
Basic Circuit

Figure 4 shows the basic application circuit for HV-1000. This
circuit would be suitable for a 1/2 HP motor. For smaller or
larger motors, the time constant capacitor (between pins 2 and
3) and snubber capacitor should be scaled in proportion to
the size of the motor.

Operation with a Motor Switch

We recommend that the HV-1000 circuit should be perma-
nently wired to the motor so that HV-1000 and motor are
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Application Circuit with Switch on Motor

To Adjust the Phase Setting

When it is required to adjust the full load, power factor setting,
a potentiometer should be added as shown in Figure 6. The
larger. the absolute value of the potentiometer, the greater the
range of adjustment. 1k ohmsis recommended as a starting
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APPLICATION CIRCUITS (continued)

point if potentiometer adjustment is required. Adding the
potentiometer also increases sensitivity of the load anticipator,
a 10k potentiometer advances the anticipator trip point by
6 degrees. In general the smallest absolute value of potentio-
meter that covers the desired range of adjustment should be
used. 10k ohms is the maximum potentiometer value normally
needed.
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) 9
RETURN GATE 00K
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W
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)
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FIGURE 6

Application Circuit for HV-1000/1000A with Potentiometer
to get Increased Anticipator Sensitivity and Adjustable
Phase Setting

Electronic Override

Pin 13 is a TTL logic input which commands full output power.
It can be activated with a switch as shown in Figure 7. The
diode between pins 13 and 1 needs 5V capability, it is to
prevent negative potentials being applied to pin 13.
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Application Circuit for HV-1000/1000A lllustrating
Electronic Override

NOTES:

(a) Stability: A small number of motors, primarily amongst
the larger (above 1 HP) single phase motors may not
necessarily run in a stable fashion with the application
circuit of Figure 4. The symptoms are irregular vibration
and repeated jerky application of full power to the motor.
An oscilloscope placed in differential mode across pins
2 and 3 will show rapid fluctuations in voltage instead
of the steady voltage levels characteristic of control
equilibrium.  This and similar effects are described in
Harris Application Note 542. The problem is helped by
increasing the inertia on the shaft (e.g., adding a flywheel),
by increasing the time constant capacitor and sometimes
by adding a potentiometer and adjusting it for smaller
power savings. If all these measures fail it may be that
a special application circuit will be needed as described
in Application Note 542. The effect is dependent on
which company manufactured the motor.

(b) Selection of components: The TRIAC used should have a
current rating which allows the locked motor current of
the motor (often three or more times the run current) to be
conducted for as long as this may persist. Normally heat
sinking will be required to conduct away the heat of the
TRIAC. The 5k input resistor only performs a useful
purpose during voltage surges in excess of 600V. When
this happens, internal crowbar clamps on chip between
pins 1 and 16 break over and momentarily conduct about
an ampere, causing thousands of volts to be dropped across
the 5k resistor. For this reason the physically large size
of a 1W resistor is needed, otherwise the terminals of the
resistor would arc over. The time constant capacitor
between pins 2 and 3 is normally chosen to be the smallest
value that will allow the motor to run in a stable fashion.
If it is chosen too large, the HV-1000 will not throttle
back the voltage as quickly, if the load suddenly decreases.
This effect reduces the power savings.
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ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings”
may be applied to devices (one at a time) without resulting in permanent damage.
This is a stress rating only. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. The conditions listed under
“Electrical Characteristics” are the only conditions recommended for
satisfactory operation.
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Ordering Information

HARRIS PRODUCT CODE EXAMPLE

H I 7 - 0200 - 5

-
—r—
PREFIX: ———-’- PART NUMBER

H (HARRIS)

TEMPERATURE:

FAMILY: 1 — 0°C to+200°C *

A — Analog 2 — -550C to +125°C

C — Communications 4 — -259C to +85°C

D — Digital 5 — 0°Cto+75°C

F — Filters 6 — 100% +25°C Probe (Dice Only)

I — Interface 7 — Dash-7 High Reliability Commercial

M — Memory Product. 0°C to +759C

V  — Analog, High Voltage 8 — Dash-8 Program

Y — Analog Hybrids HA2-2520-8 (Example only)

PACKAGE: 9 — -40°C to +85°C

1 — Dual-In-Line, Ceramic
— Metal Can

Dual-In Line, Plastic

Leadless Carriers

LCC Hybrid

Mini-DIP, Ceramic

Chip Form

¥ Special high temperature testing available
on certain product types. Consult factory for
availability.
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Analog Switches Glossary

ANALOG SIGNAL RANGE (* Vs) - The maximum safe
input voltage range.

BREAK-BEFORE-MAKE-DELAY (tOPEN) - The elapsed
time between the turn-off of one switch and the corres-
ponding turn-on of another switch for a common change
in logic state. This delay is measured between the 50%
points of the output transitions.

CHANNEL INPUT CAPACITANCE (CsOFF) The ca-
pacitance between the analog input and ground with the
channel “OFF.”  This capacitance consists primarily of
the source-body capacitance.

CHANNEL OUTPUT CAPACITANCE (CpofFfr) The
capacitance between the analog output and ground with
the channel “OFF’. This capacitance consists of the sum
of the drain-body capacitances.

CHANNEL OUTPUT CAPACITANCE (Cpon) - The ca-
pacitance between the analog output and ground with the
channel “ON"’.

CHARGE INJECTION - The amount of charge transferred
to a specified load capacitance due to the switch changing
state.

CROSSTALK - The amount of cross coupling from an
“OFF" analog input to the output of another “ON"
channel output.

DIGITAL INPUT CAPACITANCE
between a digital input and ground.

- The capacitance

INPUT LOW LEAKAGE CURRENT (IaL) - The current
measured “at the digital input with a logic low applied.

INPUT LOW THRESHOLD (VAL) - The maximum al-
lowable voltage that can be applied to the digital inputs
and still be recognized by the device as a low input.

INPUT HIGH LEAKAGE CURRENT (laH) - The cur-
rent measured at the digital input with a logic high applied.

INPUT HIGH THRESHOLD (VAH) - The minimum vol-

tage that can be applied to the digital inputs and still be
recognized by the device as a high input.

3-4

INPUT TO OUTPUT CAPACITANCE (CDgQfFF) - The
capacitance between the analog input and output when the
channel is “OFF"".

“OFF” INPUT LEAKAGE CURRENT (IgOofFF) - The
current measured at the input of an “OFF’’ channel with a
a specified voltage applied to both input and output. This
current consists largely of the diode leakage current of the
source- body junctions.

OFF ISOLATION - The feedthrough of an applied signal
through an “OFF’’ switch to the output. This feedthrough
occurs through the source-body and drain-body capaci-
tances and has a greater effect at high frequencies.

“OFF" OUTPUT LEAKAGE CURRENT (IpoFF) - The
current measured at the output of an “OFF" channel with
a specified voltage applied to both input and output. This
current is due largely to the diode leakages of the drain-
body junctions.

“ON’” CHANNEL LEAKAGE CURRENT (Ipon) - The
current flowing through the source-body and drain body
junctions of the “ON‘’ channel. This current is measured
with a specified voltage applied to both the input and
output.

“ON" RESISTANCE (RoN) - The series ““ON’’ channel
resistance measur‘ed between the input and output ter-
minals under a specified range of input voltages.

SUPPLY CURRENT (lIg) - The current required from the
power supply to operate the switch in a no load condition.

SWITCH TURN “OFF" TIME (tQFF) - The time required
to deactivate an ‘“ON’’ switch to an “OFF" state. This
time is measured from the 50% point of the logic input
change to the time the output reaches 10% of the ini-
tial value.

SWITCH TURN ““ON” TIME (toN) - The time required
to activate an ““OFF’’ switch to an "ON’’ state. This time
is measured for the 50% point of the logic input to the
time the output reaches 90% of the final value.



CMOS SWITCHES

Selection Guide

RON (22) | ID(OFF)(NA) | t(oN)(NS) | t(OFF)(NS) | Pp(mW)
FUNCTION | DEVICE (TYP) (TYP) (TYP) (TYP) (TYP)
SPST HI-5040 50 05 370 280 15
2 x SPST HI1-200 55 1 240 180 15
H1-300 35 0.04 210 160 1
H1-304 35 0.04 210 160 0.3
H1-381 35 0.04 210 160 1
H1-5048 25 0.5 370 280 15
HI-5041 50 0.5 370 280 15
4 x SPST H1-201 55 1 180 155 15
HI-201HS | ~ 30 0.3 30 40 120
SPDT HI-301 35 0.04 210 160 1
H1-305 35 0.04 210 160 0.3
H1-387 35 0.04 210 160 1
H1-5050 25 05 370 280 15
H1-5042 50 05 370 280 15
2 x SPDT H1-303 35 0.04 210 160 1
H1-307 35 0.04 210 160 03
H1-390 35 0.04 210 160 1
H1-5051 25 0.5 370 280 15
HI-5043 50 05 370 280 15
DPST HI1-5044 50 05 370 280 15
2 x DPST H1-302 35 0.04 210 160 1
H1-306 35 0.04 210 160 0.3
HI-384 35 0.04 210 160 1
H1-5049 25 0.5 370 280 15
, HI1-5045 50 0.5 370 280 15
DPDT HI-5046A 25 05 370 280 15
Hi-5046 50 05 370 280 15
4pPST HI-5047A 25 05 370 280 15
H1-5047 50 05 370 280 15

NOTE: All data represents typical room temperature specifications at +1sv supplies. For guaranteed

and tested specifications, consult the device data sheet.
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o HARRIS HI-200

Dual SPST CMOS Analog Switch

FEATURES DESCRIPTION
e ANALOG VOLTAGE RANGE 15V
® ANALOG CURRENT RANGE 80mA HI-200 is a monolithic device comprising two independently

e TURN-ON TIME 240ns selectable SPST switches which feature fast switching speeds
(240ns) combined with low power dissipation (15mW at 250C).

o LOWRQN 5592 . ; ; nWat 2¢
Each- switch provides low “ON" resistance operation for input
® LOWPOWER DISSIPATION 15mW signal voltages up to the supply rails and for signal currents
e TTL/CMOS COMPATIBLE up to 80mA. Employing Dielectric Isolation and CMOS process-
ing, H1-200 operates without any applications problems in-
duced by latch-up or SCR mode phenomena.
APPLICA T/U/VS All devices provide .break-before—.make switc!ling and are ‘T.TL
and CMOS compatible for maximum application versatility.
HI-200 is an ideal component for use in high frequency analog
switching. Typical applications include signal path switching,
sample and hold circuit, digital filters,and op amp gain switching
e HIGH FREQUENCY ANALOG SWITCHING networks.
* SAMPLE AND HOLD CIRCUITS HI-200 is available in DIP and metal (TO-100) cans. H1-200-2

is specified from -550C to +1250C while HI-200-5 operates
from 00C to +750C. H1-200 is functionally and pin compatible
with other available 200 series” switches.

e DIGITAL FILTERS

e 0P AMP GAIN SWITCHING NETWORKS

PiNOUT FUNCTIONAL DIAGRAM
TOP VIEWS : O INT
A — 1% $14 Ay A P—I l—
GNo—{3 12p— v+ ‘De Lo ouT
B N | ) B FOR LOGIC HIGH
De —O N2

CASE TIED TO V- A2 —]| H

Q out2
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SPECIFICATIONS

[=]
ABSOLUTE MAXIMUM RATINGS 8
Supply Voltage 44V (£22) Total Power Dissipation* 450mW Ly
VREF to Ground +20V, -5V Operating Temperature I
Digital Input Voltage: +Vsypply +4V HI-200-2 -550C to +1250C
-Vsupply -4V HI-200-4 -250C to +850C
Analog Input Voltage (One Switch) +VSupply +2.0V HI-200-5 00C to +750C
-VSupply -2.0V Storage Temperature -650C to +1500C
*Derate 6mW/0C Above Tp = 750C
ELECTRICAL CHARACTERISTICS
Unless Otherwise Specified
Supplies = +15V, -15V; VREF = Open; VAH(Logic Level High) =2.4V V) (Logic Level Low) = +0.8V
For Test Conditions, consult Performance Characteristics
HI-200-2 H1-200-5**
-550C to +125°C 0°C to +75°C =
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. | MAX. | UNITS O
ANALOG SWITCH CHARACTERISTICS <_[' g
Vg, Analog Signal Range Full -15 +15 -15 +15 v Z e
RN, On Resistance (Note 1) +250C 55 70 55 80 Q 8=
Full 80 100 72 | 100 Q =“
IS (OFF), Off Input Leakage Current (Note 6) +250C 1 5 1 50 nA
Full 100 500 10 500 nA
ID(0FF), Off Output Leakage Current (Note 6) | +25°C 1 5 1 50 nA
Full 100 500 10 500 nA
ID(ON). On Leakage Current (Note 6) +250C 1 5 1 50 nA
Full 100 500 10 500 nA
DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold Full 08 0.8 )
VAH, Input High Threshold Full 24 24 v
IA, Input Leakage Current (High or Low) (Note 2) Full 1.0 1.0 MA
SWITCHING CHARACTERISTICS
tOPEN, Break - Before Make Delay (Note 3) +25°C 60 60 ns
ton, Switch on Time +25°C 240 500 240 ns
toff, Switch off Time +250C 330 500 500 ns
“0ff Isolation” (Note 4) +250C 70 70 dB
CS (OFF). Input Switch Capacitance +250C 5.5 5.5 pF
CD (OFF). +250C 5.5 55 pF
Output Switch Capacitance
CD(ON), +250C " n pF
Ca, Digital Input Capacitance +259C 5 5 pF
Cps (0FF). Drain-To-Source Capacitance +250C 0.5 05 pF
POWER REQUIREMENTS (Note 5)
Pp, Power Dissipation +250C 15 15 mw
+ Full 60 60 mwW
1", Current +250¢ 05 05 mA
1=, Current Full 20 2.0 mA
+250C 0.5 0.5 mA
Full 2.0 2.0 mA
NOTES: 1. VOUT=i10V loyt =1TmA 5. Vp =+3V or Va = 0V for Both Switches
2. Digital Inputs are MOS gates - Typical Leakage is Less Than.1nA. 6. Refer to leakage current measurement diagram
3. VaH = 4.0V on page 3-9
4. VA =5V, R =1k§l,CL = 10pF, Vg = 3VRMS, f = 100kHz
** Note: HI-200-4 has same specifications as H1-200-5 over the temperature range -20°C to {85004
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SCHEMATIC DIAGRAMS
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REFERENCE CIRCUIT

V-REF CELL

VREF

SWITCH CELL
¥ T
N1
V+
N12
INPUT Akl N13 OUTPUT
Oo—e I— —I J»—O
V-
]_J_JNZ
AS T

DIGITAL INPUT BUFFER

AND LEVEL SHIFTER

P9 '>‘| P10

N9 0—| N10

5 TOVREF
2002 N6
S | A
A
N4

L‘ N2 s |}
ALL N-CHANNEL A |
BODIES TO V- J_.I
ALL P-CHANNEL LN o
BODIES TO V+ g
EXCEPT AS SHOWN.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp = 25°C, VgyppLy = * 15V, VA = 2.4V VAL = 0.8V AND Vggf = OPEN).

HI-200

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

1mA
@
V2
L V.
Ron= mA 2
IN s s out

iy 'ii HI-200

ON RESISTANCE vs. TEMPERATURE

80 8
28
70 < =
Vi = — <=
IN=O0V / Py §
60 et 2a
g /1/ o
E .
S s e
1
40
8
o< 30
=
o
20
10
0
-50 -25 0 +25 +50 +75 +100 +125

Ambient Temperature -°C

(H1-200)
ON RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

100
V+=+10V ,1
— V- =-10V
V+=+12.5V /

=
= /_N\ v-=-25 T /
@ N V- = -15V
‘%
0)
o
=
o

0

-15 -10 -5 0 +5 +10 +15

Analog Signal Level - Volts

3-9



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

Switch Current - mA

SWITCH LEAKAGE CURRENT vs.
TEMPERATURE (H1-200)

100
4
— OFF LEAKAGE CURRENT
/ vs. TEMPERATURE
/
/ I(0FF) 1p(OFF)
/ IN 0 ouT
H1-200
IS(0FF)/D(OFF) eV = — TV
I L
10 = =
V4
7
7
< /
| / /
15 / /
3 /
ON LEAKAGE CURRENT
'D(V vs. TEMPERATURE
1.0 7 IN
II o\cﬁouT
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/ é
/ — 14V
o1 L
+259C +500C +750¢ +1000C +1250¢ =
Temperature
SWITCH CURRENT vs. VOLTAGE
90
L
" 7 SWITCH CURRENT
// vs. VOLTAGE
60
50 l/ N ouT
/ E——— N e
40 / . HI-200
30 V4 — vy =
/ e
20 /( Py
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0
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

(H1-200)
SWITCH TIME vs. TTL LOGIC LEVEL
ON/OFF SWITCH TIME vs.

500
LOGIC LEVEL
400 \ +10V IN
\ QFF ?
2 ‘Q > BHEAK-[BEFOHE—MAKE 6
Il -
oo -~ — —{ > _3’
E toN = 240ns Hi-200
] < out
£ w " < |
&% MAKE-BEFORE— 4—= Va 1K 35pF
- BREAK
100 —_
0
25 3.0 35 4.0 4.5 5.0
TTL Logic Level (VpR) - Volts
SWITCHING WAVEFORMS
DIGITAL
INPUT
SWITCH
outeut OV 10%
ton. toFF (TTL INPUT) ton. topF(CMOS INPUT)
Vpy = +4.0V VREF = OPEN, Vpp = +15V

[
-!

I
J \

Top: TTL Input  Vertical: 2V/Div. Top: CMOS Input Vertical: 5V/Div.
Bottom: Output  Horizontal: 200ns/Div. Bottom: Qutput Horizontal: 200ns/Div.
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N
-
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CMOS ANALOG
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o HARRIS

HI-201

Quad SPST CMOS
Analog Switch

FEATURES
e ANALOG VOLTAGE RANGE 215V
e ANALOG CURRENT RANGE 80mA
e TURN-ON TIME 185ns
e LOWRgN 55 Q
e LOWPOWER DISSIPATION 15mW

® TTL/CMOS COMPATIBLE

APPLICATIONS

® HIGH FREQUENCY ANALOG SWITCHING

® SAMPLE AND HOLD CIRCUITS

DIGITAL FILTERS

® 0P AMP GAIN SWITCHING NETWORKS

DESCRIPTION

HI-201 is a monolithic device comprising four independently
selectable SPST switches which feature fast switching speeds
(185ns) combined with low power dissipation (15mW at 250C).
Each switch provides low "ON" resistance operation for input
signal voltages up to the supply rails and for signal currents up
to 80mA. Employing Dielectric Isolation and CMOS processing,
HI-201 operates without any applications problems induced
by latch-up or SCR-mode phenomena.

All devices provide break-before-make switching and are TTL
and CMOS compatible for maximum application versatility.
HI-201 is an ideal component for use in high frequency analog
switching. Typical applications include signal path switching,
sample and hold circuit, digital filters,and op amp gain switching
networks.

HI-201 is available in a 16 lead dual-in-line package and a
20 pin LCC package. HI-201-2 is specified from -550C to
+1250C while HI-201-5 operates from 00C to +750C. HI-201
is functionally and pin compatible with other available
200 series” switches.

PIN OUT
TOP VIEWS
A 1> . 16 A
ouT1 z—ﬁ t—m ouT?2
N1 3 14 N2
V- a— 13 ve
GND 5 12 veer
iNe 6 N3
outa 7_—,J L."_'_’“ ouT3 &
Ay 3——{>~: L<}> 9 A3 [12]
P 2 2

=
5
2

FUNCTIONAL DIAGRAM

TYPICAL SWITCH

SWITCH OPEN
FOR LOGIC HIGH




SPECIFICATIONS

-
ABSOLUTE MAXIMUM RATINGS (=]
Supply Voltage Between Pins 4 and 13 44V (£22) Total Power Dissipation* 750mW )
—-—
VREF to Ground +20V, -5V Operating Temperature T
Digital Input Voltage: Vsupply(+) +4V H1-201-2 -550C to +1250C
Vsupply(-) -4V HI-201-4  -250C to +850C
Analog Input Voltage (One Switch) +Vsupply +2.0V HI-201-5 00C to +750C
-Vsupply -2.0V Storage Temperature -659C to +1500C
*Derate 8mW/OC Above Tp = +750C
ELECTRICAL CHARACTERISTICS
Unless Otherwise Specified :
Supplies = +15V, -15V; VREF = Open; VaH (Logic Level High) = 2.4V, VaL (Logic Level Low) = +0.8V
For Test Conditions consult Performance Characteristics
HI-201-2 HI-201-56*
-550C to +1250C 00C to +750C
PARAMETER temp. [ min ] Tve [ max. [ miv ] rve [ max. | units
ANALOG SWITCH CHARACTERISTICS =
Vg, Analog Signal Range Full -15 +15 -15 +15 ) (ST
2w
RON, On Resistance (Note 1) +250C 55 70 55 80 Q ; 3
Full 80 100 75 100 Q < |-
5=
o=
IS(0FF). Off Input Leakage Current (Note 6) +250C 2 5 2 50 nA sL
Full 500 250 nA ©
ID(0FF), Off Output Leakage Current (Note 6) +250C 2 5 2 50 nA
Full 500 250 nA
Ip(ON). On Leakage Current (Note 6) +250C 2 5 2 50 nA
Full 500 250 nA
DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold Full 08 08 A
VAH, Input High Threshold Full 24 24 \
IA, Input Leakage Current (High or Low) (Note 2) Full 1.0 1.0 MA
SWITCHING CHARACTERISTICS
tQPEN, Break-Before Make Delay (Note 3) +250C 30 30 ns
toN, Switch ON Time +250C 185 500 185 ns
tOFF, Switch OFF Time +250C 220 500 220 ns
“0ff Isolation” (Note 4) +250C 80 80 dB
CS(0OFF), Input Switch Capacitance +250C 55 55 pF
Co(oFF) +250C 55 55 pF
Qutput Switch Capacitance
Cp(oN) +250C 1 n pF
CA. Digital Input Capacitance +250C 5 5 pF
CpS(OFF), Drain-to-Source Capacitance +250C 05 05 pF
POWER REQUIREMENTS (Note 5)
Pp, Power Dissipation (Note 5) +250C 15 15 mW
Full 60 60 mW
1+, Current (Pin 13) +250C 05 05 mA
Full 2.0 20 mA
I-, Current (Pin 4) +250C 05 05 mA
Full 2.0 20 mA
NOTES: 1. VouT =210V IgyT=1mA 5. Va = +3V or Vp = OV for All Switches
2. Digital Inputs are MOS gates - Typical Leakage is Less Than 1nA. 6. Refer to leakage current measurement diagram
3. Vap = 4.0V on page 3-15
4. Vao =5V, R_=1k§),C| = 10pF, Vg = 3VRMS, f = 100kHz
* Note: HI-201-4 has same specifications as HI~201-5 over the temperature range ~20°C to +85°C.
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SCHEMATIC DIAGRAMS

VREF

TTL/CMOS
REFERENCE CIRCUIT

V-REF CELL SWITCH CELL
‘A: VY
L
N11
v+
N12
P11 I—
INPUT N13 OUTPUT
O—e H —i —O0
V-
Ll e
A S I

DIGITAL INPUT BUFFER v

AND LEVEL SHIFTER T

v
|

T | | °
—{ Pl ||
P4
P6 P7 P8 &) 0-| P10
[ ]
2009 N6 N7 N8 N9 0—’ N10
N4
N2 1
ALL N-CHANNEL _| 1 | NS T
BODIES TO V- ]——I |
ALL P-CHANNEL Ml e &
BODIES TO V+ g
EXCEPT AS SHOWN.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp = 25°C, VgyppLy =15V, Vay =24V V| = 0.8V AND Vggf = OPEN).

