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Harris Semiconductor
Sector Capabilities

Harris Semiconductor, one of the top ten U.S. merchant semiconductor 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 circuits through its
Semiconductor Products Division including those designed to operate in very severe environments.

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, operational amplifiers, telecommunications, speech processing products and active filters
(See complete analog product listing, page 1-1.)

Digital Products

Harris is a pioneer in developing and producing digital CMOS products including: CMOS, RAMs,
CMOS PROMSs, CMOS microprocessors, CMOS peripherals, CMOS data communications products,
and a full line of 80C286 and 80C86/88 microprocessors and peripherals. Semicustom solutions are
accomplished using a combination of fully characterized cells, macros, complex megacells and
compilable functions. (See complete digital product listing, page 12-2.)

CUSTOM INTEGRATED CIRCUITS DIVISION (CICD)

CICD is dedicated to the development and production of custom/semi-custom and specialized
integrated circuits for use in such areas as tactical/strategic radiation environments and secure
communications. CICD employs high performance CMOS and bipolar technologies to meet the needs
of high-end major military and hi-reliability programs.

CICD is oriented to engineering and manufacturing to specific customer requirements. The division
also has its own dedicated manufacturing operation and engineering, product assurance, and prog-
ram manager representation to insure close customer interaction and tight control of the design and
quality aspects of individual programs. (See complete CICD product listing, page 12-3.)

MICROWAVE SEMICONDUCTOR OPERATIONS

Harris Microwave Semiconductor Operations develops and manufactures gallium arsenide field effect
transistors (GaAs FETSs), digital integrated circuits and monolithic microwave integrated circuits.
Custom design and fabrication services are available whereby customers can design or specify
specialized digital, MMIC or FET devices for manufacture at HMS. (See complete Microwave product
listing, page 12-5.)



Harris Linear,
Data Acquisition and
Telecom Products

Harris Semiconductor’s spectrum of analog products meet many specialized requirements
ranging from precision to low power 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 industrial 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 appli-
cations of Harris products; and a description of the 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 pubilication are current before placing
orders. Information contained in the application notes is intended solely 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. Finally, without
the prior specific approval of an officer of Harris, the Harris products should not be used as critical components (i.e.,
failure of the Harris product is likely to cause failure of the system) in life support devices or systems (i.e., surgically
implantable devices or life-sustaining machines).
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General Information

ALPHA NUMERIC PRODUCT INDEX PAGE . g i
HA-2400/04/05 PRAM Four Channel Programmable Amplifiers . ............................. 2-9 é 'g- }
HA-2406 Digitally Selectable Four Channel Operational Amplifier ...................... 2-13 E g ‘
HA-2420/25 FastSampleand Hold . ........... .. i e 7-3 © 2
HA-2500/02/05 Precision, High Slew Rate Operational Amplifiers ............................ 2-17

HA-2510/12/15 High Slew Rate Operational Amplifiers ..............coiiiiiiiiiiiiinen. 2-21

HA-2520/22/25 Uncompensated, High Slew Rate Operational Amplifiers...................... 2-25 |
HA-2529 Uncompensated, High Slew Rate, High Output Current Operational Amplifier ... 2-30 |
HA-2539 Very High Slew