-
o
N
—
I

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

1TmA
>

V2

Aoy - 2
ONima

ouT
Oe—0—

Wiy f HI-201

ON RESISTANCE vs. TEMPERATURE

80
3
70 Sw
Vin = OV — §HIJ
IN® (X}
g 60 o oE
[ 50 e S
g /,
=
S » e
5 4w o
>
=
= 30
o
20
10
0
-50 -2 0 +25 +50 +15 +100 +125

Ambient Temperature - °C

(H1-201)
ON RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

100
//
| ve=sr0v |
g — V-=-10V (/ //v+=+15v
E V-= 15V
° Ve = 4125V / A
Lt V- =125V -
3 fr— - /
5 ]
g %
I
@
o
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o
0
-15 -10 -5 0 +5 +1 +15

Analog Signal Level - Valts




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

Switch Current - mA

Current — nA

90

80

70

60

50

40

30

20

1

0.1

SWITCH LEAKAGE CURRENT vs.
TEMPERATURE (Hi-201)

00

— .
y 4 OFF LEAKAGE CURRENT

// vs. TEMPERATURE

/ I(OFF) Ip(OFF)

/ DS out
HI-201
v =" =1V
I T

IS(OFF)/'D(0FF)
4
7
/.
/
// //
/ ON LEAKAGE CURRENT
'D((y vs. TEMPERATURE
- I
y.4
— J‘)\C out
yd . HI-201
/ -

14V

+259C

+500C +750C +100°C +1250C

Temperature

,

SWITCH CURRENT vs. VOLTAGE

7 SWITCH CURRENT
~ , vs. VOLTAGE

4/ ) IN ouT

yd O]

/| | EAUTY =

Voltage Across Switch - Volts
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SWITCHING WAVEFORMS

-
(=]
N
-
I

LOGIC 0" = SWITCH ON

DIGITAL _ VAH=4.0V

INPUT

SWITCH

output 9V 10%

ton. topp(TTL INPUT) ton. tOFF(CMOS INPUT)
V|N=4.0V VREF=0PEN,V|N=+|5V

SWITCHES

CMOSANALOG

1y FEYEE SRR A
+HHHHH HHHHH \... HHHrr -r HH

AN : t
Top: TTL Input Horizontal: 100ns/Div. Top: CMOS Input Vertical: 5V/Div.
Bottom: Output Vertical: 2V/Div. Bottom: Qutput Horizontal: 100ns/Div.

OFF ISOLATION VS. FREQUENCY

140 I-m»

OFF ISOLATION - dB
/

20

S
I
&

1kHz 10kHz 100kHz 1MHz
FREQUENCY - Hz
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o HARRIS

HI-201HS

High Speed Quad SPST
CMOS Analog Switch

FEATURES
® FAST SWITCHING TIMES ton = 30ns
toff = 40ns

® LOW ON RESISTANCE 30

® PIN COMPATIBLE WITH STANDARD HI-201

® WIDE ANALOG VOLTAGE RANGE £15V
(£15V SUPPLIES)

® LOWCHARGE INJECTION 10pC
(£ 15V SUPPLIES)

® TTL COMPATIBLE

® SYMMETRICAL SWITCHING
ANALOG CURRENT RANGE 80mA

APPLICATIONS

® HIGH SPEED MULTIPLEXING

® HIGH FREQUENCY ANALOG SWITCHING
© SAMPLE AND HOLD CIRCUITS

® DIGITAL FILTERS

® 0P AMP GAIN SWITCHING NETWORKS

® INTEGRATOR RESET CIRCUITS

DESCRIPTION

The HI-201HS is a monalithic CMOS Analog Switch featuring
very fast switching speeds and low ON resistance. This inte-
grated circuit consists of four independently selectable SPST
switches and is pin compatible with the industry standard
HI-201 switch.

Fabricated using silicon-gate technology and the Harris di-
electric isolation process, this TTL compatible device offers
improved performance over previously available CMOS analog
switches, Featuring maximum switching times of 50ns, low
ON resistance of 50§2 maximum, and a wide analog signal range,
the HI-201HS is designed for any application where improved
switching performance, particularly switching speed, is re-
quired. (A more detailed discussion on the design and applica-
tion of the HI~201HS can be found in Application Note #£543).

The HA-201HS is available in both plastic and ceramic 14 pin
DIPs as well as a 20 pin LCC package. The HA-201HS-2 is
specified over the temperature range from -550C to +1250C
and the -5 version from 00C to +750C. The HA-201HS-4 is
also offered from -250C to +850C.

PINOUTS
TOP VIEWS
a1 >— ~pt-15 2
| '
ouT1 2——-0IW 1'/0——-15 ouT2
INT 3 1 IN2
V- 4~ 13 v+
GND 5 — —12 Ne
ING 6 N3
ouTs 7 ——0 Lo_.—w ouT3
I N R

FUNCTIONAL DIAGRAM

()
TTL

LEVEL SHIFTER
LOGIC O——1— AND.
INPUT DRIVER

DRAIN
~O OUTPUT
= o




SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1) 2
Supply Voltage (Between Pins 4 and 13) 36V Total Power Dissipation (Note 2) 750mwW s
Maximum Junction Temperature 1750C N
Digital Input Voltage (Pins 1,8, 9, 16) * +VSUPPLY +4V Operating Temperature _—
-VSUPPLY -4V HI-201HS-2 -550C to +1250C I
HI-201HS-4 -250C to +850C
Analog Input Voltage (One Switch) -+VSuPpLY +2.0V HI-201HS-5 00C to +750C
Pins 2,3,6,7,10,11,14,15 -VSUPPLY -2.0V Storage Temperature -650C to +1500C
ELECTRICAL CHARACTERISTICS Unless Otherwise Specified, Supplies = +15V, -15V; VAR (Logic Level High) = 3.0V
VaL (Logic Level Low) =+0.8V, GND = 0V
HI-201HS-2 HI-201HS5, -4
PARAMETER TEMP. | MIN. ITYP, l MAX. | MIN. [TYP. [MAX. UNITS
ANALOG SWITCH CHARACTERISTICS
Vg, Analog Signal Range Full -15 +15 -15 +15 Vv
RoN, On Resistance (Note 3) +250C 30 50 30 50 Q g
Full : 75 75 Q 2 b
RoN Match +250C 3 3 % 2 §
IS(0FF), Off Input Leakage Current +250C 3 1 3 1 nA 8 =
Full 100 50 nA = @
ID(0FF), Off Output Leakage Current +250C 3 1 3 1 nA
Full 100 50 nA
Ip(oN). On Leakage Current +250C A 1 A 1 nA
Full 100 50 nA
DIGITAL INPUT CHARACTERISTICS
VAL, Input Low Threshold Full 0.8 08 \
VAH. Input High Threshold +250C 20 2.0 \"
Full 24 24 Vv
1AL, Input Leakage Current {Low) +250C 200 200 UA
Full -500 -500 MA
IAH, Input Leakage Current (High)(Note 9)| +250C 20 20 MA
Full +40 +40 MA
SWITCHING CHARACTERISTICS
tgN, Switch ON Time (Note 4) +250C 30 50 30 50 ns
tofFtSwitch OFF Time (Note 4) +250C 40 50 40 50 ns
tgFF2, Switch OFF Time (Note 4) +250C 150 150 ns
Output Settling Time 0.1% +250C 180 180 ns
“0ff Isolation” (Note 5) +250C 72 72 dB
Crosstalk (Note 6) +250C 86 86 dB
Charge Injection (Note 7) +250C 10 10 pC
Cs(0FF). Input Switch Capacitance +250C 10 10 pF
CD(OFF)' +250C 10 10 pF
Co(on). } Output Switch Capacitance | 550¢ 30 30 oF
Ca, Digital Input Capacitance N +250C 18 18 pF
CpS(0FF), Drain-to-Source Capacitance | +250C 5 5 pF
POWER REQUIREMENTS (Note 8) )
Pp, Power Dissipation +250C 120 120 mW
Full 240 240 mW
I+, Current (Pin 13) +250C 45 45 mA
Full 10.0 10.0 mA
1=, Current (Pin 4) +250C 35 35 mA
Full 6 6 mA




NOTES:

1. Absolute maximum ratings are limiting values, applied 5. Va =3V, R =1K$2,C = 10pF, V| = 3 VRMS,
individually, beyond which the serviceability of the f=100kHz
circuit may be impaired. Functional operability under 6. VA =3V, R = 1KS2, f = 100kHz, V| = 3 VRMS
any of these conditions is not necessarily implied. 7. CL =1000pF, Viy =0V, RN =082

2. Derate 8mW/OC Above Tp =+750C AQ=CLxAVg
OjA = 1000C/W 6jC = 320C/W 8. VA =3V orVa =0 for all switches

3. Vout =X10V,IgyT = 1mA 9. Va=4V

4. Rp = 1k§2, Cp = 35pF, Vi = +10V, VA = +3V
(See Switching Waveforms)

TEST CIRCUIT
SWITCHING TEST CIRCUIT (tgN, tOFF1. tOFF2)

V+ = +16V
T1a )
SWITCH SWITCH
INPUT OUTPUT
3 2
Vin = +10V O————1——0"| 0— Vo

| Ry Cp
Va

I
1
——D—‘ 1K 35pF
LoGic HI-201HS
INPUT E < l4

GND  V-=-15V
= RL
Vo =VIN R Ron

CL INCLUDES CFIXTURE + CPROBE

SWITCHING WAVEFORMS
LOGIC “0"" = SWITCH ON

DIGITAL

INPUT S
50%
~—toFE—=
20%
switch OV | 10%
OUTPUT
tOFF2

toN, toFF(TTL INPUT)
VAH = +3.0V

Top: TTL Input (2V/ON)
Bottom: Output (5V/Div.) Horizontal: 100ns/Div.
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TYPICAL PERFORMANCE CURVES

RON - ON RESISTANCE (OHMS)

ON RESISTANCE vs ANALOG SIGNAL LEVEL ON RESISTANCE vs ANALOG SIGNAL LEVEL

AND TEMPERATURE AND POWER SUPPLY VOLTAGE
80 o
V+=+15V
o TA = +250C
70 V-=-15V 720
60 : g 60
5 \\\\
50 P\, o 50 A
Q
\ g D
40 \\\ ek 5 40 \ \ \ r _/ -
@ I
+250C — & - /
30 \ -+ z 30
-550C — ! A V+=+15V  V-=-15V
20 g 20—B vi=+12V  V-=-12V
o« C V+=+10V V-=-10V
D V+=4+8V V-=-8V
10 10
[ 0 ‘ \
-15 -10 -5 o +5 +10 +15 -15 -10 -5 [} +5 +10 +15
VIN - ANALOG INPUT (VOLTS) VIN - ANALOG INPUT (VOLTS)
IS(OFE) or Ip(OFEF) vs TEMPERATURE * ID(ON) vs TEMPERATURE *
100.0 100.0 =
£ 100 £ 100
5 5
@ - & =
4 — o >
3 10 L__| 3 10
S " = R ————
g &
g < 1
< e >
W10 w10
) \
.01
01
25 75 125
25 75 125
T - TEMPERATURE (oC) T - TEMPERATURE (oC)
SUPPLY CURRENT vs TEMPERATURE LEAKAGE CURRENT vs ANALOG INPUT VOLTAGE
7 100
80
6 60
L~
et
2 a0 —
£ s g » 1IboN A
e T~ 2 o0 5
uog d b 20 ~
E N— E 1
8 ~—— I- x 40
> 3 & -60— ISOFF/IDOFF
o
g o 80
3 2 2 -100 %
| b4
. -120
T +V = 15V g r V4= +15V ]
: -V=-15vV S -140 V-=-15V
J - -160 ISOFF—Vp = 0V -
0 -180 IDOFF—Vs =0V
55 -35 -15 65 25 45 65 8 105 125 00 L1111
T - TEMPERATURE (oC) -14-12-10-8-6 -4 -2 0 2 4 6 8 10 12 14

ViN - ANALOG INPUT (VOLTS)

*THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +250C. BUT DUE TO
ENVIRONMENTAL CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT
REPRESENTATIVE OF ACTUAL SWITCH PERFORMANCE.
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TYPICAL PERFORMANCE CURVES (Continued)

DIGITAL INPUT LEAKAGE CURRENT vs TEMPERATURE *

1AH1

1AH2

I- LEAKAGE CURRENT (uA)

-200 IaL

- . VAL =0V

240 VAH2 =3V

-260 VAH1 =5V —
1 ]

25 35 45 55 65 75 8 95 105 115 125
T- TEMPERATURE (°C)

SWITCHING TIME vs TEMPERATURE

180 l,
160
tOFF2 -
140
_ 120
=
g
£
w100
=
=
o 80
H
I
2 60
8 tOFF1
!
o e
- TON
'+ =+15V
20 V-=-15V —|
y RL=1KQ
o CL = 35pF

-55 -36 -15 5 25 45 65 8 105 125
T - TEMPERATURE (oC)

SWITCHING TIME vs POSITIVE SUPPLY VOLTAGE

350

T T
V-=-15V
300l RL= 1KQ N
[ Cp =35pf \
= Ta = 259C N
i N
E
2 200 \\
=
g INJ_toFF2
F 175
\
150
: X
100 — tOFF1
50 tON

5 6 7 8 9 0 12 13 14 15
V+ - POSITIVE SUPPLY (VOLTS)

t ~ SWITCHING TIME (nsec)

LEAKAGE CURRENT vs ANALOG INPUT VOLTAGE

| - LEAKAGE CURRENT (nA)

(VinZ+14V, VN <-14V)

10
9
8
7
6
5
4
2
1 /
° 5 =
-1 /1
-2
-3]
4
-5|
6 V4 = +15V —
7 V- =-15V
TA = +250C
8 ISOFF—~VD =0V —{
9 IDOFE—V§ = 0V
_10! g | | |

§
-16.0 -155 150 -145 -14.0 +14.0 +14.5+15.0 +155 +16.0
VIN - ANALOG INPUT (VOLTS)

SWITCHING TIME vs POSITIVE AND NEGATIVE

350 T T
RL= 1K
| CL=35pF
300 TA = 250C
250 \
200 \ \
tOFF2
150 \ . —
N,
100
\\
[?
5 ‘\§ OFF1
tON |
0 |

SUPPLY VOLTAGE

16 46 +7 8 49 10 11 #2 3 14
V+, V- - POSITIVE AND NEGATIVE SUPPLY (VOLTS)

15

SWITCHING TIME vs NEGATIVE SUPPLY VOLTAGE

t - SWITCHING TIME (nsec)

350
V4 = 415V
200 — RL=1KQ
CL = 35pF
Ta = 250C
250
200 N
tOFF2
150 N
100 \\
t
o ov:n
[} o
5 6 7 8 9 10 1 12 13 14

V - NEGATIVE SUPPLY (VOLTS)

*THEORETICALLY, LEAKAGE CURRENT WILL CONTINUE TO DECREASE BELOW +25°C. BUT DUE TO
ENVIRONMENTAL CONDITIONS, LEAKAGE MEASUREMENTS BELOW THIS TEMPERATURE ARE NOT

REPRESENTATIVE OF ACTUAL SWITCH PERFORMANCE.
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TYPICAL PERFORMANCE CURVES (Continued)

OFF ISOLATION (dB)

350

300

250

200

t - SWITCHING TIME (nsec)

SWITCHING TIME vs INPUT LOGIC AMPLITUDE
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INPUT SWITCHING THRESHOLD vs
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3.0
25
20
1.8 |
15
1.0
5
0
5 6 7 8 9 10 n 12 13 14 15
*V - POWER SUPPLY VOLTAGE (VOLTS)
CAPACITANCE vs ANALOG INPUT
CDON
—_—
o
CDOFF or CSOFF 1
cD?OFF
-15 -10 -5 0 +5 +10 +15
VIN - ANALOG INPUT (VOLTS)
CROSSTALK vs FREQUENCY.,
T TTTT
V+=+15V
V-=-15V
VIN = 3VRMS
~ va=3Vv
-~
~ L\
N~
‘H.Wh
— Vo1 ~ ]
% RL=1K By
VIN RL i ~-\
— = -
Voz ™
. % o Rit
 — = = Vo2 -
CROSSTALK =20 L0G gt
0K 1 5, “10M

K L ™
- FREQUENCY (Hz) *
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SWITCHING CHARACTERISTICS

SWITCHING CHARACTERISTICS vs INPUT VOLTAGE ' LOGIC INPUT

Typical delay, tgN, tQFF, settling time and switphing transients
in this circuit.

V+=+15V

I

out Vo
.___._/Io_._
N % o | Ry cL
— Va |
= —-DJ 1K 35pF
Loaic HI-201HS I

GND V-=-15V

VA-LOGIC INPUT (VOLTS)
o

If R or C is increased, there will be corresponding increases
in rise and/or fall RC times.

V0 — OUTPUT SWITCHING WAVEFORMS

+10
+5 +5
0 VIN=+10V 0 === VIN = +5V
VIN=OV 0 VIN = -5V
-5
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SWITCHING CHARACTERISTICS (Continued)

V0 — OUTPUT SWITCHING WAVEFORMS

g VIN=-10V

APPLICATION INFORMATION

LOGIC COMPATIBILITY

The HI-201HS is TTL compatible. Its logic inputs (Pins 1, 8,
9, 16) are designed to react to digital inputs which exceed a fix-
ed, internally genérated TTL switching threshold. The HI-
201HS can also be driven with CMOS logic (0-15V), although
the switch performance with CMOS logic will be inferior to
that with TTL logic (0-5V).

The logic input design of the HI-201HS islargely responsible for
its fast switching speed. It is a design which features a unique
input stage consisting of complementary vertical PNP and NPN
bipolar transistors. This design differs from that of the standard
HI-201 product where the logic inputs are MOS transistors.

Although the new logic design enhances the switching speed
performance, it also increases the logic input leakage currents,
Therefore, the HI-201HS will exhibit larger digital input leakage
currents in.comparison to the standard HI-201 product.

CHARGE INJECTION

Charge injection is the charge transferred, through the internal
gate-to-channel capacitances, from the digital logic input to
the analog output. To optimize charge injection performance
for the HI-201HS, it is advisable to provide a TTL logic input
with fast rise and fall times.

If the power supplies are reduced from £15V, charge injection
will become increasingly dependent upon the digital input
frequency. Increased logic input frequency will result in larger
output error due to charge injection.

POWER SUPPLY CONSIDERATIONS

. {
The electrical characteristics specified in this data sheet are
guaranteed for power supplies of Vg = *15V. Power supply
voltages less than £15V will result in reduced switch perfor-
mance. The following information is intended as a design
aid only;

POWER SUPPLY VOLTAGES SWITCH PERFORMANCE

+12 <Hvg #15V Minimal variation

Vg < *2v Parametric variation
becomes increasingly large
‘(increased ON resistance,
longer switching times).
tyg < MOV Not recommended
SINGLE SUPPLY

The switch operation. of the HI-201HS is dependent upon an
internally generated switching thireshold voltage optimized for
+ 15V, power supplies. The HI-201HS does not provide the
necessary internal switching thresheld in a single supply system.
Therefore, if single supply operation is required, the HI-300
series of switches is recommended. The HI-300 series will
remain operational to a minimum +5V single supply.

Switch performance will degrade as power supply voltage is
reduced from optimum levels (£15V). So it is recommended
that asingle supply design be thoroughly evaluated to ensure
that the switch will meet the requirements of the application.

3-25

CMOS ANALOG
SWITCHES



- SCHEMATIC DIAGRAMS

TTL/CMOS
REFERENCE CIRCUIT - SWITCH CELL
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CMOS Analog Switches 2
5
FEATURES APPLICATIONS =4
' (42
® ANALOG SIGNAL RANGE (X 15V SUPPLIES) 115V ® SAMPLE AND HOLD i.e. LOW LEAKAGE SWITCHING -
® LOW LEAKAGE (TYP. @ 250C) 40pA ® 0P AMP GAIN SWITCHING i.e. LOW ON RESISTANCE T
® LOW LEAKAGE (TYP. @ 1250C) 1nA ® PORTABLE,BATTERY OPERATED CIRCUITS
® LOW ON RESISTANCE (TYP. @ 250C) 350 ® LOWLEVEL SWITCHING CIRCUITS
® BREAK-BEFORE-MAKE DELAY (TYP.) 60ns ® DUAL OR SINGLE SUPPLY SYSTEMS
¢ CHARGE INJECTION 30pC
® TTL,CMOS COMPATIBLE
® SYMETRICAL SWITCH ELEMENTS
® LOW OPERATING POWER 1.0mW
(TYP. FOR HI-300 - 303)
FUNCTIONAL DIAGRAM DESCRIPTION 2.
-
The HI-300 through HI-307 series of switches are monolithic devices fab- ‘z‘ %
s ricated using CMOS technology and the Harris dielectric isolation process. <=
These switches feature break-before-make switching, (HI-301, 303, 305 8=
& 307 only) , low and nearly constant ON resistance over the full analog =~
signal range, and low power dissipation, (a few milliwatts for the HI-300- ©
N ’_l I 303, a few hundred microwatts for the HI-304-307).
The HI-300-303 are TTL compatible and have a logic “0" condition with
an input less than 0.8V and a logic “1" condition with an input greater
than 4.0V. The HI-304-307 switches are CMOS compatible and have a
r—o D | low state with an input less than 3.5V and a high state with an input
greater than 11V. (See pinouts for switch conditions with a logic *1”’input.)
Dc All the devices are available in a 14 pin epoxy or ceramic DIP. The HI-300,
301, 304 and 305 are also available in a 10 pin metal can. Each of the
TYPICAL SWITCH 300 SERIES switch types are available in either the -550C to +1250C or 00C to +750C
operating ranges.

PINOUTS  (SWITCH STATES ARE FOR A LOGIC “1” INPUT)

DUAL SPST HI-300 & H1-304 SPDT HI-301 & HI-305
(TOP VIEWS) (TOP VIEWS)
o Ne[T] [1a] v+ o Ne[1] ha) v+
o2 1oz B e
NCE:}' {ENC ne[3] -—t@uc
sifa}—=1 it n]se si[4] L{11]s,
ne[s] | | [o]ne ne[5] ! [o]ne
> Holme s> [e]ne
ano|7] [8]v- anp [7] [8]v-
LoGic | swiTCH *The substrate and case are oGic | sw1 | sw2 *The substrate and case are
° OFF internally tied to V-. (The o oFF oN internally tied to V-. (The
H on case should not be used as 9 o o case should not be used as
the V-~ connection, however.) the V- connection, however.)
DUAL DPST HI-302 & HI-306 DUAL SPDT HI-303 & HI-307
(TOP VIEW) (TOP VIEW)
ow oIp
Ne[T] 18] v+ Ne[1] [1a] v+
S3(2 13] 54 s3 [Z—_\Q 13] 54 sw1 | sws
D;EQ [;E D4 LOGIC | SWITCH n3[3}6 T [o? °4—'__2-|°4 Logic | sw2 swa
D14 +—of11] 2 0 OFF p1[a EF'_D-EQZ 0 OFF OoN
s1E-°——‘:':I E;Esz 1 OoN s %m —Tals, 1 ON OFF
|N1E~D‘ ‘Q“EIINZ e [e D> <Hsm,
GND [ 7] [8]v- GND[7 8] v-
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SPECIFICATIONS HI-300 - HI-307

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between Supplies 44V (+22V) Total Power Dissipation
L + 14 Pin Epoxy DIP 526mW
Digital Input Voltage Vv +4.0V 14 Pin Ceramic DIP 588mW
V=40V 10 Pin Metal Can* 435mw
*Derate 6.9mW/00C Above Ta = 700C
Analog Input Voltage V* 15V .
9'np 9 V- 15V Operating Temperature HI-3XX-2 -550C to +1250C
’ HI-3XX-5 00C to +750C
Storage Temperature —650C to +1500C
ELECTRICAL CHARACTERISTICS  Unless otherwise specified; Supplies =+15V, -15V; V|y = Logic Input.
H1-300-303 : V|p - for Logic “1" =4V, for Logic 0" = 0.8V
HI-304-307 : V|p - for Logic “1""= 11V, for Logic 0" = 3.5V
-550C to +1250C 00C to +750C
PARAMETER TEMP MIN | TYP | MAX MIN | TYP | MAX UNITS
ANALOG SWITCH CHARACTERISTICS
Analog Signal Range Full -15 +15 -15 +15 \
RoN ON Resistance (Note 2) +250C 35 50 35 50 Q
Full 40 75 40 75 Q
ISOFF OFF Input Leakage Current (Note 3) +250C 0.04 1 0.04 5 nA
Full 1 100 0.2 100 nA
IDQFF OFF Output Leakage Current (Note 3) +250C 0.04 1 0.04 5 nA
Full 1 100 0.2 100 nA
1DQN ON Leakage Current (Note 4) +250C 0.03 1 0.03 5 nA
Full 05 100 0.2 100 nA
DIGITAL INPUT CHARACTERISTICS
VINL Input Low Level * Full 0.8 0.8 v
VINH Input High Level * Full 4 4 2
VINL Input Low Level ** Full 35 35 \
VINH Input High Level ** Full 1 1 v
IINL Input Leakage Current (Low) (Note 5) Full 1 1 MA
I|NH Input Leakage Current (High) (Note 5) Full 1 1 uA
SWITCHING CHARACTERISTICS
tQPEN Break-Before-Make Delay *** +250C 60 60 ns
toN Switch On Time * +250C 210 300 210 300 ns
tOFF Switch Off Time * +250C 160 250 160 250 ns
toN Switch On Time ** +250C 160 250 160 250 ns
toFF Switch Off Time ** +250C 100 150 100 150 ns
0ff Isolation (Note 6) +250C 60 60 dB
Charge Injection (Note 7) +250C 3 3 mvV
CSQFF Input Switch Capacitance +250C 16 16 pF
CDQFF Output Switch Capacitance +250C 14 14 pF
CDgp Output Switch Capacitance +250C 35 35 pF
Cyn (High) Digital input Capacitance +250C 5 5 pF
CiN (Low) Digital Input Capacitance +250C 5 5 pF
POWER REQUIREMENTS
I+ Current * (Note 8) +250C 0.09 05 0.09 0.5 mA
Full 1 1 mA
|- Current* (Note 8) +250C 0.01 10 0.01 100 MA
~ Ful 100 uA
I+ Current* (Note 9) +250C 0.01 10 0.01 100 MA
Full 100 WA
I- Current * (Note 9) +250C 0.01 10 0.01 100 uA
Full 100 MA
I+ Current ** (Note 10) +250C 0.01 10 0.01 100 MA
Full 100 uA
I- Current ** (Note 10) +250C 0.01 10 0.01 100 MA
Full 100 KA
I+ Current ** (Note 11) +250C 0.01 10 0.01 100 MA
Full 100 . MA
|- Current ** (Note 11) +250C 0.01 10 0.01 100 MA
Full 100 uA
* Hi-300 thru HI-303 Only; ** HI-304 thru HI-307 Only; *** HI-301, H1-303, H1-305, HI-307 Only
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HI-300 - HI-307

,ELECTRICAL CHARACTERISTICS NOTES:
1.

As with all semiconductors, stresses listed under “Absolute
Maximum Ratings” may be applied to devices (one at a time)
without resulting in permanent damage. This is a stress rating
only. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. The conditions
listed under “Electrical Characteristics” are the only conditions
recommended for satisfactory operation.

. Vg =X 10V, IgyT = -10mA On resistance derived from the

voltage measured across the switch under the above conditions.

. Vg=%14V,Vp=TF 14V.
. Vg=Vp=X14v.

. The digital inputs are diode protected MOS gates and typical

leakages of 1nA or less can be expected.

Vs = 1VRMS, f = 500kHz, C = 15pF, R = 1k.
CL = CFIXTURE + CPROBE, "Off Isolation” = :20logVS/VD .

. Vg =0V, CL = 10,000pF, Logic Drive = 5V pulse. (HI-300

-303) Switches are symmetrical; Sand D may be interchanged.
Logic Drive = 15V (HI-304-307)

VIN =4V (oneinput) ( all other inputs = 0V)

VIN = 0.8V (all inputs).

. VN = 15V (all inputs).

. VIN =0V (all inputs).

To drive from DTL/TTL circuits, pull-up resistors to +5V
supply are recommended.

TEST CIRCUITS

SWITCHING TEST CIRCUIT (ton, tOFF)

SWITCH TYPE VINH
H1-300 thru HI-303 4v
HI-304 thru HI-307 15V
+15V
V+
S D VO swITCH
Vs =43V 0————0~T 0— OUTPUT

RL CL
LOGIC - 300 33pF
INPUT

=GND O-15v

LOGIC “1”" = SWITCH ON
LOGIC VINH

INPUT 50% 50%
ov

|
ov !
H ]

-

OUTPUT

s
Vs1=43V o o O o
Vs2=+3V gy

LOGIC
INPUT

LOGIC
INPUT

ov

ov

SWITCH
OUTPUT

BREAK-BEFORE-MAKE TEST CIRCUIT (tggm)

SWITCH TYPE VINH
HI-301, HI-303 5V
H1-305, HI-307 15V

+15V
V+

0 0UT1

D2
0 OUT 2

°“_°T° [z oz Jmur Jou
3 T moITil

LOGIC “1” = SWITCH ON

Vi RL1=RL2= 3002
'""I l CL1=CL2=33pF

|

1
: : ouT 1
' : ouT2
50%,; 1 Aso%
ovi L ! !
P e
BBM —f [~ - l=—1tBBM
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HI-300 - HI-307

TYPlCAl PERFURMA NBE c”ﬁy[s Typical delay, rise, fall, settling times, and switching trans-

ients in this circuit.

| +15v
RDS(ON) VS. Vp AND Rps(on) VS. Vp AND Tw
TEMPERATURE POWER SUPPLY VOLTAGE Ragn =6 S
N =
. Te] > g o Ta—138
¢ V-2 ev ¢ i
EH H g = . — == VeeN [ RL CL
58 gs N~ -]'_ N | 10K prF
28 S H>‘
g g \ B — — —
U T — | = il
i S8, 2= Viogic GND
& B -
] S 0 = =
-16 - +5 + -16 -10 : - + +10 +15
VO~ DRAINVOLTAGE (voLTS) Vo - DRAINVOLTAGE (voLTs! If RGEN. RL or C|_ is increased, there will be proportional
increases in rise and/or fall RC times.
DEVICE POWER DISSIPATION
VS. SWITCHING FREQUENCY TTT1
SINGLE LOGIC INPUT : T 1]
2 H1-300 thru HI-303
” 4 @ -
A OFF ISOLATION g
B VS. FREQUENCY E
8 NN |
H £ fuomn g TTTT
@ < = 5
i /i 3 \\\\ : T
g f - - —~—t 5 3
§ = :',_ ol YTV v-s-18v °
3 [= HI-300 thru mq? 7 é_, stlea'bv;::* | | | rocicineur
i Il E n“' 108 107 108
T - FREQUENCY (Hz)
H1-304 thru HI-307
01 L
1 K 10K 100K 1M
LOGIC SWITCHING FREQUENCY (Hz)
5O% DUTY CYCLE I i J
111
*SEE NOTE
GEN = e
IS(OFF) OR ID(OFF)
VS. TEMPERATURE * ID(ON) VS. TEMPERATURE *
100 100
[T V=46V V=15V i
- [ V-=-15V [ v-=-16v
2 Vol =[Vs|=14v
&x 8 T
g g 1 2 e
83 s 4% -
i8 7 EE 74 g ™
Z -
g2 33 A
g‘i mE,’ é = =
2% 7 7 Py
H 2
>
8
o oo 2
* TEwEnATURE -2 3 T L‘:mum:’mn § v o S
§ & }—— YGEN=OV
* The net leakage into the source or drain is the n-channel leakage minus the p-channel leakage. This difference can be positive, 5
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. z
=
OUTPUT ON CAPACITANCE DIGITAL INPUT CAPACITANCE
VS. DRAIN VOLTAGE VS. INPUT VOLTAGE “
Eﬁ z 1] * | | VeEn- &V
<] cd
z §n 11
H 5
8 é 8 |——1 DUE TO ACTIVE INPUT) —
3 8 [ |
: :
5 2 —— A ]
° z 1 \
z S hansimon ||| MER!
§ W0 12 14 18 “ s 10 12 14 16 - VGEN = 10V
VD - DRAIN VOLTAGE (VOLTS) ViN - INPUT VOLTAGE (VOLTS) T 13
o 04 08 12 18
= Time (ush
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HI-300 - HI-307

- N N~
TYPICAL PERFORMANCE CURVES (Continued) o
SWITCHING TIME VS. SWITCHING TIME VS. SWITCHING TIME VS, SWITCHING TIME AND BREAK —
TEMPERATURE TEMPERATURE NEGATIVE SUPPLY VOLTAGE BEFORE MAKE TIME VS. I
HI-300 thru HI-303 HI-304 thru H1-307 H1-300 thru HI1-303 POSITIVE SUPPLY VOLTAGE
H1-300 thru HI-303 =
e
18
v e . F | <
= Y 1 H Vit 3 a .
v fon] 4] 5| e = on 0% ,. vy | o
: s g \\ e ViRt = 440V (=)
b ”4"’/ A on |_—1"] G oy 2 \ VINL=OV ] ™
L e P LT B0 i
z 2 E oFF SE os -
: e 3 \ I
7 P & ol vee ia
: oies 3 oS
p F - Za BaM OFF .
. sr-rsu’:nr‘rzns‘(:m“ e . .—“ = r-rsztn:mnet-c) s e VN =Y o8 oz m::cu \
5 0 " 5 10
V- NEGATIVE SUPPLY (VOLTS) V¢ POSITIVE SUPPLY (V)
SWITCHING TIME VS. SWITCHING TIME VS. INPUT SWITCHING THRESHOLD
POSITIVE SUPPLY VOLTAGE NEGATIVE SUPPLY VOLTAGE VS. POSITIVE SUPPLY VOLTAGE
HI-304 thru Hi-307 HI1-304 thru HI-307 HI-300 thru HI-307
- \'/-- ov Va =416V g ’ HI-304 thru HI-307, 1=
E e, H on Vi g Se
H viNL=ov = VINL= OV - Iy
e z o3 . =20
H . 2 £3 :v—
I 2 o -
e é 1OFF g&;’ : o=
z 5 [ =@
. 3 83 o
5 \
} T 5 10 Kl
I=3 tON Kl K - V+ POSITIVE SUPPLY VOLTAGE (VOLTS)
e V- NEGATIVE SUPPLY VOLTAGE (V) >
OFF
v+ VOLTAGE (V) !
. A
SWITCH CELL w“
- ‘==| MN1B
R .
MN2B MN3B l
w%l—__| l:Il
N O——¢ "J e L" p— ouT
“1 MN4B, r
MN5B
LI wee
DIGITAL INPUT BUFFER . v
AND LEVEL SHIFTER 5
v+ o; ®
D2A MP1A MPBA
2000
LOGICIN
D1A
MN1A
GNDO-
V-O—
SWITCH CELL
DRIVER
(ONE PER SWITCH CELL)
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- ws  HI-381/384/
- @rarmis 3877390

CMOS Analog Switches
FEATURES - APPLICATIONS ,
e ANALOG SIGNAL RANGE (£15V SUPPLIES) +15V e SAMPLE AND HOLD i.e. LOW LEAKAGE SWITCHING
® LOW LEAKAGE (TYP. @ 250C) 40pA o 0P AMP GAIN SWITCHING i.e. LOW ON RESISTANCE
® LOW LEAKAGE (TYP @ 1250C) 1nA ® PORTABLE BATTERY OPERATED CIRCUITS
®  LOW.ON RESISTANCE (TYP. @ 250C) 350 ® LOWLEVEL SWITCHING CIRCUITS
® BREAK-BEFORE-MAKE DELAY (TYP) 60ns ® DUAL OR SINGLE SUPPLY SYSTEMS
® CHARGE INJECTION 30pC
e TTLCOMPATIBLE -
® SYMMETRICAL SWITCH ELEMENTS ~
e LOWOPERATING POWER (TYP.) 1.0mwW DESCRIPTION

FUNCTIONAL DIAGRAM The HI-381 through HI-390 series of switches are monolithic

devices fabricated using CMOS technology and the Harris di-

electric isolation process. These devices are TTL compatible and

are available in four switching configurations. (See device pinout
~ for particular switching function with a logic /1" input.)

" These switches feature low leakage and supply currents, low and
* nearly constant ON resistance over the analog signal range, break-
before-make switching and low power dissipation.

%

The HI-381 and HI-387 switches are available in a 14 pin epoxy
or ceramic DIP or10 pin metal can. The HI-384 and HI-390
are available in a 16 pin epoxy or ceramic DIP. Each of the
individual switch types are available in the -550C to +1250C
and 00C to +750C operating ranges.

TYPICAL SWITCH - 300 SERIES

PINOUTS (SWITCH STATES ARE FOR A LOGIC “1" INPUT)

:I . DUAL SPST HI-381 SPDT HI-387
s [I?‘ & ls (TOP VIEWS) ~cE [14] ne (TOP VIEWS)
D H i D: : .
12l % 2 oz NCE [13] ne
12| NC
we [3] 2] 01[3 & iz] o2
ne [4] I € YRS i N I — Y S N
pIp s1[a L 1] s oP
IN 10| IN2 !
1[5} ol w[s -D-Da [10] ne
v+ [} 9]v-
v+[s] (9] v-
8 [GND
we[7] nef7 8] ano
W1 :
LOGIC | sw2 *The substrate and case are LOGIC. | sw1 SW2 *The substrate and case are
internally tied to V-. (The internally tied to V-. (The
0 ON case should not be used as o OFF ON case should not be used as
! OFF the V- connection, however.) . 1 ON | OFF the V- connection, however.)
01[—1__-0.‘;0————'5 s DUAL DPST HI-384 . o1[1}oro— i8] s DUAL SPDT HI-390
N(:E i T_51|N1 (TOP VlEW) N nef2 EIN‘ (TOP VIEW)
D3 Ejj E v- D3 E-o\‘ E V-
! . F
sl Y [Elow saE—:_j.__i [13] oo
——— DIP ——— DP
sa[5] :- 2] ne : ) . sa[5] - 12] ne
| S e 1
naE’-u‘;] [11] v , . 6o 1] v+ sw1 | sws
ne[7] i [10] N2 ’ LOGIC | SW1-4 ‘ ne[7] i 0] Nz Logic | sw2 swa
D28 -OLO——E S2 | ? %FNF . ‘ DZEA'LO—ESZ 2 %’: g:::
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between Supplies 44V (£22)
Digital Input Voltage
V4.0V
V- -4.0vV
Analog Input Voltage
V1.5V
V- -1.5V
Storage Temperature Range -659C to +1500C

Total Power Dissipation

14 Pin Epoxy DIP
14 Pin Ceramic DIP
16 Pin Epoxy DIP
16 Pin Ceramic DIP
10 Pin Metal Can*

*Derate 6.9mW/0C above T = 700C

Operating Temperature

HI-3XX-2
HI-3XX-5

526mW
588mwW
625mwW
685mW
435mW

-550C to +1250C
00C to +750C

VIN for logic 1" = 4V, for logic 0 = .8V

ELECTRICAL CHARACTERISITICS Unless otherwise specified; Supplies=+15V, -15V; VIN = Logic Input,

-550C to +1250C 00C to +750C
PARAMETER TEMP | MIN TYP MAX MIN TYP | MAX | UNITS
ANALOG SWITCH CHARACTERISTICS
Analog Signal Range FULL | -15 +15 -15 +15 v
RoN ON Resistance (Note 2) +250C 35 50 35 | 50 Q
FULL 40 75 40 75 Q
ISoFF OFF Input Leakage Current (Note 3) | +250C .04 1 04 5 nA
FULL 1 100 0.2 | 100 nA
IDQFF OFF Output Leakage Current +250C .04 1 .04 5 nA
(Note 3) FULL 1 100 0.2 | 100 nA
1DQN ON Leakage Current (Note 4) +250C .03 1 .03 5 nA
FULL 0.5 100 02 | 100 nA
DIGITAL INPUT CHARACTERISTICS
VINL Input Low Level FULL 8 .8 v
ViNH Input High Level FULL | 4 4 v
1INH Input Leak. Current. (High) (Note 5) FULL 1 1 uA
IiNL Input Leak. Current (Low) (Note 5) FULL 1 1 MA
SWITCHING CHARACTERISTICS
(H1-387/
tOPEN, Break-Before Make Delay 390 only) +250C 60 60 ns
toN, Switch ON Time +250C 210 300 210 | 300 ns
tOFF, Switch OFF Time +250C 160 250 160 | 250 ns
OFF Isolation (Note 6) +250C 60 60 dB
Charge Injection (Note 7) +250C 3 3 mV
CSQFF Input Switch Capacitance +250C 16 16 pF
CDoFF Output Switch Capacitance +250C 14 14 pF
CDop Output Switch Capacitance +250C 35 35 pF
Cin (High) Digital Input Capacitance +250C 5 5 pF
Cin (Low) Digital Input Capacitance +250C 5 5 pF
POWER REQUIREMENTS
I+ Current (Note 8) +250C .09 5 .09 5 mA
FULL 1 1 mA
|- Current (Note 8) +250C .01 10 .01 | 100 MA
FULL 100 MA
I+ Current (Note 9) +250C .01 10 .01 | 100 MA
FULL 100 HA
|- Current (Note 9) +250C .01 10 .01 | 100 A
FULL 100 HA

3-33

o
(<23
(%4
~
N~
[+
[
SN
<
[
[x¢d
S~
-—
©
™
—
I

CMOS ANALOG
SWITCHES




ELECTRICAL CHARACTERISTICS NOTES :

. As with all semiconductors, stresses listed under “Absolute
Maximum Ratings” may be applied to devices (one at a time)
without resulting in permanent damage. -This is a stress rating
only, Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. The conditions
listed under ““Electrical Characteristics” are the only conditions
recommended for satisfactory operation. :

2. Vg =210V, IgyT = -10mA on resistance derived from the
voltage measured across the switch under the above conditions.

3. Vg=114V,Vp=T%14V.

8. ViN=4V.

. The digital inputs are diode protected MOS gates and typical

leakages of 1nA or less can be expected.

. Vg =1VRMS, f = 500kHz, C|_ = 15pF, R = 1k,

CL = CFIXTURE + CPROBE, “off isolation” = 20log Vg/Vp.

. Vg = 0V, CL = 10,000pF, Logic Drive = bV pulse. Switches

are symmetrical; S and D may be interchanged.

(one input) (all other inputs = 0)

. Vin =0.8V. (all inputs)

10. To drive from DTL/TTL circuits, pull-up resistors to +5V
=vyp=1 '
4. Vs=Vp=214V. Supply are recommended.
TEST CIRCUITS
SWITCHING TEST CIRCUIT (tON, tOFF) BREAK-BEFORE-MAKE TEST CIRCUIT (tgBm)
SWITCH TYPE VINH SWITCH TYPE VINH
Hi-381 thru HI-390 5V HI-387 and Hi-390 5V
15V +15V
:‘/4_ TV+ o
1
Vs=43v & T 5 l b Sk Veyesav © s —o0uT1
Vsz=+3V ot . o 0UT2
R c '
LOGIC V- 3:1-0 S;pF _D_a RLZ_LCL2 :>RL1_ oL
INPUT v I < I
L —=anD . = = -
: we® Lo ]t L L 11
LOGIC “1” = SWITCH ON* -
v I
v Sk R = Logic LOGIC “1” SWITCH ON BL1zBiz-a00n
] INPUT  vinn
SWITCH M o
outpuT OV . | !
{tON}=- =i tOFF l= 509 \' 50%
ov | : ouT1
! i out 2
*Inverted logic for H1-381 swren X A
] ] T i
BEM ——f -~ i<—fBBM
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TYPICAL PERFORMANCE CURVES

RDS(ON) - DRAIN TO SOURCE
'ON RESISTANCE (OHMS)

RDS(ON) VS. Vp AND Rps(on) VS. Vp AND o
TEMPERATURE POWER SUPPLY VOLTAGE 8
80 T ~
v » - %
o o
@ ) > e »
Iy - 3
22 — ——
i ) Z § ~——"1 [
© \'\\ﬂ__// 8 e ] ®
- 255G Z — 8
— _560C / § % —~— — L— —
’ R e @
28 PR viwetev, V-V
o 8 B VH=+10V, V- .;osv _'-
~ pr pe C V=475V, V-=-78V
o ° vo “omam voLTAGE (V:Lﬁ) oo D VegisV, Vom-BV I
e T o oRANVOLTAGENOLTSI e
DEVICE POWER DISSIPATION o-om
VS, SWITCHING FREQUENCY
SINGLE LOGIC INPUT
1o —
=iy Vi OFF ISOLATION
F— Ta-2s0 £ VS. FREQUENCY
f— Vs =15V
RL=2 I
E 10 5 100 g o
S 7 g 80 ‘ 2‘ %
< 7 [ RL= 1002
: )I 3 ”\\E*\\\\\\ =E
% § w0l RL=ka N g =
3 / < s
= 10 — V4= 415V, V-=-15V =]
= £ 2 CcLoap-3uF
& HI-381 thru H1-390 3 Vs =1VRms
S
oms 108 107 108
- FREQUENCY (Hz)
1 10 100 1K 10K 100K 1M
LOGIC SWITCHING FREQUENCY (Hz)
50% DUTY CYCLE
ISoFF OR IDQEF VS. TEMPERATURE*. Ipon VS. TEMPERATURE*
100 - 100 5
:'!,7
= Vot ’5 voiey
< V| =|Vs|= 14V
i
ok
§ 5 10 = 8 10
23 7~ 2
w8 7 K Z
53 V4 2 7
a5 £8 pd
8L H H 7
w i ﬁ
H g 01 — 'g o - /
- § /ll 2 — =
001 0.01
25 7% 126 %5 ki 126
T- TEMPERATURE - oC T - TEMPERATURE (oC)
* The net leakage into the source or drain is the n-channel leakage minus the p~channel leakage. This difference can be positive,
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit.
OUTPUT ON CAPACITANCE DIGITAL INPUT CAPACITANCE
VS. DRAIN VOLTAGE VS. INPUT VOLTAGE
z 6
[ £
z L § 12
B
< <
S o TRANSITION (INDE
g g 8 DUE TO ACTIVE INPUT) —
5 5 |
2 % HI-381 thru HI-390
B <
3 w z 4
! S
g
8
UD 2 4 10 12 14 16 o 2 4 6 8 10 12 114 16
VD - DRAIN VOLTAGE (VOLTS) VIN - INPUT VOLTAGE (VOLTS)
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TYPICAL PERFORMANCE CURVES (Continued)

t - SWITCHING TIME (ns)

tON/OFF - SWITCHING TIME (ps)

tON/tOFF - SWITCHING TIME (ns)

SWITCHING TIME VS.
TEMPERATURE
HI1-381 thru HI1-390

Vem 418V
V-=-15V

VINH = 4.0V | 1
VINL=OV | ton

\

tOFF ’ﬂ
r/

-65

35 15 5 25 45 65 85 105 125

T - TEMPERATURE (oC)

SWITCHING TIME VS.

POSITIVE SUPPLY VOLTAGE

HI-381 thru HI-390

18 I
1.6 T
V- =-15V
14 Ta=250C |
VINH = 4V
12 \ VINL=OV
1.0 \
- AN
06
\ tON
04 ‘
tOFF
02 \

5
V+ - POSITIVE SUPPLY (V)

SWITCHING TIME VS.
NEGATIVE SUPPLY VOLTAGE

HI-381 thru HI-390

o |

100 — V+=+15V

TA=250C
VINH = 4.0V
VINL =0V

v

INPUT SWITCHING THRESHOLD
VS. POSITIVE SUPPLY VOLTAGE

VTH - INPUT SWITCHING THRESHOLD
VOLTAGE (VOLTS)

5 10 1
- NEGATIVE SUPPLY VOLTAGE (VOLTS)

HI-381 thru HI-390
7
T

V-=-15V
Ta=250C

6k

HI-381 thru HI-390
|

10 1
V+ POSITIVE SUPPLY VOLTAGE (VOLTS)

Typical delay, rise, fall, settling times, and switching trans-
ients in this circuit.

+18V
v+

If RGEN, RL or CL is increased, there will be proportional
increases in rise and/or fall RC times.

2s H1-384 thru H1-390 1
S 4 HI-381 INVERTED -
2 LOGIC
5 2
2
Z o0
o
g |1 rosicineur
o
3
y
Z
>
+10 *SEE NOTE
+5 {———
M
5 .
o HyHH waul
| VeEn=5V
g
=)
o
2
w
Q
R
3 o
: 5 —— VGEN=0OV
2
o
E
2
o
i
o
>
A
s VGEN = -5V
o ] e
-5 l o
-10
VGEN = -10V
° 04 ‘08 12 16
- TIME (s
* NOTE: The turn-off time is primarily limited

here by the RC time constant (100ns) of the

load.
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SCHEMATIC DIAGRAMS

SWITCH CELL
T
S |

MN4B

o] r
1

LU

sils

J][_lwwm Wezs }_"’_—i =

—— OUT

L_ MP18
=

DIGITAL INPUT BUFFER
AND LEVEL SHIFTER

MP1A ’—‘

gNA J——-“JPSA —‘ MPGA

H\AP?A

LOGIC IN

"{ . MPBA
A

Lele pRle

GNDO-

v-O—

-

MNBA

SWITCH CELL
DRIVER
(ONE PER SWITCH CELL)

—_—
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R e e———— e B

| HI-5040 thru HI-5051
& HARRIS HI-5046A
and HI-5047A

CMOS Analog Switches
FEATURES DESCRIPTION

® WIDE ANALOG SIGNAL RANGE 5V This family of CMOS analog switches offers low-resistance
e LOW "ON" RESISTANCE (TYP) 25Q switching performance for analog voltages up to the supply
e HIGH CURRENT CAPABILITY (TYP) 80mA rails and for signal currents up to 80mA. “ON" resistance is low
o BREAK-BEFORE-MAKE SWITCHING and stays reasonably constant over the full range of operating
TURN-ON TIME (TYP) 370ns signal voltage and current. RQ remains exceptionally constant
TURN-OFF TIME (TYP) 280ns for input voltages between +5V and -5V and currents up to
NO LATCH-UP 50mA. Switch impedance also changes very little over temp-
e INPUT MOS GATES ARE PROTECTED FROM ELEC- erature, particularly between 00C and +750C. Rqy is nomin-
TROSTATIC DISCHARGE ally 25 ohms for H1-5048 through HI-5051 and HI-5046A/

e DTL, TTL, CMOS, PMOS COMPATIBLE 5047A and 502 for HI-5040 through HI1-5047.

All devices provide break-before-make switching and are TTL
APPLICA TIONS and CMOS compatible for maximum application versatility.
Performance is further enhanced by Dielectric Isolation pro-
cessing which insures latch-free operation with very low input
and output leakage currents (0.8nA at 250C). This family of
switches also features very low power operation (1.5mW at

* HIGH FREQUENCY SWITCHING 250C).
e SAMPLE AND HOLD There are 14 devices in this switch series which are differentiated
by type of switch action and value of Rgp (see Functional
e DIGITAL FILTERS diagram). All devices are available in 16 pin D.I.P. packages.
The HI1-5040/5050 switches can directly replace IH-5040 series
e OP AMP GAIN SWITCHING devices and are functionally compatible with the DG 180/190
family. Each switch type is available in the -550C to +1250C
and 00C to +750C performance grades. :
FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM
PART NUMBER TYPE RoN
HI-5040 SPST 759
HI-5041 DUAL SPST “150 TYPICAL DIAGRAM
H1-5042 SPOT 759
HI-5043 DUALSPOT 759 oS
HI-5044 DPST 759
H1-5045 DUALDPST 759
HI-5046 DPOT 7590 A _.l }__
HI-5046A DPOT 3090
HI-5047 4psT 759
HI-5047A 4pST 309 —o0D
HI-5048 DUAL SPST 300 bc
HI-5049 DUAL DPST 300
HI-5050 SPDT 3090
HI-5051 DUAL SPOT 300
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SPECIFICATIONS

(/2]

ABSOLUTE MAXIMUM RATINGS g
/]

Supply Voltage (V* -V-) 36V Analog Current (S to D) 80mA (7]
VR to Ground ARV Total Power Dissipation* 450mW o
Digital and Analog vt +4v Operating Temperature g
Input Voltage V- -4V HI-50XX-2 -550C to +1259C ul)
HI-50XX-5 09C to +75°C ]

Storage Temperature -659C to +150°C I

*Derate 6mW/°C above T = 75°C

ELECTRICAL CHARACTERISTICS

Unless Otherwise Specified
Supplies=+15V, -15V; Vg = OV; Vpy (Logic Level High) = 3.0V; V5| (Logic Level Low) = +0.8V, V| = +5V
For Test Conditions, consult Performance Characteristics ’

-559C to +125°C 00C to +759C o
PARAMETER TEMP MIN TYP MAX MIN TYP MAX | UNITS 3 f_’u’
ANALOG SWITCH CHARACTERISTICS ) <Z( S
Analog Signal Range Full [-15 +15 -15 +15 % ff, =
Ron,”ON" Resistance (Note 1a) +25°C 50 50 Q g ?,
Full 75 75 Q ©
Ron,”ON"Resistance (Note 1b) +25°C 25 25 Q
Full 50 50 Q
Ron, Channel-to-Channel Match (Note 1a) +250C 2 10 2 10 Q
Ron, Channel-to-Channel Match (Note 1b) +25°C 1 5 1 5 Q
Is(0FF) = 'D(0FF). Off Input or Output +259C 0.8 0.8 nA
Leakage Current Full 100 500 100 500 nA
Ip(oN). On Leakage Current +250C 0.01 0.01 nA
. Full 2 500 2 500 nA
DIGITAL INPUT CHARACTERISTICS
VAL. Input Low Threshold Full 0.8 0.8 v
VaH. Input High Threshold Full 3.0 3.0 v
1. Input Leakage Current (High or Low) Full 01 1.0 .01 1.0 MA
SWITCHING CHARACTERISTICS
ton, Switch “ON" Time +250C 370 1000 370 1000 ns
toff, Switch “OFF" Time +250C 280 500 280 500 ns
Charge Injection (Note 2) +250C 5 20 5 mV
“OFF Isolation” (Note 3) +250C 75 80 80 dB
“Crosstalk” (Note 3) +250C 80 88 88 dB
CS(OFF), Input Switch Capacitance +250C n 1 pF
Co(oFF) +250C " n oF
Output Switch Capacitance
Coion), +250C 22 2 oF
Cp, Digital Input Capacitance +250C 5 5 pF
Cps (0FF). Drain-To-Source Capacitance +250C 05 05 pF
POWER REQUIREMENTS
Pp. Quiescent Power Dissipation +250C 15 15 mW
I*, +15V Quiescent Current Full 0.3 0.5 mA
1=, -15V Quiescent Current Full 0.3 0.5 mA
IL. +5V.Quiescent Current Full 0.3 05 mA
IR, Gnd Quiescent Current Full 0.3 0.5 mA

NOTES: 1.Vt =10V, Igyr = 1mA
a) For H1-5040 thru HI-5047
b) For H1-5048 thru HI-5051, HI-5046A/5047A
2.V,\ = 0V, C| = 10,000pF
3.R =100, f= 100 KHz, V) = 2 Vpp, C| =5pF
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SWITCH FUNCTIONS SWITCH STATES ARE FOR LOGIC “1” INPUT

SPST
HI-5040 (752)

DUAL SPST
HI-5041 (75Q2)

SPDT
HI-5042 (7582)

Vi v+ VL v+ VL v+
le Tn le Tn TIZ Tn
solt — orallop S1°I_G_Vr‘-L°D' s1o-8 oo,
! 15 | i
' Mo‘;_D'D-—- szo—‘-——o\;\' '__3_002
| Azo——-{ H>-- i
Aol > . s Aot D>
szo—-———og"-y—o D .
13 18 13 y" 13 lu
\;Ln é VR v- VlR v-
DUAL SPDT DPST DUAL DPST
HI-5043 (75%2) HI-5044 (7552) HI-5045 (7552)
Vi V+ Vi v+
VL V+
Tu Tn T'Z T" le Tn
sjo ot adlon, 16 1 s orxilon
4 3 $10—~———o0T X400 4 DS
$30————o0J y+>-00; ' s30—t+———o+A1—on;
A‘o"i'Db'_J szo—"———oﬂ"—i 1 50, A'OE_D'D—J
mo - e ro) -
szo—:D->‘° o Ao D> - sm—"-{Dﬂb—o‘*"—1 00,
840 +———0 1004 S40—> o2 {8 5p,
13 14 " l"
l A VR V- Lts Lm
VR v- . VR V-
DPDT 4PST DUAL SPST
HI-5046 (7502) HI-5047 (75%2) HI-5048 (30£2)
HI-5046A (30@) H1-5047A (3082)
VL Vi VL v+ VL v+
?‘2 T" le Tu . T’z T" .
Slo-'%-——-—oﬂ’ﬁ—-%o Dy sjo——— o+a L3 op, $107] | e
Szo—s———o‘!‘l—?o Dz s208 —o+a o, Mo
S30————o01E1-o0; s30—4——o+2{8 5p; 10
sot———o~+aton, sso—H———o0-21lon, A2°“'D‘[>'—’:
A HOD>- - 2
o A szo—s———o)/ﬁ-rs-ouz
ys lu m m 13 4
VR v- VR V- VR v-
DUAL DPST SPDT DUAL SPDT
HI-5049 (3002) HI-5050 (302) HI-5051 (302)
Vi v+ VL Ve ' V4
TIZ Tn le T“ le Tn
510%‘-——&1"-17001 §1 018! orillon sw—‘ﬁ———-o—rL—'—on,
SsOE——m——OD:; 1 ' ! 830—4—————0\'\'—3.053
A —J 4 ! 3 Ao O3
10 Szo————o\;\v——onz 10
A2 -1 i Az0— -
Szo—: x %onz A°1_5D_[>___. Sz&%—D-D I s 45,
540————0-J1—-—ou4 340—‘—0\‘\7—-8—004

13 14
ao¥

13 14
vl

&13 LM
VR V-
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PIN CONFIGURATIONS

SWITCH STATES ARE FOR LOGIC “0" INPUT

SINGLE CONTROL

SPDT
SPST HI-5042 (75%2) DPST
H1-5040 (75 H1-5050 (25£2) H1-5044 (7502)
o 1[}—y o—-fJss 11—y 90— st D1 1: :||s s1
2 | 15 A z[:; E [J1s A zE ‘l [ J15 A
35 : 14 v- D2 :Eﬂ [J14 v- o2 3[}—A : 14 v-
n H [113 vr s2 4[] ' 13 ve s2 4] : 13 va
s} - 12 v s[] b 11z v s ] b 12 v
s 311 v+ 6] [111 v+ O 11 v
00 10 dn [110 70 [J10
s [1 o 8[] p 9 s ] o
DPDT 4 SPST
HI-5046 (7552) HI1-5047 (7582
HI-5046A (2552) HI-5047A (25%2)
nz1E-—‘=\——jtasz o2 1[4, - 16 s2
2] H [J1s A 2 t ! 15 A
msr_“ﬁi s v- D1 3[—‘:0_—1 14 v-
s1e— [J13va sta[— [713 v
s4 5[] Vo Ouw sas [ }F— v 112 v
MGE——P'G i 11 v+ DASE—‘|; N BRI
0 ! : 10 7 q H HE w R0
e o o S oA =
DUAL CONTROL DUAL SPDT DUAL DPST
DUAL SPST HI-5043 (7552 H1-5045 (75€2)
HI-5041 (75%2) H1-5051 (2552} H|-5049 (2552
D1 1C—A,\)———j1s s1 o1 10}y e s1 o1 1y 16 s1
2] I: 15 a1 200 [115 a1 2] I pls a1l
3] i gj 1 v- 03 :[:‘jz] gju v- 03 3[—‘: :):l g_ju v-
4[] | ;13 VR s3 4[] — [113 vr s3 4[] —=---Y 113 vR
s . [J12 v sa s[] —ost T [J12 v s4 5[] £ 12 vi
6] ! iju v+ D4 g[::;l é:" v+ Da s[—v: [ ve
20 i 10 a2 11w B 10 a2 [1= I 110 a2
D2 sl:r—-‘\——:s s2 02 8[] \\0—— 9 s2 D2 a[:—‘;\—js s2
H1-5043 HI-5045
ONLY ONLY
DUAL SPST
HI-5048 (25(2) 1 [ U OI:IJ L /U c.ljl L
03 V- 'na V-
—a .
k 0 53 : , VR $3 ’: ot ] vr
2[] 115 A1 I I P
o1 3% [1a v- === @ r___._|_.__
st e[ F—t=—= 13 vR . | ' |
oo sS4 ! VL 34 VL
s2 s[ }—F—" "7 [ T2 v i - .
SEE J11 v D4 rqOA/ 5 V+ D4 V+
02 7[] [0 a2 10 ilzl 13 ‘ . 10 i1z| 13 /
s} uf -

82

A2

D2

S2 A2

Note: Unused pins may be internally connected.
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

(UNLESS OTHERWISE SPECIFIED Tp = 25°C, vt=+15V, V- =-15V, V=456V, VR =0V, Vpy =3.0Vand Vo =08V

ON RESISTANCE vs. ANALOG SIGNAL LEVEL,
SUPPLY VOLTAGE AND TEMPERATURE

- ImA
- V' 3:
Ron =735 V2
IN OO ouT
VN E

“ON"’ RESISTANCE vs. ANALOG SIGNAL LEVEL
AND POWER SUPPLY VOLTAGE

80
E o0
o
|
w
g vt =+10V o
< V- =10V “. ‘ =t12v
% 10 U —/ v-=-12v
o ~~ ' : <~
) + -
S 2 _JVvt=+i5v
V- =-15V
0
-15 -10 -5 0 - 45 +10 +15
' ANALOG SIGNAL LEVEL - VOLTS
NORMALIZED “ON" RESISTANCE vs. TEMPERATURE
“g‘ 1.2
<. Viy =0V
52 it
s A
o< 091 ,
2w 08
< (=4 B
=
-3
s o
S -B00 - 250 09 T 4280 7 4500 +750  +100° +1259

i . TEMPERATURE - °C

3-42




PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

LEAKAGE CURRENT

n
[
-
[+ 4
(7]
o
<
B
OFF LEAKAGE CURRENT v
100 ON/OFF LEAKAGE CURRENT vs. TEMPERATURE vs TEMPERATURE T
Ig(OFF) Ip(OFF)
LT10)
1A IS(0FF) = 'D(OFF) d o= 10V
= ov— =+
= I I
L~ - -
1nA -
= ON LEAKAGE CURRENT
'oion) vs. TEMPERATURE o
| Sw
IN ouT 3 i
100pA <Zt '_f__>
e
> e Sa
P =l S
- _
10pA
250 500 750 1000 1259 1p (ON)
TEMPERATURE - °C
- Hov
L
NORMALIZED “ON" RESISTANCE
vs. ANALOG CURRENT
14

“ON" RESISTANCE
vs. ANALOG CURRENT

-
()

IN ouT
12 ——-o¢—o——--@l
1 N Vin
= Ron="T
]
>

NORMALIZED “ON" RESISTANCE
(REFERRED TO 1mA)

-
[~]
—

(=]

20 40 60 80
ANALOG CURRENT — mA
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued)

OFF ISOLATION - dB

CROSSTALK - dB

“OFF"" ISOLATION vs. FREQUENCY

Znn
-160
\h
-120 ~
Rp = 100
"‘\hh. N N~~.
: T~ N
L __H 1t u
20 l Ry = 10k2 | TTH
1 10 100 1K 10K 100K [
FREQUENCY - Hz
"CROSSTALK vs. FREQUENCY
200 m
1605
L
\‘
M NN Ry = 10082
120 i ~j: L +HH
N N |
"\~~~. .
80 ‘\w..,‘ Ry = 1KQT™N TN
- [l ™
40 - ﬁ"’ﬂL
Ry = 10KSY ]
0
1 10 100 1K 10K 100K ™
FREQUENCY - Hz
POWER CONSUMPTION vs. FREQUENCY
200}
Z 160
2
o
£ [
=120
2
2
8
@
£ 80 /
e
-
0= ——
0 Lk 10K 100K ™

TOGGLE FREQUENCY (50% DUTY CYCLE) - Hz

Vin
{2V)pp

“OF

SWITCHED
CHANNEL

50

A N

v
F ISOLATION = 20 Iog(vl_N)
ouT

5092
ViN
(2Vipp

i

Vour

————-O/O———

ViN

“CROSSTALK" =20 Iog(-\l_)

ouT

+10V O—

-10V 0—

TOGGLE
AT 50% O—
DuTY

+5V +15V  -15V

s||——lv;(v—
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SWITCHING CHARACTERISTICS

(/]
2
ON/OFF SWITCH TIME VaH °
vs. LOGIC LEVEL n
S
Va o
n
| -
INy | I
—Y ouT 1
+10V -+ |
ouT2
1Ny ‘:\F
1 1K
VA _—D—l
=]
720 . SWITCHING TIMES FOR POSITIVE DIGITAL TRANSISTION 10 SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSISTION =z Q
=
660 660 / o E
w0 " / S3
540 \ 4 o
540 4
= 480 Z 180 5VVaR24V /
g - 15V >V 20V %
H = a0
2 w A g 7
3 N ] ~ ToN 5 %0 toN -~ V7
o N — 2 300 |t ol /
2%0 - 1|
%0 — 20 toFF
180 ]
120 10 | A"
60
28V 30V 6V 22V a8V 60
DIGITAL "HIGH" (Vag) ov 05V 1.0V 15V
DIGITAL "LOW" (V)
SWITCHING WAVEFORMS
TOP: TTL INPUT.{1V/DIV) TOP: CMOS INPUT (5V/DIV)
Vay =3V,Va =08V VaH =10V, Vp =0V
BOTTOM: OUTPUT (5v/DIV) BOTTOM: OUTPUT (5v/DIV
: 2
HHHHHHHHAHHHHHHHHHH R FHHHAHAHHHHHHHHHHHH T

-4
Tt

INN NN AW
AR EEREERERRES
INTHENENEENEEl FEETS
IAABAREARE RARE! RRRA

200ns/DIV 200ns/D1V
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SCHEMATIC DIAGRAMS

TTL/CMOS SWITCH CELL
REFERENCE CIRCUIT*
¥>+ £ —OVR
v 7K Aq(Ag) > T
D1 1
é’ QaP1 N1 1
Pl Z=D3 _
R1 D2 ) V+
20082 apP2 —» TO
TO Py v (VR N2 I-
VL [ QapP3 N3
+—Fns w— - —ouT
an1 R2 V-0
19K
P1
QN2 L
Aq(Ag) > J
oV.-
*Connect V*to V| for
oG powor
when driving from CMOS circuits
DIGITAL INPUT BUFFER
AND LEVEL SHIFTER
V+
Ps AP HPo AP H[Pe
m;
R4 4
A"
20082 A2,
Yid
| Em 12

ALL N-CHANNEL
BODIES TO V-

ALL P-CHANNEL
BODIES TO V+

EXCEPT AS SHOWN

L-| l—%no
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Multiplexers

Product Index | 42

Ordering Information - 4~3

Standard Pfoducts ‘ ,
Packaging Availability - 43

&2
w
>
[}
z
5
2
=

Selection Guide 4-4

Product Information 4-5

ABSOLUTE MAXIMUM RATINGS

As with all semiconductors, stresses listed under “Absolute Maximum Ratings”
may be applied to devices (one at a time) without resulting in permanent damage.
This is a stress rating only. Exposure to absolute maximum rating conditions for
extended periods may affect device reliability. The conditions listed under
“Electrical Characteristics” are the only conditions recommended for
satisfactory operation.
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+ HI-506/HI-507

- HI-506A/HI-507A -

7  HI-506LA/HI-507LA :

HI-508/HI-509 i

“HI-508A/HI-509A" *

HI-508LA/HI-509LA

HI-516
HI-518
HI-524
HI-539
HI-546/H1-547

HI-548/H1-549

HI-1818A/1828A
HY-9595/9596

. Single 1t
- Single 1
; Protectlon

Product Index

'leferentnal 8 Channe! CMOS Analog Multlplexers.(.; ....... . '.., .................. vt 4-5
Djfferentlal 8 Qhannel CMOS Analog Multiplexers. with: Actlve Overvoltage :

Single 16/Drfferent|al 8 Channel CMOS Analog Multlplexers wnh Latches and '

».»‘Overvoltage Protection:........couiin . Fiteeiinvpidofosnanssib Vinsesssessinitesnasisntsinnnossorass asiveidaare 4-17
Slngle 8/D|fferen’t|al 4 Channel CMOS Analog Multlplexers .......... e et emneseersEmriin 4-18
Smgle 8/D|fferentlal 4 Channel CMOS Analog Multiplexers with Active Overvoltage
PrOtECHION ..o 4-25
Single 8/Differential 4 Channel CMOS Analog Multiplexers with Latches and
OVvervoltage Prot@CHION .........ccecciiirieienieiie et bt 4-31
16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer .................... 4-32
8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer ...................... 4-37
4 Channel Video MUIIPIEXEN ......ccueiuiiieeiieienieseieete et aes e s sa s s 4-42
Monohthlc 4 Channel, Low Level, Differential Multiplexer............cccovnivnnnniiinnciinn. 4-47
Smgle 16/Differential 8 Channel CMOS Analog Multlplexers with Active Overvoltage
[ (o) (=11 (o] o OO OO N 4-56-
Single 8/Differential 4 Channel CMOS Analog Multiplexers with Act:ve Overvoltage
[ (o) (=11 (o] £ OO OO OO TS SO 4-62
Low On Resistance Single 8/Differential ;4 Channel CMOS Analog Multiplexers........... 4-68
Differential 8-Bit/Single 16-Bit Multiplexer with Programmable Gain Amplifier.............. 4-72
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Ordering Information |

HARRIS PRODUCT CODE EXAMPLE
H I 1 - 0506 - 5
- __I_.
PREFIX: __—J PART NUMBER
H (HARRIS)
TEMPERATURE:
FAMILY: 1 — 0°C to +2000C*
A — Analog 2 — -559C to +125°C
C — Communications 4 — -259C to +859C
D — Digital 5 — 0°C to+75°C
F — Filters 6 — 100% +25°C Probe (Dice Only)
| — Interface 7 — Dash-7 High Reliability Commercial
M — Memory Product. 0°C to +75°C
V — Analog, High Voltage 8 — Dash-8 Program
Y — Analog Hybrids 9 — -40°C to +850C
PACKAGE:
1 — Dual-In-Line, Ceramic
3 — Dual-In Line, Plastic * Special high temperature testing available
4 — Leadless Carriers (LCC) on certain product types. Consult factory for
4P — Plastic Leaded Chip Carrier (PLCC)  availability.
5 — LCC Hybrid
7 — Mini-DIP, Ceramic
0 — ChipForm

Standard Products Packaging Availability

PACKAGE PLASTIC CERAMIC SURFACE MOUNT
DIP DIP LCC PLCC

w
P
i
o
o
[
=}
=

TEMPERATURE 5 2 | -4 | 5 | 7 | 8 -8 -5

DEVICE NUMBER
MULTIPLEXERS

HI-0506
HI-0506A

HI-0507
HI-0507A

HI-0508
HI-0508A

HI-0509
HI-0509A

XX | XX | XX| XX

HI-0516
HI-0518

HI-0524
HI-0539

. HI-1818A
HI-1828A

XX XX | XX] XX| XX|XX]| XX
XX XX [ XX} XX} XX|[|XX]| XX

HI-0546
HI-0547

*
*

Hi-0548
HI1-0549

XX | XX XX XX|IXX]| XX| XX|XX| XX
XX XX XX XX |XX] XX| XX|XX]| XX
XX | XX XX] XX | XX] XX| XX]|XX]| XX

x x| x x
x % | x x

* %

* *
x| xx| xx] xx

*Available as MIL-STD-883 Only.
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CMOS MULTIPLEXERS

Selection Guide

TTL Ip(OFF) t{ON) t{(OFF)
‘HIGH | RonN((2) (nA) (ns) (ns) Pp(mWw) ARON
FUNCTION DEVICE FEATURE MIN(V) (TYP) (TYP) (TYP) (TYP) (TYP) (TYP) PAGE
4-Channel HI-1828A Low RON 4.0 250 0.05 350 250 5 N/A 4-68
Differential Low Leakage
HI-509 Low RoON 24 180 0.3 250 250 23 5% 4-18
HI-509A Analog Input 4.0 1.2K 0.3 300 300 75 N/A 4-25
Overvoltage Protection
HI-549 Analog Input 4.0 1.2K 0.3 300 300 7.5 7% 4-62
Overvoltage Protection Max
with Low ARQN
HI-509LA Address Latches and 20 1K 20 500 500 40 N/A 4-31
Advanced Overvoltage Protection
8-Channel HI-1818A Low RON 4.0 250 0.1 350 250 5 N/A 4-68
Low Leakage
HI-508 Low RON 24 180 03 250 250 23 5% 4-18
HI-508A Analog Input 4.0 1.2K 0.3 300 300 75 N/A 4-25
Overvoltage Protection
HI-548 Analog Input 4.0 1.2K 0.3 300 300 75 7% 4-62
Overvoltage Protection Max
with Low ARQN
HI-508LA Address 2.0 1K 20 500 500 40 N/A 4-31
Advanced Address Latches and
Overvoltage Protection
8-Channel HI-507 Low RoN 2.4 180 0.3 250 250 30 5% 4-5
Differential
HI-507A Analog Input 4.0 1.2K 0.3 300 300 7.5 N/A 4-11
Overvoltage Protection
HI-547 Analog Input 4.0 1.2K 0.3 300 300 75 7% 4-56
Overvoltage Protection Max
with Low ARQN
HI-507LA Address Latches and 20 1K 2.0 500 500 60 N/A 4-17
Advanced Overvoltage Protection
16-Channel HI-506 Low RoON 2.4 180 0.3 250 250 30 N/A 4-5
HI-506A Analog Input 4.0 1.2K 0.3 300 300 7.5 N/A 4-11
Overvoltage Protection
HI-546 Analog Input 4.0 1.2K 0.3 300 300 7.5 7% 4-56
Overvoltage Protection Max
with Low ARQN
HI-506LA Address Latches and 2.0 1K 4.0 500 500 60 N/A 4-17
Advanced Overvoltage Protection
8-Channel HI-518 High Speed 24 480 0.1 80 80 360 N/A 4-37
4-Differential Low Leakage
16-Channel HI-516 High Speed 2.4 620 0.035 100 80 525 N/A 4-32
8-Differential Low Leakage
4-Channel HI-524 Video 2.4 700 0.2 180 180 540 N/A 4-42
Bandwidth
4-Channel HI-539 Low Level 4.0 650 0.03 250 160 25 0.6% 4-47
Differential Signals RON ID(OFF)
=40 =.003
8-Differential HY-9595 Input Overvoltage 4.0 1.2K 03 TBD TBD TBD N/A 4-72
Advanced Protected, Latched
Programmable Gain
16-Channel HY-9596 input ov 4.0 1K 0.3 TBD TBD TBD N/A 4-72
Advanced Protected, Latched

Programmable Gain




& HARRIS I-506/507

M~
o
Q
Single 16/Differential 8 Channel &
CMOS Analog Multiplexer '?
I
Features Description
* Low On Resistance (Typ.)............... 1800 These monolithic CMOS muiltiplexers each include an array of sixteen analog
3 switches, a digital decode circuit for channel selection, voltage reference for logic
* Wide Analog Signal Range............. £15V thresholds, and an ENABLE input for device selection when several multiplexers are
¢ TTL/CMOS Compatible....... 2.4 V (Logic “1”) present. ’
© ACCESS TIMe (TYP.). « o vvevvveennnennns 250 ns The Dielectric Isolation (DI) process used in fabrication of these devices eliminates
the problem of latchup. Also, DI offers much lower substrate leakage and parasitic
© 44 V Maximum Power Supply capacitance than conventional junction-isolated CMOS (See Application Note 521).

With the low ON resistance (1802 typical), this allows low static error, fast channel

* Break-Before-Make Switching switching rates, and fast settling.

* No Latch-up The switching threshold for each digital input is established by an internal +5V
« Replaces DG506A/DG506AA and reference, providing a guaranteed minimum 2.4V for “4”” and maximum 0.8 V for 0"’
DG507A/DG507AA This allows direct interface without pullup resistors to signals from most logic families:

CMOS, TTL, DTL and some PMOS. For protection against transient overvoltage, the
digital inputs include a series 200Q resistor and diode clamp to each supply.

Applications The HI-506is a sixteen channel single-ended multiplexer, and the HI-507 is an eight
. channel differential version. Each device is available in a 28 pin ceramic or plastic @
¢ Data Acquisition Systems DIP, a 28 pin ceramic LCC or 28 pin plastic LCC (PLCC) package. The recommend- &
ed supply voltage is +15 V, and reasonable performance is available downto +7 V. ]
* Precision Instrumentation Ifinput overvoltage protection is needed, the HI-506A/507A multiplexers are recom- g
- o Demultiplexing mended. For further information see Application Notes 520 and 521. g
=

* Selector Switch The HI-506/507 is offered in both commercial and military grades. For additional
. Hi-Rel screeningincluding 160 hour burn-in specify the ““—8" suffix. For MIL-STD-883
compliant parts, request the 506/883 or 507/883 data sheet.

Pinouts Functional Diagrams
Top View ?
+Vsypp ot oot
Ne [ vsuep
NC ) ws
IN 16 0 w7
IN15 [T e OECODER
N1 [ s DRIVER
N3 N w4
IN12 ] w3
N1 [0 w2
N 10 0w
N9 % ENABLE
GND ADDRESS Ag
NC ADDRESS Ay
ADDRESS A3 ADORESS A7 R
PROTECTION
HI1-506 (ceramic) P
HI3-506 (plastic]
3-506 (plastic) HI-506
Top View
+Vsupp 0uT A IN 1AOm g O0UT A
ouT 8 Vsupp . |
NC INBA ° |
IN 88 INTA 1N 82 Ouap T -
wes wea e it oot s
IN 58 IN4A o v stcone
N 4B IN 34 [ \
N 38 N2A IN 880?74 ORIVER
N 28 IN 1A Ao te-
IN1B ENABLE
GND ADDRESS Ag ENABLE
NC ADDRESS A
XC ADDRESS Ap
“DIGITAL INPUT
PROTECTION
HI1-507 (ceramic) H14-507 (LCC) éé é (}u
HI3-507 (plastic) HI4P507 (PLCC) HI-507
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HI-506/507 Specifications

ABSOLUTE MAXIMUM RATINGS (Note 1)

VSupply(+) to VSupply (-) 44V Continuous Current, S or D: 20 mA
VsUgg|§(+) to GNDpp y 2V Peak Current, S or D . _

VSupplv(-) to GND 25V (Pulsed at 1 ms, 10% duty cycle max): 40 mA

>u . Power Dissipation* (Cerdip) 196 W

Digital Input Overvoltage: O;ﬁratin? Temperature Range: E59C 1o +125°C

-506/507-2,-8 L - to +

VEN, VA { VSupplyi+) Y } HI-506/507-4 —25°C to +85°C

Supply(~ HI-506/507-5 0°C to +75°C

or 20 mA, whichever occurs first. Storage Temperature Range —65°C to +150°C

Analog Signal Overvoltage (Note 7)

VD, Vs § VSupply(+) +2V
{ VSupply(-) -2V

*Derate 19.6 mW/°C above Ta =75°C-

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified:
Supplies= +15V, —15V; VAH(Logic Level High) = +2.4 V, VAL
(Logic Level'Low) = +0.8 V. For Test Conditions, consult Performance Characteristics Section.

HI-506/HI-507 HI-506/507
SOaHS - TRUTH TABLES
~ PARAMETER TEMP. | MIN. | TYP. [MAX. |MIN. [ TYP. IMAX.|UNITS
ANALOG CHANNEL CHARACTERISTICS HI-506
*V§g, Analog Signal Range Full | -15 +15 | -15 +15| V .
*RON, On Resistance (Note 2) +25°C 180 | 300 180 [ 400 | Q@ “ON"
: Full 400 500 @ A3|A2|A1|Ap |EN|CHANNEL
ARON, (Any Two Channels) +25°C 5 5 % XXX X L] NONE
*Is (OFF), Off Input Leakage Current (Note 3) +25°C 003 003 nA cleicicla 1
Full 50 50 | nA clclcinlnA 2
*Ip (OFF), Off Output Leakage Current (Note 3) | +25°C 03 03 nA LiclrlLln 3
HI-506 | Full 300 300 | nA LiL|lnlAlH 2
HI-507 | Full 200 200 | nA LlalLlc!n 5
*ID (ON), On Channel Leakage Current (Note 3) | +25°C 03 03 nA LIH|C|H!|H 6
© HI506 | Full 300 300 | nA LIHIRILIH 7
HI-507 | Full 200 200 | nA LiHlH|R|H 8
*“IDIFF, Differential Off Output Leakage Current Full 50 50 | nA Hlclicicln °
(HI-507 Only) HIL|LIH|R] 10
DIGITAL INPUT CHARACTERISTICS HIL|H|LIH 1
*VAL, Input Low Threshold Full +08 +08] V H|{L|H|H[H 12
*VAH;, Input High Threshold Full | +24 +24 \" H{H|L|L|H 13
*IA, Input Leakage Current (High or Low) (Note 4) | Full 10 10 | wA H{H|L|H|H 14
SWITCHING CHARACTERISTICS ,*_" : : ';. : Ig
*tA, Access Time +25°C 250 | 500 250 ns
Full 1000 1000} ns
*tOPEN, Break-Before-Make Delay +25°C| 25 | 80 25 | 80 ns
“tON (EN), Enable Delay (ON) +25°C 250 | 500 250 ns HI-507
; Full 1000 1000 ns
*tOFF (EN), Enable Delay (OFF) +25°C 250 | 500 250 ns oN
Full 1000 12 1000 ns CHANNEL
Settling Time (0.1%) +25°C 12 . us
9 20.010/)0) +25°C 24 24 us A2|A1|AO[EN|  PAIR
“Off Isolation” (Note 5) +25°C| 50 | 68 50 | 68 dB X|X|X|L NONE
Cs (OFF), Channel Input Capacitance +25°C 5 5 pF L{L|L]|H 1
CD (OFF), Channel Output Capacitance HI-506 | +25°C 44 44 pF LiL|H|H 2
HI-507 | +25°C 22 22 pF LIH|L|H 3
Ch, Digital Input Capacitance +25°C 5 5 pF LIH|H|H 4
CDS (OFF), Input to Output Capacitance +25°C 008 008 pF : ": L(H 5
POWER REQUIREMENTS M 8
*I+, Current, Pin 1 (Note 6) Full 15 | 30 15 | 30 | mA H{H|H/|H 8
*I-, Current Pin 27 (Note 6) Full 04 | 10 04 [ 10 | mA - -

*100% tested for Dash 8. Leakage currents not tested at —55°C.

NOTES: 1. Absolute maximum ra\mg‘s are hmiting values. applied individually. 5. Vgn 0.8V.R_ 1K.C_ 15pF.Vg 7VRpms.f 100kHz Worstcase iso-

beyond which the serviceability of the circutt may be impaired lation occurs on channel 8B due to proximity of the output pins
::nL:ﬂCIIOnal operation under any of these conditions is not necessarily 6. VEn.VA OV or 2.4V
plied ) .

2. Voyt £10V.lgyt -1mA. 7 Signal voltage at any analog input or output (S or D) will be clamped to
3. 10nA s the practical lower hmit for high speed measurement in the pro- the supply rail by internal diodes. Limit the resulting current as shown

duction test environment under Absolute Maximum Ratings. If an overvoltage condition is an-
4. Dugital input leakage 1s primarily due to the clamp diodes (see Sche- ticipated (analog input exceeds either power supply voltage). the Harris

matic). Typical leakage Is less than 1nA at 250C. HI-506A/507A multiplexers are recommended
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HI-506/507

Performance Characteristics and Test Circuits

Unless Otherwise Specified; TA = 25°C, VSupply = £15V,

VAH = 2

AV, VAL = 08 V.

ON RESISTANCE

vs. ANALOG INPUT VOLTAGE, TEMPERATURE

TEST CIRCUIT
NO. 1

ON RESISTANCE vs.

INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

1mA
-

— V; ——| pg-2
: TmA

out

Vin

NORMALIZED ON RESISTANCE

vs. SUPPLY VOLTAGE

400
22 B m—
= 20 +1250C2TA 2 -550C _|
- 300 < 3 ViN = 0V
A 3>
£ A RN
e — TA = +1250C L é = 16
g 200 - — < 3
5 TA = +250C _—+—T _ gE M <
2 —— EEm2 P
s ™ TA = -550C R RN
; K
I < 08
0 s
-1 10 N ! s o s T 1 19 f0 f1 Hz 13 tig s
VN Analog Input(Voits) Supply Voltage (Volts)
LEAKAGE CURRENT VS. TEMPERATURE
10004, TEST CIRCUIT TEST CIRCUIT
NO. 2* NO. 3*
EN|——O0 +0.8V
1o} out 0
100A utput o—
= eakaou':cou(v:r}‘.:; © o 1SIOFF) é g oJout
| SR— 1 — H | n
s R —o ° |
z . cwm“’ ov = = ;lov I I © e | 0+08v
3 ,/ L L = =nov
= = - - =
= v /’ TEST CIRCUIT
o A NO. 4*
Ceakons burrant — . *Two measurements per channel:
15 (0ff) +10 V/-10 Vand -10 V/+10 V.
100pA (Two measurements per device for Ip(OFF)
Z v +10 V/-10 V and -10 V/+10 V.)
~ :\c out
—0
B EN S?uo(om
e 750 w0e 1250 L Lo M L rov
Temperature 9C v = ="
I I
- +24v
LOGIC THRESHOLD POWER SUPPLY.
vs. POWER SUPPLY CURRENT OFF ISOLATION vs.
VOLTAGE vs. TEMPERATURE FREQUENCY
4 3.0 100 T ]Im]
H Ed T 80 N [ Ln =1k )]
53 E =
H g 20 £
g £ 5 60 L
£, Lt 3 VEN = 2.4V — 2 T AL - 10M
& " 3 E
s 5 VEN = OV T 740
3 2 10 - . l
£ 2 =2 g0 vey-ov
+l LR RETIH
I~ CLOAD = 28pF T Vg =7 VRMS
0 0 0 11 LA 1 LI 111
148 H10 12 114 H16 18 20 55 -35-15 -5 25 45 65 85 105 125 104 108 106 107

Power Supply Voltage (Volts)

Temperature (0C)
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HI-506/507

Performance Characteristics and Test Circuits (continued)

ON CHANNEL CURRENT vs. VOLTAGE TEST CIRCUIT

7 NO.5 ON CHANNEL CURRENT
= 60 TA = _55C vs. VOLTAGE
E et
= 50 —
g w = TA = 25 m
g < TA = 41259 ——O+—0——
% AL — VN O
” ] -
H 10 __IJ
00 +2 +4 +6 +8 10 +12 14 16
ViN - Voltage Across Switch
TEST CIRCUIT HEI0V
NO. 6 +ISupply
SUPPLY CURRENT
SUPPLY CURRENT vs. TOGGLE FREQUENCY vs. TOGGLE FREQUENCY
_ ’ A3 u:\g —-0 10/£5V
£ 6 Va A2 TIN 2—T0—)
= * HRU| &
5 VSupply = +15 A *HI-506 N sf——o— j_.__
3 s00 140 IN 160 110746V
g Vsuoly = $10V ( O™ o o '
S Supply = — - —! 1
K o b / 38V e
F / High = 35V
v -
0 A{é&’% DU%// CYCLE = A ) -ISupply =
K 10K 100K ™ oM
Toggle Frequency, (Hz) *Similar connection for HI-507 —15/-10v
TEST CIRCUIT oy ACCESS TIME
ACCESS TIME VS. LOGIC LEVEL (HIGH)  NO -7 9" vs. LOGIC LEVEL (HIGH)
600 A3 o —O 10V
< VA 2 N2 THRUIN 15 —O—
2 a0 o *HI-506 1o |—0 %10~
2 - 0
g 502 O £N out
z 200 = T s GND Vi
0 < _{ ~15v

Logic Level (High). (Volts)

Switching Waveforms

35V ADDRESS

ACCESS TIME

1

DRIVE (VA)
50% DI T
ov [ Va INPUT
— QV/DIV.
| s

T
S10N

+ ouTRUT
90%
—1ov

OUTPUT l

SV/DIV.
1l

S160N

f—

200 NS/DIV
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HI-506/507

. . N~
Switching Waveforms (continued) 2
TEST CIRCUIT g
NO.8 B
BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE T

DELAY (tOPEN) DELAY(tOPEN)

i ]

- -~ . F_v,\ INPUT |-
Az o o /DIv
ADDRESS N2 !
DRIVE (V) va - *H|-506::R|'§_0:\7_ oo Sow

ouTPU S " T '
TA 500 Vout ouTPUT
50% 50% = = aosv_ o o v
W J__ L a0 12.50F \/
— je— -
toPEN 18V 2t
100 NS/DIV
*Similar connection for HI-507
TEST CIRCUIT é
NO. 9 x
g
. ENABLE DELAY (tON(EN),tOFF(EN) ENABLE DELAY (tON(EN),tOFF(EN) 'E'
. - =

+15V
50% - — — = ENABLE DRIVE T _r

f <
ov A w | ENABLE 3 _
3 IN 1O +10v DRIVE +

| 2viDIv. ¥

*HI-5086 r4n,

Ay THRU T

rg A0 oL HHHHHHTHHH T HH
t | | €N out E3 1 i

1 ONEN) e toFF % s £3

-V
| |e— 200 ¥
| (EN) l 2 12.50F S16 OFF 3 0uTPUT
15V

||}-—qz

I 2vioiv

= i?i j

*Similar connection for HI-507

Schematic Diagrams ADDRESS INPUT BUFFER
LEVER SHIFTER
+V
ADDRESS DECODER i1 1
Hre
jw ‘! 2l l o
P P 3 P P P : S A
__I#' ‘—i% —“;le r‘E}J r‘ B T0 P-CHANNEL 4 "
’ DEVICE OF v
J_‘ N N THE SWITCH P P ) 5 P
= &l won | i
s [kl
THE SWITCH Ng Ny Ng Ng -I Mo
-V "
AN 2}
Ng - A
— 42 T Ne |}
A3 0R A3 SIT
L
ENABLE l
vl v-
— All N-Channel Bodies to V-
Delete A3 or A3 Input for HI-507 All P-Channel Bodies to V+

Unless Otherwise Indicated
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HI-506/507

MULTIPLEX SWITCH

TTL REFERENCE CIRCUIT
I

s l‘ [NQ" [qozv J

1 N

72

FROM DECODE l
Q3P J Qap
N .

Zml

v+ Ny |_
0
-{ Nig

Ll |
FROM DECODE

e
!

; L
Die Characteristics Transistor Count 421
Die Size ) 110 x 83 mils
Thermal Constants gﬁ 2(1)%/\/\,/\\// ‘ For Ceramic DIP
Tie Substrate to: -VSupply
Process: CMOS-DI




o HARRIS

HI-506A/507A -

3

Single 16/Differential 8 Channel <

CMOS Analog Multlplexer with Active Overvoltage Protection §

L]

Features - Description T
* Analog Overvoltage Protection......... 70 Vpp The HI-506A and HI-507A are analog multiplexers with Active Overvoltage Protec-

¢ No Channel Interaction During Overvoltage
eESD Resistant. ................ >4,000 Volts
* 44 V Maximum Power Supply

* Fail Safe with Power Loss (No Latchup)

* Break-Before-Make Switching

tion. Analog input levels may greatly exceed either power supply without damaging
the device or disturbing the signal path of other channels. Active protection circuitry
assures that signal fidelity is maintained even under fault conditions that would destroy
other multiplexers. Analog inputs can withstand constant 70 volt peak-to-peak levels
andtypically survive static discharges beyond 4,000 volts. Digital inputs will also sus-
tain continuous faults up to 4 volts greater than either supply. in addition, signal
sources are protected from short circuiting should multiplexer supply loss occur; each
input presents 1kQ of resistance under this condition. These features make the

" HI-506A and HI-507A ideal for use in systems where the analog inputs originate from

* Analog Signal Range................. 15V external equipment or separately powered circuitry. Both devices are fabricated with

. ical 500 44voltdielectricallyisolated CMOS technology. The 506A is a 16 channel device and

* Access Time (Typical)................ 00 ns the 507A is an 8 channel differential version. If input overvoltage protection is not need-

 Standby Power (Typical).............. 75 mW ed, the HI-506 and HI-507 multiplexers are recommended. For further information
’ see Application Notes 520 and 521.

. - Each device is available in a 16 pin plastic or ceramic DIP, a 20 pin ceramic LCC
Ag?lﬁat.'c:f’s package. @
* Da uisition .

a Acq The HI-506A/507A are offered in both commercial and military grades. Additional Hi- =4
¢ Industrial Controls Rel screening including 160 hour burn-in is specified-by the “—8" suffix. ;
=
o Telemetry 3
=
Pinouts Functional Diagrams
Top View 1k
IN Iﬁ PO 0UT
+Usupp 28 g ouT !
NC 21 Vsupp 1k
NC ®[ we N 2O '“’W—"""’f
IN 16 25 0] W7 T ---FA
N5 2] we : o ﬂg%lll‘:]é:
N1 230 w5 o
IN13 2] wa L4 " '
N2 21 []- 83 N mo-W
N1 200 N2 o JEp—
i 10 18 f W OVERVOLTAGE
NG 18 [ EnmsLE CLAMP.&
GND 17 [J ADDRESS Ag SIGNAL
VRgr i6 [] AODRESS A ISOLATION
ADDRESS A3 15 [ AOORESS Ay
“DIGITAL INPUT PROTECTION
HH-506A (ceramic)
HI3-506A (plastic) VREF AQ A1 A2 A3 EN
HI-506A
Top View N |Ao-—/\'/kv-—.—(f b0 0UT A
° h
+Vsupp OUT A PY I« : :
ouT B Vsupp IN 8A od—/vv—’-i-crf
NC IN 8A I P s
IN 88 INTA IN1B I“ O 0U
IN78 N BA GND IN8B 21 oo -
IN 68 IN 5A Vrer NC ° b DECODER
IN 58 IN A NC 0uT B [ PREREP ) ORIVER
IN 48 IN 38 Ay 4V SUPPLY| N8B0 o ] .
N 38 N 28 A E OUTA | —
IN 28 IN 1A Ay _V SUPPLY OVERVOLTAGE
IN1B ENABLE ENABLE IN 8A CLAMP &
GND ADDRESS Ag lsf]'ﬂ‘flh"
VREF ADDRESS Ay
NC ADDRESS A7
“0IGITAL INPUT PROTECTION
HI1-507A (ceramic) oo
HI3-507A (plastic) s K1 Kz
Hi4-507A (LCC) HI-507A
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HI-506A/507A Specifications

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voltage Between Supply Pins 44V Continous Current, S or D: 20 mA
VREF to Ground, V+ to Ground 22V Peak Current, S or D
V- to Ground 25V (Pulsed at 1 msec, 10% duty cycle max): 40 mA
Digital | o ttage: Power Dissipation* (Cerdip) 20W
igital Input Overvoltage: Opl_?lratlrégN Tem/gezrature Range: . c
-5606A/507A-2,-8 -55°C to +125°
VEN. VA { vaupew) v } HI-506A/507A-5 0°C to +75°C
upp ) ) Storage Temperture Range  —65°C to +150°C
Analog Input ng:v%%arg::’ Whichever occurs first. *Derate 20.0 mW/°C above Tp =75°C
VS VSupply(+) +20V
{ upp| -20V

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified:
Supplies = +15V, —-15 V; VREF (Pin 13) = Open; VAH (Logic Level High) = +4.0V; VAL
(Logic Level Low) = + 0.8 V. For Test Conditions, consult Performance Characteristics section.

HESOBAHISO7A. | - HI-S06A/S07A TRUTH TABLES
PARAMETER TEMP. | MIN. | TYP. [MAX.| MIN. | TYP. [IMAX.|UNITS| HI-506A
ANALOG CHANNEL CHARACTERISTICS :
.\F/(S, Anglog Signal Range Full | -15 +15 | -15 +15| V “ON"
*! , On Resistance (Note 2) © .
o o2 el 12| B] a1 ] s sofenlosive.
*Is (OFF), Off Input Leakage Current (Note 3) +25°C 003 003 nA XX |X|X|L| NONE
Full 50 50 | nA LILILjL[H 1
*Ip (OFF), Off Output Leakage Current (Note 3) | +25°C 01 0.1 nA LILJLIHIH 2
HI-506A | Full 300 300 | nA LILIH|L|H 3
HI-507A | Full 200 200 | nA LILIH{HIH 4
*Ip (OFF), with Input Overvoltage Applied (Note 4) +25°C 40 40 nA LIH|L|LIH 5
Full 20 A LI|H|[L[H]|H 6
*ID (ON), On Channel Leakage Current (Note 3) | +25°C 01 01 nA LIH|HIL[H 7
HI- Full 300 300 | nA LIHIH|H|H 8
HI-507A | Full 200 200 | nA HIL|LILIH 9
IDIFF, Differential Off Output Leakage Current Full 50 50 | nA HIL[LIH[H 10
(HI-507A Only) H|L|H|L[H 1
DIGITAL INPUT CHARACTERISTICS HH NN
*VAL, Input Low Threshold TTL Drive Full 08 08| VvV HIH|L|H|H 14
*VAH, Input High Threshold (Note 8) Full | 40 40 \ HIH|H|L|H 15
VAL  MOS Drive (Note 9) . +25°C 08 08| Vv HIH|HIHI|H 16
VAH +25°C| 60 60 \"
*IA, Input Leakage Current (High or Low) (Note 5)| Full 10 10 | pA
SWITCHING CHARACTERISTICS
*tA, Access Time +25°C 05 05 us HI-507A
Full 10 10 | us
“tOPEN, Break-Before-Make Delay +25°C| 25 | 80 25 | 80 ns ON
*tON (EN), Enable Delay (ON) +25°C 300 | 500 300 ns CHANNEL
Full 1000 1000| ns A2|A1|Ag|EN PAIR
*tOFF (EN), Enable Delay (OFF) +25°C 300 | 500 300 ns X|X|X]|L NONE
Full 1000 . {1000| ns LIL|L[H 1
Settling Time (0.1%) +25°C 1.2 1.2 us LI{L|H|H 2
(001%) +25°C 35 35 s LI{H|L|H 3
“Off Isolation” (Note 6) +25°C| 50 | 68 50 | 68 dB LIH|H|H 4
Cs (OFF), Channel Input Capacitance +25°C 5 5 pF H(L|L|H 5
CD (OFF), Channel Output Capacitance HI-506A | +25°C 50 50 pF HILIH|H 6
HI-507A | +25°C 25 25 pF HIH|L|H 7
CA, Digital Input Capacitance +25°C 5 5 pF HIH|H|H 8
CDS (OFF), Input to Output Capacitance +25°C 01 01 pF
POWER REQUIREMENTS
PD, Power Dissipation Full 75 75 mwW
*1+, Current Pin 1 (Note 7) Full 05 | 20 05|20 | mA
*|—-, Current Pin 27 (Note 7) Full 002 | 10 002 10 | mA
*100% tested for Dash 8. Leakage currents not tested at ~55°C.
NOTES:
1. Absolute maximum ratings are limiting values, ap- speed measurement in the production test 6. VEN =08V.R =1K,C| =15pF Vg =7
plied individually, beyond which the serviceability environment. VR f = 100kHz. Worst case isolation occurs
of the circuit may be impaired. Functional opera- 4. An; Overvoltage = £33 V. on channel 88 due to proximity of the output pins.
tion under any of these conditions is not necessar- 5. Dlgltal input leakage is primarily due to the clamp 7. VEN, VA = 0V or40V.
ily implied. iodes (see Schematic). Typical leakage is less 8. To drive from DTL/TTL Circuits, 1 k@ pull-up
2.VouTt = +10V, oyt = -100 pA. than 1nAat25°C. resistors to +5.0 V supply are recommended.
3. Ten nanoamps is the practical lower limit for high 9. VREF = +10V.
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HI-506A/507A

Performance Characteristics and Test Circuits ,‘E
ON RESISTANCE vs. o
Unless Otherwise Specified: TA = 25°C, VSuppIy = 15V, INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 0
VAH = +4V, VAL = 08V And VRef = 0 100 A 2
©
o
Ron= "2 -— vV, ———» 0
TEST ON " Jooua L
CIRCUIT w 0 <
NO. 1 -O—0——+—
- ——oO
ViN
ON RESISTANCE NORMALIZED ON RESISTANCE
" vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE
’ I T T T
13 Tp - +1259C LdE 8 (,::52552\;’* SRR
o 12 §3 14
T &% N
g Tp = +259C <2 \
510 3 12
% - Z 0 § 3 \
Y Ta=-55°C iz u ~
08 S50
£ 09 g
08 0}
-10 -8 -6 -4 -2 0 2 4 6 8 10 5 +6 # +8 49 0 11 +#12 #1314 15 o
V|n - Analog Input (Volts) Supply Voltage - Volts g
=
LEAKAGE CURRENT VS. TEMPERATURE
100nA TEST —0 EN +0.8V
CIRCUIT ° our
NO. 2* o 9]
° @ID(OFF)
LEAKAGE -10v ﬁ: jT[ s10v
TEST
GEF QUTPUT /// CIF({)CUIT °
g ON LEAKAGE CURRE! NO. 3* é - out
5 CURRENT DIOFY) IS(OFF) o
3 Ip(ON) o
4 -
3 Sy 7 _‘[‘_ s EN}——0+08V
II ,11 = i—-zwv
A AN ] =
:'55?3(3:();5 CURRENT TEST
100pA CIRCUIT
= NO. 4* j\f our
Z . o
O EN ng(ON)
*Two measurements per channel: Ao Ay )
+10 V/-10 Vand -10 V/+10 V. v -=-. - ==V
10pA (Two measurements per device for Ip(OFF): T L J) _l I
25° 50° 75° 100° +10 V/-10 V and -10 V/+10 V.) = FyvEe
Temperature —°C
ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ANALOG INPUT
- = . OVERVOLTAGE CHARACTERISTICS
Tl 2 TEST
Sisls. 8 ) CIRCUIT W Ip (OFF)
- anatog vt | _J7 NO. 5 _O'\O——
S 12142 & —1—CURRENT (i) 1 _E®—-—o
_; io /’: Ly [0
R 2'2 T QUTPUT OFF T :—? .
2 3p1-2 LEAKAGE CURRENT—| =
= 1 3 IplOFF) X
" #15  +18 21 124 127 130 - £33 136
VN - Analog Input Overvoltage (Volts)
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HI-506A/507A

Performance Characteristics and Test Circuits (continued)

ON CHANNEL CURVRENT vs. VOLTAGE TEST

e —  CIRCUIT ON CHANNEL CURRENT
< Z il NG, 6 vs. VOLTAGE
g w0 L~ - +1250¢
R e
3t 7 00—
£ w 7 iN
i Z -

T J; ® a0 12 w4

V) - Voltage Across Switch

+15/+10V
TEST
CIRCUIT  suPPLY CURRENT  (&)™™
SUPPLY CURRENT vs. TOGGLE FREQUENCY ) vs. TOGGLE FREQUENCY
< i l . A3 :x,__o +10/45V
<6 r A IN2 T
§ VsuppLy =15\ - / Va b | A: *HI-506A TH" :33_4__
;& 4 ! \ Ag Wis |—O FwEsy
3 VsuppLy = 10V (| / o] en our
| — — 4V GND -V, 14 pF
2 - - 10Ma —
]
0 K 10K 100K ™ oM = “lsuppLy
Togale Frequency, Hz *Similar Connection for HI-507A A
TEST ACCESS TIME
v CIRCUIT vs. LOGIC LEVEL (HIGH)
ACCESS TIME VS. LOGIC LEVEL (HIGH) NO.8 7 o
00 Tr—
= A3 ) IN 1 —O v
Z s00 A
E 700 VREF= OPEN for Logic High Level<6V ~ _| YA AZ, ZTHRUNIS—O—")
8 M“\ VREF= Logic High for Logic High Levels>6V A *HI-506A N1
i 50 N~ = 750" Sw— - GND l o~ i

2 ~15V
U3 4 5 6 7 8 9 10 11 12 13 14 15 !

Logic Level (High), Volts - . - .
*Similar Connection for HI-507A

| IS "

Switching Waveforms

Van = 4.0V ADDRESS Vj INPUT

DRIVE (V) N/DIV.
WV AN ov 3

AL oUTPUT
|
90%
| 1oV \
! T OUTPUTA

| | \ ) 5V/DIV.
—bl N je— \ ]

[t —

200ns/Div.




HI-506A/507A

Switching Waveforms (continued) §
o
TEST ©
CIRCUIT 2
NO. 9 BREAK-BEFORE-MAKE DELAY(tOPEN) g
s
BREAK-BEFORE-MAKE E
Vap = 40V DELAY (tOPEN) ! Vp INPUT
= v 2V/DIV.
ADDRESS N W 0
ov DRIVE (Vp) . 2
Yow , HIiS06A -0 1A 0N BAON
OUTPUT ™ N 18] vour N
50" 50¢ ot out \ OUTlPUT/l /
AV = T w0 i»E . - \ 05V/DIV. l
— je— = »
10PEN g V ]U
*Similar Connection for HI-507A 100ns/Dv.
TEST
CIRCUIT . . @
NO. 10 ENABLE DELAY (tON(EN),tOFF(EN) %
)
. o
ENABLE DRIVE ENABLE DELAY (tON(EN),tOFF(EN)) g
Vay - 4.0V A3 N O 10 =
: —* *HI-506A
50% £ - — — — iz
m L+ oL
| ov [: out .
: 90 ouTPUT Va oo B . U
_m L =
ouTe
—»{ 'ON(EN) :~—— ! gpe ! = = L N1 THRU / 2\1/33\/6
I b Ew e IN 8 OFF
100ns/Div.
*Similar Connection for HI-507A
Schematic Diagrams TTL REFERENCE CIRCUIT
" ADDRESS INPUT BUFFER
REF AND LEVEL SHIFTER
LEVEL SHIFTER

|
|
|
1
[

LEvEL
SHIFTED
, ) 10 5Ee00e
OVERVOLTAGE
PROTECTION —|%j |
| |
| v LevEL
L] Ny
[ ' N N |
| 0 DECODE
g =
12000 1 h 1
[N S i
Ll
! ]




HI-506A/507A

Schematic Diagrams (continued)

ADDRESS DECODER v om MULTIPLEX SWITCH
. ! PR o rateron T f
P DI P s P 2 P] ] TorcHanneL | Ve ~ ---__f-} e
T A T e ] 5
N N ' N ) ' t
. OFKL"' L‘ - i . 06 o 04 05 : :
I [+ T |
A ORA — : % ' '
i ' TO N CHANNEL '
DEVICE OF Vo '
— THE SWITCH | i
A20RA; : ]
| b o - DAUNDEDE DEp, - 14"——
A30R A3 ! DEFC%%ﬁg
ENABLE !
Delete A3 or A3 1
Input for HI-507A
Die Characteristics Transistor Count 485
1IZ_)ie Size c 16156( o%sl\xlnils
hermal Constants bia | ;
0ic 18G/W For Ceramic DIP
Tie Substrate to: -VSuppl
Process: CMOS-D

4-16




=l
ADVANCED Single 16/Differential 8 Channel 5
CMOS Analog Multiplexers with 9
. —
Latches and Overvoltage Protection T
Py -
Features Description ©
. These ithic CMOS feature board address latches, plus overvoltage protection 8
[ Analng Overvoltage pmtection for the analog inputs and the output as well. Each model includes digital inputs for channel selection ]
== and an Enable input for device selection under program control. In addition, Write (WR) and Reset —
® Resettable Latches (RS) (RS) inputs allow the program to store or clear the channel address. I
° -
TTL/DTL and CMOS Cnmpatlhle The overvoltage performance of these multiplexers is particularly useful in redundant systems, where
o Failsafe for conditions of Overvoltage & Loss of Power the inputs and output must present a high inpedance when power is off. This is achieved by a switch
. cell with three MOSFET s in series rather than the conventional transmission gate design.
® No SCR Latch-up
| -] itehi Each channel can withstand overvoltage to +25VDC with respect to ground with power ON or OFF.
® BI:eﬂk before-make SWItGhII:lg An OFF channel remains OFF in the presence of overvoltage. If the channel is ON, output voltage is
° Mlcroprocesor Bus compatlhle clamped below the supply rail, which protects the load circuit.
L4 Very low leﬂkaﬂe’ln(oﬁ)S“A (tYP) The HI-506LA offers 16 single-ended channels, and the HI-507LA is an 8 channel differential
° ime-ta = version. The recommended supply voltages are +15V, though operation at reduced levels or with a
A'-:e_ss time t{‘ 500“3.(tv|l)_ single supply may also be inplemented. The package is a 28 pin ceramic or plastic DIP.
© Minimum write pulse width (WR) = 300nS
. o _ Each product is ified for the i e range (00C to +750C,-5 suffix) and the
® OFF isolation = -1 OﬂdB, typ @ 10Kz military range (-550C to +1250C,-2 suffix). For MIL-STD-883 conpliant parts, request the
506LA/883 or 507LA/883 data sheet.
&
. . . w
Pinout Functional Diagram 3
TOP VIEWS =
Y, - =
+VsuppLY 1 28 OUT HI-506LA 3
:_‘s: ;-‘ = ;z l;‘VasUPPLY SWITCH CELLS =
IN16 4 = P25 IN7 7] om!
IN15 5 ==t —24 ING [
IN14 6= —23 IN5 srten [ S
IN13 7= HI-506LA =22 N4 oA o oecooe ° L,
IN12 8= =21 IN3 ° oureur
INT1 9 =t —20 IN2 m Q‘*‘““
IN10 10 == =19 IN1 t
ING 11 == == 18 ENABLE
GND 12 == == 17 ADDRESS Ag
WR 13 == == 16 ADDRESS A¢
ADDRESS A3 14 == =15 ADDRESS Ap o m
Y HI-507LA
+VsuppLY 1 == =28 0UTA
ouTe 2= =27 -VsyppLY
RS 3 = — 26 IN 8A b —
INSB 4 == =25 INTA o e
IN7B  § == =24 INGA C—roouta
IN6B 6 = =23 IN5A hoo srren [ secooe ° zI:o OTHER SEVEN A
INSB T H[-5O07LA ™22 IN4A AoORESS ° 51(:1 OTHER SEVEN B
INAB 8 == 21 IN3A Azo urs SWITCHES)
IN3B Qe —20 IN2A &
t
IN2B 10 == =13 IN1A .
IN1B 11 == =18 ENABLE W o
GND 12 == == 17 ADDRESS Ag
WR 13 == =16 ADDRESS A{ _
NC 14— f— 15 ADDRESS A7 o
m 1 0{0FF) {ON) H{OFF)
“HIGH" Rgna2 (nA) (ns) (ns) PO(mW)
DEVICE FUNCTION FEATURE MIN (V) (TYP) (TYP) (TYP) (TYP) (TYP)
HI-506LA | 16-Channel Address 20 K 4.0 500 500 60
Latches and .
Overvoltage
Protection
HI-507LA | 8-Channel Address 20 1K 20 500 500 60
Ditferential Latches and
Overvoltage
Protection

CAUTION: These devices are sensitive to electrostatic discharge. Proper |. C. handling procedures should be followed.
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B Harmis I-508/509

Single 8/Differential 4 Channel

CMOS Analog Multiplexer

Features

@ RON « -+ v v e emeenannetenaasannaaneen 1800
* Wide Analog Signal Range............. +15V
e TTL/CMOS Compatible. . ..... 2.4V (Logic “17)
eFast Access...............co0vuuinn 250 ns
* Fast Settling (0.01%)................. 600 ns

® 44V Maximum Power Supply

* Break-Before-Make Switching

¢ No Latch-Up

¢ Replaces DG508A/DG508AA and
DG509A/DG509AA

Applications

* Data Acquisition Systems
* Precision Instrumentation
¢ Demultiplexing

* Selector Switch

Description

These monolithic CMOS multiplexers each include an array of eight analog swvtches,
adigital decode circuit for channel selection, a voltage reference for logic thresholds, -
and an ENABLE input for device selection when several multiplexers are present.

The Dielectric Isolation (D) process used in fabrication of these devices eliminates -
the problem of latch-up. Also, DI offers much lower substrate leakage and parasitic
capacitance than conventional junction-isolated CMOS (see Application Note 521).
Combined with the low ON resistance (180 typical), these benefits allow low static
error, fast channel switching rates, and fast settling.

Switches are guaranteed to break-before-make, so that two channels are never shorted
together.

The switching threshold for each digital input is established by .an ‘internal +5V
reference, providing a guaranteed minimum 2.4 V for 1”” and Maximum 0.8 V for “0”,
This allows direct interface without pull-up resistors to signals from most logic families:
CMOS, TTL, DTL and some PMOS. For protection against transient overvoltage, the

digital inputs include a series 200Q resistor and a diode clamp to'each supply. i

The HI-508is an eight channel single-ended multiplexer, and the HI-509 is a four chan-
nel differential version. The recommended supply voltage is +15 V; however,
reasonable performance is available down to +7 V. Each device is available in a 16
pin plastic or ceramic DIP, a 20 pin ceramic LCC or 20 pin plastic LCC (PLCC) package.
Ifinput overvoltage protection is needed, the HI-508A/509A multiplexers are recom-
mendéd. For further information, see Application Notes 520 and 521. .

The HI-508/509 is offered in both commercial and military grades, suitable for

- spacecraft/military applications. For additional HI-Rel screening including 160 hour

burn-in, specify the ““~8" suffix. For further information see Application Notes 520
and 521. For MIL-STD-883 compliant parts, request the 508/883 or 509/883 data sheet.

Pinouts oG- B Functional Diagrams
ZE2zE3 )
Top View > Lhle =0 0UT
IN 2 Omm A
IN 4 ENABLE :
ouT L4 DECODER/
Ay ° DRIVER
(N.C) (NC) °
IN8 A 1N 8 g1
IN7 A
o
HI1-508 (ceramic) ©wEF Yo .
HI3-508 (plastic) z=g if & DGITAL INPUT
HI4-508 (LC%
HI4P508 (PI.> C) Ag A1 A2 su
s s5< g HI-508
=222 IN 1A i O0UT A
1 ‘® : .
[ ] 1
A N 4 Owed -ofn-l—l,
y 1
GND IN 4A IN 1B OmefummmeCF{ =0 0UT 8
+Vgyp OUTA [ ) |
IN 1B (NC) o| DECODER/
IN-28 INB N 45O _({I e DRIVER
IN.38 IN 48 o
IN 4B 5V LEVEL
0uT B REF SHIFT
HI1-509 (ceramic) *DIGITAL INPUT EE]
HI3-509 (plastic) PROTECTION
HI4-509 (LCC nh BN
HI4P509 (PLCC) HI-509
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HI-508/509 Specifications

ABSOLUTE MAXIMUM RATINGS (Note 1)

[~2]
(=}
Vsupply(+) to VSupply (-) 44V Continuous Current, S or D: 20 mA Q
VSuzglz('F) to GNI:? Py 2V Peak Current, S or D ©
VSupply(-) to GND 25V (Pulsed at 1 ms, 10% duty cycle max): 40 mA 8
oI l'Jp'I)I P tage: Power Dissipation* (Cerdip) 109 W v
igital Input Overvoltage: Opmrat(i)gg/; Temperature Range: c T
-508/509-2,-8 -55°C to +125°C
VEN, VA { 32“""!"%3 + 2 ¥ } HI-508/509-4 -25°C to +85°C
upply HI-508/509-5 0°C to +75°C

or 20 mA, whichever occurs first.

Storage Temperature Range -65°C to +150°C
Analog Signal Overvoltage (Note 7)

+2V

-2V

*Derate 109 mW/°C above TA =75°C

VD, Vs § Vsupply(+)
Supply(-)
ELECTRICAL CHARACTERISTICS Unless Otherwise Specified:
Supplies= +15V, —15 V; VAH(Logic Level High) = +2.4 V, VAL (Logic Level Low)
= +0.8 V. For Test Conditions, consult Performance Characteristics Section.

HI-508/HI-509 HI-508/509
"2 -8 4, -5 TRUTH TABLES
PARAMETER TEMP. | MIN. | TYP. [MAX.[MIN. [ TYP. [MAX.JuNITS HI-508
ANALOG CHANNEL CHARACTERISTICS 2
*Vg, Analog Signal Range Full | =15 +15 | 15 +15| V w
*RON,, On Resistance (Note 2) +25°C 180 | 300 180|400 | Q@ “ON” é
" Full 400 500 ) @ A2|A1[AQ|EN| CHANNEL [
ARON, Any Two Channels +25°C 5 5 % XIxIXIL NONE 5
*Is (OFF), Off Input Leakage Current (Note 3) +25°C 003 003 nA Licicln 1 §
Full 50 50 | nA
*Ip (OFF), Off Output Leakage Current (Note 3) | +25°C 03 03 nA :: 'l_‘! T_' : g
HI-508 | Full 200 200 | nA LlH|R|H 4
HI-509 | Full 100 100 | nA Riclcln 5
*ID (ON), On Channel! Leakage Current (Note 3) . | +25°C 03 03 nA HILIRIH 6
HI-508 | Full 200 200 | nA HinrlLH 7
HI-509 | Full 100 100 | nA HIHIHIH 8
*IDIFF, Differential Off Output Leakage Current Full 50 50 | nA
(HI-509 Only)
DIGITAL INPUT CHARACTERISTICS
. |"VAL, Input Low Threshold Full 08 08 | V HI-509
*VAH,, Input High Threshold Full | 24 24 Vv
*|A, Input Leakage Current (High or Low) (Note 4) | Full 10 10 | pA
SWITCHING CHARACTERISTICS “ON”
*ta, Access Time +25°C 250 | 500 250 ns At1|Ao|EN|  CHANNEL
Full 1000 1000| ns PAIR
"tOPEN, Break-Before-Make Interval +25°C| 25 | 80 25 | 80 ns X|X|L NONE
*tON (EN), Enable Turn-On +26°C 250 | 500 250 ns L|L|H 1
Full 1000 1000| ns LiHH 2
*tOFF (EN), Enable Turn-Off +25°C 250 | 500 250 ns H|{L|H 3
Full 1000 1000{ ns H|H|H 4
tg, Settling Time to 0.1% +25°C 360 360 ns
to 001% +25°C 600 600 ns
“Off Isolation” (Note 5) +25°C| 50 | 68 50 | 68 dB
Cs (OFF), Channel Input Capacitance +25°C 5 5 pF
Cp (OFF), Channel Output Capacitance HI-508 | +25°C 22 22 pF
HI-509 | +25°C 1" 1 pF
CA, Digital Input Capacitance +25°C 5 5 pF
CDS (OFF), Input to Output Capacitance +25°C 08 08 pF
POWER REQUIREMENTS -
*I+, Positive Supply Current (Note 6) Full 15 2 15| 2 | mA
*I-, Negative Supply Current (Note 6)) Full 04 1 04 | 1 mA
Pp, Power Dissipation Full 45 45 | mW

*100% tested for Dash 8. Leakage currents not tested at —55°C.

NOTES: 1. Absolute maximum ratings are limiting values, ap- 4. Digltél input leakage is primarily due to the clamp 7. Signal voltage at any analog input or output (S or

plied individually, beyond which the serviceability diodes (see Schematic). Typical leakage is less D} will be clamped to the supply rail by internal
of the circuit may be impaired. Functional opera- than 1 nA at 25°C. diodes. Limit the resulting current as shown under
tion under any of these conditions is not necessar- 5.VEN = 08 =1K,C =15pF Vg =7 absolute maximum ratings. if an overvoltage con-

2 i\lly implied: o

. VouT = 10V, T = -=1mA.

3 Tenl';lanoamps is?lsu"e practical lower limit for high
speed measurement in the production test
environment. .

dition is anticipated (analog input exceeds either
power supply voltage), the HARRIS HI-508A/509A
multiplexers are recommended.

V, R
VRNLS’ = 100 kHz. Worst case isolation occurs
on channel 4 due to proximity of the output pins.
6. VEN, VA =0Vor24V.




HI-508/509

Performance Characteristics and Test Circuits
Unless Otherwise Specuﬂed TA = 25°C, VSupply = +15V,

VAH = 24V, VAL = 08 V.

ON RESISTANCE vs.

INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

TEST CIRCUIT V2
~ NO.1 N o
ouT
Fol—
ON RESISTANCE Lo
vs. ANALOG INPUT VOLTAGE, TEMPERATURE
400 r NORMALIZED ON RESISTANCE
vs. SUPPLY VOLTAGE
P 22 T T T
g P =20 +1250C> TA > -550C _|
3 K ViN =0V
8 TA = +1250C | 8318 \\ IN
% u0 TA - +250C —1 | % T
': —1 ; % 4
e 100 TA = -850 2312 A
| Eo N
] 2E 0
0 3
-15 -10 -5 [] +5 +10 +15 = 08
VN Analog input(Volts) 6
71 4 g #1112 N3 tig 5
Supply Voltage (Volts)
LEAKAGE CURRENT VS. TEMPERATURE
" 100nA TEST CIRCUIT TEST CIRCUIT
NO. 2* NO. 4*
-0  EN}——0+08V
lo} -0
© 7 . IS(OFF) © O out
10nAE———= Off Output — ' ! o ID(OFF) s n'
F————— Leakage Current _ oV = |
— 10 (01 =5&pion Hov = = *10v - O enb——ovosv
— gn'Leatkage l _L —_‘_—'_;‘ov
- p 7 urren: 72 = = = :l_—
S | TEST CIRCUIT
g = Z NO. 3*
@ Z. V4
- 7 L7
/ A =\ Off Input
Leakage Current — |
15 (0ff) oo\ ouT
100pA o]
7 0 N glo(om
Z
_ FIoV—= =_tov
; N
= Py *Two measurements per channel:
10pA +10 V/-10 V and -10 V/+10 V.
250 500 750 1000 1250 (Two measurements per device for Ip(OFF) :
Temperature 0C +10 V/-10 V.and -10 V/+10 V.) |
LOGIC THRESHOLD POWER SUPPLY CURRENT OFF ISOLATION vs.
vs. POWER SUPPLY VOLTAGE vs. TEMPERATURE FREQUENCY
3.0 ; .
. A 100 ” I m[m
2, z g sof MM re= L
2 T 20fL s ™
£ - £ : 2 a0
] o — — S EN =5V £ RL=10M
g - g ? a0
El 210 .
g § EN =0V 22 bygy-ov
™ CLoAD - 280F T
0 0 ol timy 1
15 15 110 112 14 16 18 120 -65-35-15 -5 25 45 65 85 105125 104 106 106 . 107
Power Supply Voltage (Volts) Temperature (0C) Frequency (Hz)
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HI-508/509

Performance Characteristics and Test Circuits (continued)

VAH - Logic Levei (High), Volts

ON CHANNEL CURRENT vs. VOLTAGE TEST
70 I | CIRCUIT
< TA= 550 1 NO.5 ON CHANNEL CURRENT
T 50 — vs. VOLTAGE
E w TA = 250C _|
E 30 Ve o _ ]
5 1> > TA = +1250C —Oe—0——
& wl—1ps 0= ol iy —0
i) v [ L N
% t) % @ f0 12 14 116 B
V|N - Voltage Across Switch
SUPPLY CURRENT
TEST vs. TOGGLE FREQUENCY
CIRCUIT +15/+10V
NO. 6 +ISUPPLY
SUPPLY CURRENT vs. TOGGLE FREQUENCY
8
< +V
E 6 IN1f——O $10/+5V
g u =1 A IN2 T
5 4 VSupply ‘5\ Va Ai *H|-508 Tm}g :S—:—_
—QE Vsupply = tlov\\z/' 500 Ao IN8|—O F10/%5V
3 O—EN ouT
w2 = = v G = 14pF
/ 10MQ =
0 Va {righ :gvsv
h T(‘lg;e Frequ;llc\':(ﬂz ™ e 5% DUTY CYCLE = _ISUPPLY =
*Similar connection for HI-5(9 —15/-10v
TEST ACCESS TIME
CIRCUIT vs. LOGIC LEVEL (HIGH)
ACCESS TIME vs. LOGIC LEVEL (HIGH) NO. 7 T 5V
600 V+
IN1
z c L
.é - Va At IN2THRU IN 7,
s N py HI-508 4
£ Swi gy HI-508 ¢ m
= = = 3V GND V- :
! i
% 3 s T i —15V :
- 1

*Similar connection for HI-509 -

Switching Wav
35V ADDRESS

- DRIVE (Vp)
50%
o
| -
+10V
OUTPUT
! 90%
| -1V
!
! [
—_— N je—

ACCESS TIME

L
Va INPUT

iV/DIV l

S10N

oUTPUT
SV/DIV ’

| |
wall

200 NS/DIV
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HI-508/509

Switching Waveforms (continued)

TEST
CIRCUIT
NO. 8
ADDRESS DRIVE BREAK-BEFORE-MAKE DELAY (tOPEN) BREAK-BEFORE-MAKE
o15v DELAY(tOPEN)

= T [ ]
ADDRESS . Yo S T
ov DRIVE (Vp) ‘ N2 2V/0IV
? RO |

OUTPUTA  p 1 *HI-508 ™7 S10N 55 0N
50%5‘ {50% 5080 Ao N8 vour " I !
! o Tl I ¢ © ] Wiow
— = T awv -
open _4__ J) 20 :r 1259 \/
-15v
*Similar connection for HI-509 Honsion
TEST
CIRCUIT
ENABLE DRIVE NO. 9 ENABLE DELAY
t t
ENABLE DELAY (tON(EN),tOFF(EN) ( ON(EN):,: OFF(EN))
3.5V +15V £
Sm T j[em\sLE
- — = = DRIVE
| | ~ W N | 2V/DIV. i
| ! A ' HHHHHHH B HH
90% OUTPUT A 2 ¥
m I—E N *H|-508 T:::“zj l §2 THRU § ~ ;; ” l:)"‘I'P T1
— | : | = Ao ™ = 2 Toke g 13/ol‘</.
_"l ONEN I‘_—" l((EJIFJ — Va T L I _ i i
5082 __l._ 21910 ’szgpr 100 N-S-/DIV,
-15V
*Similar connection for HI-509
Schematic Diagrams
ADDRESS DECODER ADDRESS INPUT BUFFER
. LEVER SHIFTER
’ T . Py .f
= N Jana
[ N] T Toe-cHan. l r
HE) Tt swmon "
?g N-CHAN. 1 bs P ke G B
L |
. Ne "Ih Ng Ng N0
EINABLE A Ng
T i L
Delete A2 or A2 Fi—r L

Input for HI-509

All N-Channel Bodies to V-
All P-Channel Bodies to V+ Unless Otherwise Indicated
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HI-508/509

Schematic Diagrams (continued)
TTL REFERENCE CIRCUIT MULTIPLEX SWITCH

FROM DECODE
Nyg|

s

HI-508/509

=
c
=

Im_l
FROM DECODE

w
- - [+
Applications &
w
—
(-
32 CHANNEL BUFFERED MULTIPLEXER =
=2
CHANNEL =
- 4, HI-508
10—momon-+—9
. ouT
. A2
. :1
. 0
so—— EN
. 4,H1-508
. out
. A2
. A‘]
. Ao
160.—9- EN
Hi-508
4
1705 ouT
: A2
. A1
) AQ
240~—2 EN
4,H1-508
PEEREPR
: A2 [ 3| a4l 12| 8l 7/ 6] 5 200
: Al HA-2405
. Ao » 10
320+ PRAM out
9 EN OUTPUT
Al 7] 6] 1 Do D1 EN. COMP
Ao 15pF
4028A M K
DECODER*  f1
O O O O
(Ao A1 A2 A3 Aq  SYSTEM ENABLE

CHANNEL SELECT
*Optional; Provides Greater Isolation for AC Signals.
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HI-508/509

Applications (continued)

ONE OF 8 DECODER
ACTIVE LOW ACTIVE HIGH
+5v +5V
10K N o
EN 4 l ¥e) o
+—0 HI-508 o}
HI-508 -0 0
ouTt
-L—' ouT —O -0
= —O -0
- —O -0
-0 Ag A1 A2 -0
Apg A1 A2 O
(L (g & J> <L <L 10K
Die Characteristics
Transistor Count 243
Die Size c 86 x 79 mils
Thermal Constants 0; 92°C/W
0}2 379C/W } For Ceramic Dip
Tie Substrate to: =VSuppl
Process: CMOS - [}i
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@ HarRS  HI508A/509A

<

(<2

B

Single 8/Differential 4 Channel

CMOS Analog Multiplexers with Active Overvoltage Protection &

n

Features Description :T':
* Analog Overvoltage Protection......... 70 Vpp The HI-508A and 509A are analog multiplexers with Active Overvoltage Protection.

¢ No Channel Interaction During Overvolitage

e ESD Resistant. ................ >4,000 Volts
* 44 V Maximum Power Supply

* Fail Safe with Power Loss (No Latchup)

¢ Break-Before-Make Switching

Analog input levels may greatly exceed either power supply without damaging the
device or disturbing the signal path of other channels. Active protection circuitry
assures that signal fidelity is maintained even under fault conditions that would destroy
other multiplexers. Analog inputs can withstand constant 70 volt peak-to-peak levels
and typically survive static discharges beyond 4,000 volts. Digital inputs will also sus-
tain continuous faults up to 4 volts greater than either supply. In addition, signal
sources are protected from short circuiting should multiplexer supply loss occur; each
input presents 1k of resistance under this condition. These features make the
HI-508A and HI-509A ideal for use in systems where the analog inputs originate from

e Analog Signalrange.................. +15V external equipment or separately powered circuitry. Both devices are fabricated with
o Ac Ti ical 500 44 volt dielectrically isolated CMOS technology. The 508A is an 8 channel device
cess Time (Typical)................ ns andthe 509Ais a4 channel differential version. If input overvoltage protection is not
. needed, the HI-508 and HI-509 multiplexers are recommended. For further information

* Standby Power (Typical).............. 7.5 mwW se6 Application Notes 520 and 521,

. . Each device is available in a 16 pin plastic or ceramic DIP,-a 20 pin ceramic LCC
Applications package. pinp _ P "
* Data Acquisition The HI-508A/509A are offered in both commercial and’military grades. Addition Hi- %‘
¢ Industrial Controls Rel screening including 160 hour burn-in is specified by the “—8" suffix. =]
* Telemetry E

=
Pinouts Functional Diagrams
HI-506A ~G - B
Top View 2z = % M
d N 1 AR > O 0UT
Ao A 1k :
EN A2 N4 IN 2 O A AN meplen
e e our of T
N1 +Vsup NG) ° ::
2 s e IR
N3 N6 N7 N8 Ond —vw-?—l-'—crf
IN4 INT Lyl
ot e Er
SIGNAL
HI1-508A (ceramic) LS
HI3-508A (plastic) *DIGITAL INPUT PROTECTION
Ao Ay A2 EN
HI-508A
z
Too Vi SE5 1k
p View g 3 IN 1A O A e 7 O 0UT A
=== ° 1 \
A ha Mm’ i
GND R
+Vgyp N ENABLE N lss--wv—ﬂ-!—-?d,' o 0UT B
IN 18 OUT A Ay ° AR DECODER/
IN 2B (NC) (NC) PRI BN PRERIDS | DRIVER
IN 38 ouTB A Lo
IN 4B IN 4B GND OVERVOLTAGE
ouTB cémpna
I ISOLATION
HI-509A (ceramic) -
HI3-509A (plastic) - § “DIGITAL INPUT PROTECTION
£=3 T 0d &
3 ) AR EN
HI4-509A (LCC) HI-509A

4-25




HI-508A/509A Specifications

ABSOLUTE MAXIMUM RATINGS (Note 1)

Voitage between Supply Pins 4V Continuous Current, S or D: 20 mA
V+ to Ground 22V Pe(?bk ICug’ent, SorD g )
_ ulsed at 1 ms, 10% duty cycle max): 40 mA
\é. .t°l?’°“t"g tace: 2V bower Dissipation* (CERDIP) 128 W
igital Input Overvoltage: Operating TemRezraéure Range: 550G p5oC
HI-508A/509A-2 - - to +125°
VEN, VA { vEupply(+) e ¥} HI-508A/509A-5 0°C to +75°C
UDpOy N whi ) Storage Temperature Range —65°C to +150°C
Analog Input o\,g,'v%"a'z,]e; whichever occurs first. *Derate 12.8 mW/°C above TA =75°C
Vs VSuppIy(+) T +20V
{ VSupply(=) -20V

ELECTRICAL CHARACTERISTICS Supplies= +15V, —15V; VAH (Logic Level High) =
+4.0 V, VAL(Logic Level Low) = +0.8 V. (unless otherwise specified).
For Test Conditions; consult Performance Characteristics Section.

HI-508A/HI-509A | HI-508A/509A
2, 25 s TRUTH TABLES
PARAMETER TEMP. | MIN. | TYP. [MAX. [MIN. | TYP. [IMAX.[UNITS
ANALOG CHANNEL CHARACTERISTICS HI-508A
*Vg, Analog Signal Range Full | =15 +15 | -15 +15| V
*RON, On Resistance (Note 2) +25°C 12 | 15 15 | 18 | KQ “ON”
. ) Full 15 | 18 18 | 20 | KO A2|A1|Ag|EN| CHANNEL
*Is (OFF), Off Input Leakage Current (Note 3) +25°C 003 003 nA XX | XL NONE
Full 50 50 | nA
*Ip (OFF), Off Output Leakage Current (Note 3) | +25°C 0.1 01 nA Il: t ,’_" : ;
HI-508A | Full 200 200 | nA LIHILIH 3
HI-509A | Full 100 100 | nA LInlAlH 4
*ID(OFF) with Input Overvoltage Applied (Note 4) | +25°C 40 40 nA HiLlLlH 5
Full 20 pA
*ID (ON), On Channel Leakage Current (Note 3) | +25°C 01 | 01 nA : h ',-_‘ : g
HI-508A | Full 200 200 | nA HIH|HIH 8
HI-509A | Full 100 100 | nA
IDIFF, Differential Off Output Leakage Current Full 50 50 | nA
(HI-509A Only)
DIGITAL INPUT CHARACTERISTICS HI-509A
*VAL, Input Low Threshold (Note 8) | Full 08 08 Vv
*VAH,, Input High Threshold Full | 40 40 \ ON
*IA, Input Leakage Current (High or Low) (Note 5) | Full 10 10 | wA A1|Ag|EN CHANNEL
SWITCHING CHARACTERISTICS PAIR
*tA, Access Time +25°C 05 05 us X|X|L NONE
Full 10 10 | ws L{L|H 1
*tOPEN, Break-Before-Make Delay +25°C| 25 | 80 25 | 80 ns L|H|H 2
*tON (EN), Enable Delay (ON) +25°C 300 | 500 300 ns H|L|H 3
Full 1000 1000 | ns H|H|H 4
*tOFF (EN), Enable Delay (OFF) +25°C 300 | 500 300 ns
Full 1000 1000 | ns
Settling Time (0.1%) +25°C 1.2 12 us
(001%) +25°C 35 35 us
“OFF Isolation” (Note 6) +25°C| 50 | 68 50 | 68 dB
Cs (OFF), Channel Input Capacitance +25°C 5 5 pF
CD (OFF), Channel Output Capacitance HI-508A | +25°C 25 25 pF
HI-509A | +25°C 12 12 pF
CA, Digital Input Capacitance +25°C 5 5 pF
CDS (OFF), Input to Output Capacitance +25°C 0.1 01 pF
POWER REQUIREMENTS
Pp, Power Dissipation Full |- | 75 75 mW
*I+, Current  (Note 7) Full |- 05 | 20 05 | 20 | mA
*|—-, Current (Note 7) Full 002 | 10 002 | 10 | mA

*100% tested for Dash 8. Leakage currents not tested at ~55°C.

NOTES: 1: Absolute maximum ratings are limiting values, ap- 5. Digital input leakage is primarily due to the clamp

plied individually, beyond which the serv:ceab:my diodes (see Schematic). Typical leakage is less

of the circuit may be impaired. Functional opera- than 1 nA at 25°C.

tion under any of these conditions is not necessar- 6.VEN = 08V.R| =1K,C| = 15pF, Vg =7

ily implied. VRMS, f = 100 kHz. Worst Case isolation occurs
2.VouT = #10V, loyT = -100gA. N - on cl annel 4 due to proximity of the output pins.
3. Ten nanoamps is the practical lower limit for high 7. VEN 0Vor40V.

speed measurement in the production test 8. To dnveﬁrcm DTUTTL Circuits, 1k pull-up

environment. resistors to +5.0 V supply are recommended.

4. Analog Overvoltage = +33 V.
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HI-508A/509A

Performance Characteristics and Test Circuits

Unless Otherwise Specified TA = 25°C, VSupply = 15V,

VAH = +4V,VAL = 08V

ON RESISTANCE vs.
INPUT SIGNAL LEVEL, SUPPLY VOLTAGE

~100 A
TEST CIRCUIT ROy = V2
NO. 1 N Toomn  |e——— Vv, ——»
—o0
IN .
_ ‘ ouT
Vin
ON RESISTANCE NORMALIZED ON RESISTANCE
vs. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE
14 T T
13 TA=+IIZ5°C 5 15 ;125?052\/TA2-5500 ]
83 IN=H
o 12 52 AP
T 8213 \\
g Ta = +25% e 212 AN
= 09 23 11 ~J
© 08 2500
£ 09
-0 8 6 4 - 0 4 g 10 s W 1 48 19 #10 11 #2 13 14 5
VN - Analog Input (Volts) Supply Voltage - Volts
LEA1mGE CURRENT VS. TEMPERATURE TEST CIRCUIT TEST CIRCUIT
NO. 2* NO. 3*
-0 ENp——O +0.8V o
L :g o> 1S(OFF) O oo
i IDIOFF) ©
— ] —O Hov = o
GEF OUTPUT |2 nov = = I L ENj——Orov
5 ON LEAKAGE CURRENTL” 7 I T = ——Fov
i N s - = =
& m My
E S, — TEST CIRCUIT
s NO. 4* *Two measurements per channel:
— L +10 V/-10 Vand -10 V/+10 V.
(Two ts per di for Ip(OFF):
A LN ot — +10 V/=10 V and —10 V/+10 V.,
IS (OFF)
wnl
’l —O ouT
ya :‘\c
O N QID(OM
Flov—=— = ttov
1A 50° 750 100° :TE _':L
Temperature —°C +av
ANALOG INPUT
TEST CIRCUIT
OVERVOLTAGE CHARACTERISTICS NO. 5
- = ANALOG INPUT
Ew fj = OVERVOLTAGE CHARACTERISTICS
§'5 5.;5,,_ ANALOG INPUT /,/ »
S 1214- g ik —1—CURRENT (i;y) —L N Ip (OFF)
B3 ,/ _O\O_o
é’ [ 2.“:_ pab. _[@7
2 3h i F CEARAGE CORRENT: =W ' =
£ 0 s :',,E(‘t\)'ér-) . T _:_? =
+15  +18  +21 124 127 130 133 136 =

Vi - Analog Input Overvoltage (Volts)
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HI-508A/509A

Performance Characteristics and Test Circuits (continued)

ON CHANNEL CURRENT vs. VOLTAGE
i -659C

e VCED
= #10 S
£ P
= .
g 6 %
3w
)

0 I ® 8 20 2

V| - Voltage Across Switch

TEST CIRCUIT
NO. 6 ON CHANNEL CURRENT

vs. VOLTAGE

v E——O<—o——
tVIN

+15/+10V

SUPPLY CURRENT &) Hsurny
SUPPLY CURRENT vs. TOGGLE FREQUENCY vs. TOGGLE FREQUENCY
8
< TEST CIRCUIT Ay W
E . ’ NO. 7 INM f——-O +10/£5V
< IN2
5 VsuppLY =#15 ) ML, THRU :gq_
3 HI-508A
g [N e me =
3 VsuppLY = +10V (| / o our 22
I ) - = W GND v 14pf L
4// Vay =4V i o ’r
Vp = 08V
0 50% DUTY CYCLE - A) -lsyppLy —_—
1K 10K 100K ™ 0M = =
Toggle Frequency, Hz *Similar connection for HI-509A pa
TEST CIRCUIT ACCESS TIME
ACCESS TIME VS. LOGIC LEVEL (HIGH) NO. 8 vs. LOGIC LEVEL (HIGH)
900 IN1—O s10v
E 800 IN2THRUIN 7
= 700\ *HI-508A s
g 600 out
:< 500 GND
i S~ i
300

3 4 5 6 7 8 9 10 11 12 13 14 15
Logic Level (High), Volts

*Similar connection for HI-509A

Switching Waveforms

Van=40 ADDRESS

DRIVE (Vp)

ACCESS TIME

Va INPUT
/0IV.

OUTPUT A
SV/DIV.

/
N J

200ns/Div.
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HI-508A/509A

Switching Waveforms (continued)

TEST CIRCUIT
NO. 9 BREAK-BEFORE-MAKE DELAY (tOPEN)
VAH-40 BREAK-BEFORE-MAKE DELAY(tQPEN) VA INPUT
2V/0IV.
ADDRESS v
ov DRIVE (Vp) *HI-508A I'Nﬂz‘_
oUTPUT THRU = 5
50° 50% ::; Vout \ %E‘.’J \ [
'V ouTt ) : I
—"‘OPE':I— _ENU 12.50F v F
= 100ns/Div.
*Similar connection for HI-509A
TEST CIRCUIT ENABLE DELAY (tON(EN),!OFF(EN))
NO. 10 1
ENABLE DRIVE
ENABLE DELAY (tON(EN),tOFF(EN))
VaH=4.0 ENABLE
DRIVE
2V/DIV.

| v THRUL—o—
NS =

IN 1 |—O+ov
so% f— — — — 42|+ HI-508A ,
I I IE "
= | A =
: 90% OUTPUT N
| I out
| \ | 90% Va GND 12.5pF
| 5082 X
(EN) 1+ =

1ON(EN) le— | ¢
—*1' ! | loFF

*Similar connection for HI-509A

QUTPUT
2V/DIV.

100ns/Div.

Schematic Diagrams

TTL REFERENCE CIRCUIT

LEVEL SHIFTER

ADDRESS INPUT BUFFER
AND LEVEL SHIFTER

OVERVOLTAGE
PROTECTION

_{é‘l LEVEL

—rb SHIFTED

ADDRESS
N

TO DECODE

LEVEL

® SHIFTED
ADDRESS
TO DECODE

HI-508A/509A

e
w
&
z
5
2
=




HI-508A/509A

Schematic Diagrams (continued) ADDRESS DECODER
iv
P P P P P P
—*é—T _1%} _| _1 —‘I _| TO P-CHANNEL

m”'ill — i
J

DEVICE OF
THE SWITCH PAIR

TO N-CHANNEL

AjORAY ! > Ynﬁgmsvsl%n PAIR
—
A20R A2 !
1N
ENABLE "—l
T
v
cRom MULTIPLEX SWITCH
DECODE OVERVOLTAGE PROTECTION I
i ni— mEl
I Y !
| P } nsT;l—— :
I 1 H f 4
|
L EEEFP
| R11 N
M m : P L out
: 06 . r‘ [
1
! |
| v |
! 1
! . —
T ————— —J l:J:! P v
0€CoDE >
Die Characteristics Transistor Count 253
Die Size 116 x 79 mil
N O
Thermal Constants z!a ‘ ges',og/l\v,\\l/ } For Ceramic Dip
) . ic
Tie Substrate to: =VSuppl
Process: CMOS - [%
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HI-508LA/HI-S509LA

)
%
0

-
Single 8 Differential 4 Channel &
CMOS Analog Multiplexers With ©
. —
Latches and Overvoltage Protection I
Features Description =
. Analog Uvervnltage prntectinn These monolithic CMOS multiplexers feature on-board address latches, plus overvoltage protection 8
_ for the analog inputs and the output as well. Each model includes digital inputs for channel selection [}
o Resettable Latches (RS) and an Enable input for device selection under program control. In addition, Write (WR) and Reset —
(RS) inputs allow the program to store or clear the channel address. I
e TTL/DTL and CMOS Compatible
. - The overvoltage performance of these multipiexers is particularly useful in redundant systems, where
o Failsafe for conditions of Overvoltage & Loss of Power the inputs and output must present a high inpedance when power is off. This is achieved by a switch
cell with three MOSFET"s in series rather than the conventional transmission gate design.
e No SCR Latch-up
o Each channel can withstand overvoltage to +25VDC with respect to ground with power ON or OFF.
 Break-before-make swnchmg An OFF channel remains OFF in the presence of overvoltage. If the channel is ON, output voltage is
. Micmprocessor Bus compatible clamped below the supply rail, which protects the load circuit.
. < The HI-508LA offers 8 single-ended channels, and the HI-509LA is an 4 channel differential
® VOI’Y low leakags 'D(Oﬂ) 2nA (typ) version. The recommended supply voltages are +15V, though operation at reduced levels or with a
e Access time - ta = 500nS (typ) single supply may also be inplemented. The package isan18 pin ceramic or plastic DIP.
o Minimum write pulse width (m) = 300 nS Each product is specified for the commercial temperature range (00C to +750C,-5 suffix) and the
) i military range (-550C to +1250C,-2 suffix). For MIL-STD-883 conpliant parts, request the
* OFF isolation = —100dB, typ @ 10kHz 508LA/883 or 5091 A/883 data sheet.
Pinout Functional Diagram E
[}
TOP VIEWS HI-608LA =
5
SWITCH CELLS g
—_ \J —_ 1 o IN1
WR 11— —18 RS N 6\
Ap 22— —17 A4 LEvEL |
SHIFTER
ENABLE 3 — —16 Ay DIGITAL 3| oecone ° L
—VsuppLy 4— 15 GND ADDRESS ° o SUTPUT
N1 S— HI-508LA[—* +VsuppLY . "
N2 6— —13 IN5 t
IN3 7— —12 NG
IN4 88— b—11 IN7
ouT  9— —10 IN8
HI-509LA
_ —/\_/ _ EN PROTECTION ] [ —
WR 1— |—18 RS N =‘ r—omu
Ag 2— —17 A4 A e LEVEL EJooura
ENABLE 3 — —16 GND [ il e L I IE T .
v . DIGITAL DECODE ° SWITCHES)
- — ADDRESS H
SuPPLY 4= 15 +VsyppLy ] ° 1:“ T e
INTA 5—//-5O9LAF—14 IN1B A PROTECTION LY o ouT B
—
IN2A 6— —13 IN2B . gL  Lommn
IN3A 77— —12 . IN3B WR PROTECTION
INGA 8— —11 IN4B
OUTA 9— —10 0UTB _
RS PROTECTION
T I D{OFF) 1{ON) YOFF)
“HIGR" Rone (nA) (ns) (ns) P D(mW)
DEVICE FUNCTION FEATURE MIN (V) (TYP) (TYP) (TYP) (TYP) (TYP)
HI-508LA | 8-Channel Address 2.0 1K 20 500 500 40
Latches and
Overvoltage
Protection
HI-509LA | 4-Channel Address 2.0 1K 1.0 500 500 40
Ditferential Latches and
Overvoltage
Protection

CAUTION: These devices are sensitive to electrostatic discharge. Proper I. C. handling procedures should be followed.
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a0 HARRIS

PRELIMINARY

HI-516

16 Channel/Differential
8 Channel CMOS High Speed
Analog Muitiplexer

FEATURES
® ACCESS TIME (TYP)
® SETTLING TIME (0.1%)

® LOW LEAKAGE (TYP) Is(OFF)
Ip(OFF)

e LOW CAPACITANCE (TYP) Cg OFF
Cp OFF

® HIGH OFF ISOLATION AT 500kHz
® LOWCHARGE INJECTION

e SINGLE ENDED TO DIFFERENTIAL
SELECTABLE (SDS)

® LOGIC LEVEL SELECTABLE (LLS)

APPLICATIONS

® DATA ACQUISITION SYSTEMS
® PRECISION INSTRUMENTATION
® INDUSTRIAL CONTROL

100ns
250ns

10pA
30pA

2pF
18pF

90dB
0.3pC

teristics of the device make it an ideal choice for high speed data acquisition

DESCRIPTION

The HI-516 is a monolithic dielectrically isolated, high speed, high perfor-
mance CMOS analog multiplexer. 1t offers unique built-in channel selec-
tion decoding plus an inhibit input for disabling all channels. The dual
function of address input A3 enables the HI-516 to be user programmed
either as a single ended 16-channel multiplexer by connecting ‘out A’ to
out B’ and using A3 as a digital address input, or as an 8-channel diff-
erential multiplexer by connecting A3 to the V™ supply. The substrate leak-
ages and parasitic capacitances are reduced substantially by using the Harris
dielectric isolation process to achieve optimum performance in both high
and low level signal applications. The low output leakage current (Ip Off
< 100pA @ 250C) and fast settling (tgETTLE = 800ns to 0.01%) charac-

systems, precision instrumentation, and industrial process control.

The HI516 is available in a 28 lead dual-in-line package and a 28 lead
LCC package (-8 only). It is offered in both commercial and military grades.
for additional Hi-Rel screening including 160 hour burn-in, specify the
-8 suffix.

PINOUT

TOP VIEWS

v+Q
outeg

1

2

15778 [5] ned3
1ass 3] IN16/88 CJ4
1578 s

IN 13/58 mulsugs
w1278 8] N 13/58 07
IN12/48 O)8

s (7] w13 de
IN10/28 IN 10/28 {10
o [11] INsnBCint

GND 12
vop/LLs 13
Aysos j14

FUNCTIONAL DIAGRAM

VDD/LLS
r———=-- [ E
|
| ]
i: : DE
> -
A CODER
A2 1
A3 [
Q
l A
A3 Decode | DEa_
— | CODE
AzlQ|a | —
a
HH|L I L_
L|L|H I — DE-
VR | CODER
|
|
|
U —

INPUT BUFFER AND DECODERS MULTIPLEXER
SWITCHES
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
Digital Input Overvoltage:

Voltage Between Supply Pins 33v

m I -6V < VAH < +6V Total Power Dissipation * (Cerdip) 2000mW
A3 VsuppLY (-) -2V Operating Temperature Ranges:
CMOS { VsuppLY (+) +2V HI-516-2,-8 -550C to +1250C
GND -2V HI-516-5 00C to 750C
Analog Input Voltage: Storage Temperature Range -650C to 1500C
Vs { x:ﬂggtz:j ti\\; *Derate 20mW/0C above 750C

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V,
VaL (Logic Level Low) =+0.8V; Vpp/LLS = GND. (Note 1)

-550C to +1250C 00C to +750C
PARAMETER veme | min | Tve [ max | min | Tve| wmax | units
ANALOG CHANNEL CHARACTERISTICS
Vg, Analog Signal Range (Note 2) Full -14 +14 -15 -15 Vv
RON. On Resistance (Note 3) +250C 620 750 620 750 Q
Full 1,000 1,000 Q
Ig (OFF), Off Input Leakage Current +250C 0.01 0.01 nA
Full 50 50 nA
Ip(OFF), Off Output Leakage Current +250C 0.03 0.03 nA
Full 100 100 nA
Ip(ON), On Channel Leakage Current +250C 0.04 0.04 nA
Full 100 100 nA
DIGITAL INPUT CHARACTERISTICS
VAL Input Low Thresheld (TTL) Full 0.8 0.8 Vv
VAH Input High Threshold (TTL) Full 2.4 2.4 \
VAH Input Low Threshold (CMOS) Full 0.3Vpp 0.3Vpp \
VaL Input High Threshold (CMOS) Full 0.7Vpp 0.7Vpp v
IAH Input Leakage Current (High) Full 1 1 MA
IAL Current (Low) Full 25 25 MA
SWITCHING CHARACTERISTICS
tA, Access Time +250C 100 150 100 150 ns
Full 200 200 ns
tOPEN, Break before make delay +250C 20 20 ns
tgN(EN), Enable Delay (ON) +250C 100 150 100 ns
| toFF(EN), Enable Delay (OFF) +250C 80 150 80 ns
Settling Time (0.1%) +250C 250 250 ns
(0.01%) +250C 800 800 ns
Charge Injection (Note 4) +250C 0.3 0.3 pC
Off Isolation (Note 5) +250C 90 90 dB
Cs(OFF), Channet Input Capacitance +250C 2 2 pF
Cp(OFF), Channel Output Capacitance +250C 18 18 pF
CAa, Digital Input Capacitance +250C 5 5 pF
Cps(OFF), Input to Output Capacitance +250C 0.02 0.02 pF
POWER REQUIREMENTS
PD, Power Dissipation Full 525 525 mW
1%, Current (Note 6) Full 25 30 mA
17, Current (Note 6) Full 25 30 mA
NOTES: 1. Vpp/LLS pin = open or grounded for TTL Compatibility 4. VN =0V, CL = 100pF, Enable input
Vpp/LLS pin = Vpp for CMOS Compatibility pulse = 3V, f = 500kHz.
2. At temperatures above 900C, care must be taken to assure Vg 5. VEN = 0.8V, Vg = 3VRs, f = 500kHz, C|_ = 40pF,

remains at least 1.0V below the Vgypp| y for proper operation.
3. ViN =210V, IoyT = -100 A

RL = 1k, Pin 3 grounded.
6. VEN = +2.4V
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“TRUTH TABLES

HI-516 USED AS A 16-CHANNEL MULTIPLEXER OR HI-516 USED AS A DIFFERENTIAL
8 CHANNEL DIFFERENTIAL MULTIPLEXER * 8-CHANNEL MULTIPLEXER
1
USE A3 AS DIGITAL A3 CONNECT TO V- SUPPLY | ON CHANNEL TO
ADDRESS INPUT ON CHANNEL TO
ENABLE | Az l Aq J Ag | OUTA | OUTB
ENABLE | A3 I Ag | A1 | Ag| OUTA | OUTB
L X X X NONE | NONE
L X X X X | NONE | NONE H L L L 1A 18
H L L L L 1A NONE H L L H 2A 28
H L L L H 2A NONE H L H L 3A 38
H L L H L 3A NONE H L H H 4A 4B
H L| L|H|H| 4 | NONE H H L L 5A 58
H L H L L 5A NONE H H L H B6A 6B
H L H L H 6A NONE H H H L 7A 7B
H L H H L 7A NONE H H H H 8A 8B
H L H H H 8A NONE
H H L L L NONE 1B
H H L L H NONE 2B
H H L H L NONE 3B
H H L H H NONE 4B
H H H L L NONE 58
H H H L H NONE 6B
H H H H L NONE 7B
H H H H H NONE 8B
* For 16-Channel single-ended function, tie ‘out A’ to
‘out B’, for dual 8-channel function use the A3 address
pin to select between MUX A and MUX B, where MUX A
is selected with Ag low.
DIE CHARACTERISTICS
Transistor Count 647
Die Size 90 x 147 mils
Thermal Constants ~ Qja 500C/W .
For Ceramic DIP
Ojc 1800/W ' I
Tie Substrate to: -VSupply
Process: CMO0S - DI
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS

©

TEST CIRCUIT NO. 1 TEST CIRCUIT NO. 2* -

ON RESISTANCE vs. INPUT SIGNAL LEVEL "‘_?

I

fout 100uA
O\ EN}——O+08V
V2 O \: ouT
h
Y i o ID(OFF)
IN out [
| O+—0 v +Hov — =310V
e RoON=_Y2_ l
+ov 100uA l— =
VIN - -
TEST CIRCUIT NO. 3* TEST CIRCUIT NO. 4*
&2
w
>
w
=
O 5
O x ouT g
IS(OFF) ¥o) ouT
O
OV — E In(ON
—0 EN}——0O+0.8V -0 N A)ID(ON)
L Ap A1
= v FovV—= — +10V
L T 441
= 24V

TEST CIRCUIT NO. 5

ACCESS TIME
+15V
35y ADDRESS +V
DRIVE (V) —]A3/SDS N1
ﬂov - A2 IN 2 THRU
I N val so00 A IN15

| L_oGND !)

-15v

+10V N 16
OUTPUT Ao !
! Yy ] O—{EN out
| -10v = = VDD/LSS =V
|

*Two measurements per channel: +10V/-10V and -10V/+10V.
(Two measurements per device for Ip(QFF): +10V/-10V and -10V/+10V)
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

ENABLE DRIVE

3.5V
ADDRESS
ov DRIVE (V)
OUTPUT A
50% 50%
'V
— je—
toPEN

VA

TEST CIRCUIT NO. 6

BREAK-BEFORE MAKE DELAY (topgN)

+15V
A3 +V +5V
Ay IN1 we)
s IN2
A HRU—O—
1 IN15 =
A ‘IN 16
Vout
12.5pF

-15v

ENABLE DRIVE

3.5V

Sfij{:-:ftftj\k_______
| |
| | ov
|

90% OUTPUT A
|
| ' | 90%
|

— ON(EN) e— | tgpp !
;o T Ny e

TEST CIRCUIT NO. 7

ENABLE DELAY (tON(EN), tOFF(EN))

(?+15v
+V
—— A3 IN 1}—Q +10v
A2
b . IN2
. I A1 THRU —01
— IN 16
- — Ao =
EN ouT
-Va VDD/L! -V

s
500 GND 80052 >
Ld 12.5pF

AV IS THE MEASURED VOLTAGE ERROR
DUE TO CHARGE INJECTION. THE ERROR
VOLTAGE IN COULOMBS IS Q = C|.X AVp.

m=py|

-15v

15V
TEST CIRCUIT NO. 8
CHARGE INJECTION TEST CIRCUIT |
+15V
+2.4V
3.0V
AQ,A1,A2,
EN__/_—\_‘.’_V_ A3/SDS
AV I A ouT _ v,
N o W T R
; : = len _} ICL=100pF
GND VDD/LSS V- =
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HARRIS

4 Channel CMOS High Speed Analog Multiplexer

HI-518

8 Channel/Differential

FEATURES

® ACCESS TIME (TYP)

® SETTLING TIME (0.1%)

® LOW LEAKAGE (TYP)

® LOW CAPACITANCE (TYP)

® HIGH OFF ISOLATION AT 500kHz
® L OW CHARGE INJECTION
® SINGLE ENDED TO DIFFERENTIAL SELECTABLE (SDS)

® LOGIC LEVEL SELECTABLE (LLS)

APPLICATIONS

® DATA ACQUISITION SYSTEMS

© TELEMETRY

® INDUSTRIAL CONTROL

80ns

.250ns

Ig (OFF) 5pA
Ip (OFF) 15pA
Cs (OFF)  2pF
Cp(OFF) 10pF
86dB

0.3pC

DESCRIPTION

The HI-518 is a monolithic dielectrically isolated, high speed, high
performance CMOS analog multiplexer. It offers unique built-in
channel selection decoding plus an inhibit input for disabling all
channels. The dual function of address input A2 enables the HI-518
to be user programmed either as a single ended 8-channel multi-
plexer by connection ‘out A’ to ‘out B’ and using A2 as a digital
address input, or as a 4-channel differential multiplexer by
connecting A to the V- supply. The substrate leakages and
parasitic capacitances are reduced substantially by using the Harris
dielectric isolation process to achieve optimum performance in both
high and low level signal applications. The low output leakage
current (Ip Off <100pA@250C) and fast settling (tSETTE=800ns
to 0.01%) characteristics of the device make it an ideal choice for
high speed data acquisition systems, precision instrumentation, and
industrial process control.

The H1-518 is available in an 18 lead dual-in-line package and a
20 lead LCC package (-8 only). It 'is offered in both commercial
and military grades. For additional Hi-Rel screening including
160 hour burn-in, specify the -8 suffix.

PINOUT

w[j
ouTs [:
wsas ]
IN 7/38 E
N s/st
wsns[]

GND[
VDDILLSE

azsos [

0UTA

IN 4/4A

IN 3/3A

IN 2/2A

IN1/1A

ENABLE

TOP VIEWS

FUNCTIONAL DIAGRAM

S fh. o ™
r
- :

|
|
' >
\ o
EN N DECODER .
Ao 4 .
A Il
>t 6 A |
1 2 ! }
| A2 ! > |
| [DECODE | i
| 1 IN1B
— |
A2 DECODE | a L] |
Az[aa@ 1 | | outs
rn
LIL|H l l >
DECODER | . |
VL[ L l | : | NaB
| | ) T
| smm. ol
| | |
Il_ l > |

INPUT BUFFER AND DECODERS MULTIPLEXER SWITCHES
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SPECIFICATIONS HI-518

ABSOLUTE MAXIMUM RATINGS
Digital Input Overvoltage:

-6V <VaH <+6V
TTL {

A2 VgyppLy (-

VSUPPLY(+)
cmos [ GND

Analog Input Voltage:
Vs { VsuppLY(+)
VsuppLY(-)

Voltage Between Supply Pins 33V
Total Power Dissipation * (Cerdip) 1.19mwW
-2V Operating Temperature Ranges:
+2V- HI-518-2,-8 -550C to +1250C
-2V HI-518-5 00C to 750C
Storage Temperature Range ~650C to 1500C
+2V
-2V *Derate 11.9mW/0C above 750C

ELECTRICAL CHARACTERISTICS

(Unless otherwise specified) Supplies = +15V, -15V; VaH (Logic Level High) =+2.4V,
VaL (Logic Level Low) =+0.8V; Vpp/LLS = Gnd. (Note 1).

-550C to +1250C 00C to +750C
PARAMETER Teme [ win [ Tve [ max | win | tve [ max | uwits
ANALOG CHANNEL
CHARACTERISTICS
Vs Analog Signal Range (Note 2) Full -14 +14 -15 +15 \
RoN On Resistance (Note 3) +250C 480 750 480 750 Q
Full 1000 1000 Q
Ig (OFF) Off Input +250C .005 0.05 nA
Leakage Current Full 50 0.60 50 nA
Ip (OFF) Off Output +250C 015 0.10 nA
Leakage Current Full 50 50 " nA
Ip (ON) On Channel +250C 015 0.10 nA
Leakage Current Full 50 50 nA
DIGITAL INPUT
CHARACTERISTICS
VAL Input Low Threshold (TTL) Full 038 0.8 \
VAH Input High Threshold (TTL) Full 24 24 v
VAL Input Low Threshold (CMOS) Full 0.3Vpp 0.3Vpp \
VAH !nput High Threshold (CMOS) Full | 0.7Vpp 0.7Vpp \’
IAH Input Leakage Current (High) Full 1 1 MA
IaL Input Leakage Current (Low) / Full 20 20 MA
SWITCHING CHARACTERISTICS
tA, Access Time +250C 80 125 80 125 ns
Full 150 150 ns
tOPEN, Break before make Delay +250C 20 20 ns
ton (EN), Enable Delay (ON) +250C 80 150 80 150 ns
toFF (EN), Enable Delay (OFF) +250C 60 125 60 125 ns
Settling Time (0.1%) +250C 250 250 ns
(0.01%) +250C 800 800 ns
Charge Injection (Note 4) +250C 03 0.3 pC
0ff Isolation (Note 5) +250C 86 86 dB
Cg (OFF) Channel Input Capacitance | +250C 2 2 pF
Cp (OFF) Channel
Output Capacitance +250C 10 10 pF
CA, Digital Input Capacitance +250C 3 3 pF
CDS (OFF) input to Output
Capacitance +250C 0.02 0.02 pF
POWER REQUIREMENTS
Pp, Power Dissipation Full 360 450 360 540 mW
I+, Current (Note 6) Full 12 15 12 18 mA
1=, Current (Note 6) Full 12 15 12 18 mA

1. Vpp/LLS Pin = Open or Grounded 3.
ed for TTL compatibility. Vpp/LLS 4.

for CMOS compatibility.

2. At temperatures above 90°C, care must 5.

be taken to assure Vg remains at least
1.0V below the VguppLY-

VIN = t 10V, loyT = -100UA.
VN =0V, C_ = 100pF, Enable
Input puise = 3V, f = 500kHz.

C =40pF, R = 1k. Due to the pin
to pin capacitance between IN 8/4B

~

(Pin 3) and Out B (Pin 2) channel
8/4B exhibits 60dB of Off Isolation
under the above test conditions.

. VEN = +24V.
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HI-518

TRUTH TABLES ®
[Te}
—
Hi-518 USED AS 8 CHANNEL MULTIPLEXER OR HI-518 USED AS DIFFERENTIAL I
4 CHANNEL DIFFERENTIAL MULTIPLEXER 4 CHANNEL MULTIPLEXER
USE A AS DIGITAL A2 CONNECT TO
ADDRESS INPUT ON CHANNEL TO V- SUPPLY ON CHANNEL TO
ENABLE l Ay I Aq | Ag OUT A OUT B ENABLE I At | Ag OUTA OUTB
L X X X NONE NONE L X X NONE NONE
H L L L 1A NONE H L L 1A 1B
H L L H 2A NONE H L H 2A 2B
H L H L 3A NONE H H L 3A 3B
H L H H 4A NONE H H H 4A 4B
H H L L NONE 1B
H H L H NONE 2B
H H H L NONE 3B
H H H H NONE 4B
4
w
&
, &
PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS =]
=
TEST CIRCUIT NO. 1 TEST CIRCUIT NO. 2%

ON RESISTANCE vs.
INPUT SIGNAL LEVEL

-~——louT 100uA

@ O EN}——0 +0.8v
V2 O \ ouT
~O
i
L o L o ID(OFF)
IN ouT
N . Vs +ov = = 210V
ON= I
+0v —O 1004 A _T_ ‘
VIN = =

*Two measurements per channel: +10V/-10V and
-10V/+10V. (Two measurements per device for
Ip(OFF): +10V/-10V and +10V/-10V)
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HI-518

PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)

TEST CIRCUIT NO. 3* TEST CIRCUIT NO. 4*
) x
O ouT
IS(OFF) o {)3\; out
O .
HoV — o O EN A)ID(ON)
EN}—0+0.8V
—_ L A2  Ag
= T #lov Flov—=- L i — twov
- +24v
*Two per ck I: +10V/-10V and -10V/+10V.
(Two measurements per device for ID(QFF): +10V/-10V and -10V/+10V)
TEST CIRCUIT NO. 5
ACCESS TIME
+15V
35y ADDRESS ?
DRIVE (Va) i IN1}—O 10V
ﬂav . A2/SDS N 2THRU
| val| 500 A IN7 C :L_
*“"’—L_\L—OUTPUT Ao IN8}—Oz10v
|
| v O—{en out
| - — 24v |VDD/LSS -V
I | GND J)
— A je— )
-15v

ENABLE DRIVE

35V
ADDRESS
ov DRIVE (Vp)
OUTPUTA
50% 50%
Vi
— je—
1OPEN

TEST CIRCUIT NO. 6

BREAK-BEFORE

MAKE DELAY (topgn)

+15V

+V +5V
A2/SDS IN1 O
S IN2
VA RO
A1 IN7 =
IN8
500 A vout
O—EN out
— — 24V |VDD/LSS -V
ND 12.5pF

=
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HI-518

PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued)
TEST CIRCUIT NO. 7

HI-518

ENABLE DRIVE ENABLE DELAY (tON(EN). tOFF(EN))

’ THSV
3.5V
+V
5R— IN 1 L—O +10V
| A2/SDS

: ) ov ) IN2
oo OUTPUT A A1 'rrlmu —Oj
| = N8 —
| l | 90% : Ao =
! EN
A

—»{ tON(EN) [+— | top ! RY)
€N

out
| GND -V
I
5082 80052
lﬂ__— J) 12.5pF

-15vV

TEST CIRCUIT NO. 8
CHARGE INJECTION TEST CIRCUIT

(7]
o
w
x<
[}
=
o
5
=2
=

+15V

+2.4V

3.0V

Eum

Ao, A1,
A2/SDS

IN

[}
|
N

GND VDD/LSS V-

AVp IS THE MEASURED VOLTAGE ERROR
DUE TO CHARGE INJECTION. THE ERROR

1

AOL Vo
AORB
CL = 100pF

VOLTAGE IN COULOMBS IS Q = C{ X AVp.

-15v
DIE CHARACTERISTICS

Transistor Count 356

Die Size 90 x 93 mils

Thermal Constants  §ja 84°C/W} For Ceramic Dip

6ic 25C/w
Tie Substrate to: -VSupply
Process: CMOS - DI
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o HARRIS

HI-524

4 Channel Wideband and Video Multiplexer

Features

e Crosstalk (10 MHz) < -60dB
® Fast Access Time 150ns
e Fast Settling Time 200ns

e TTL Compatible

Description

The HI-524 is a 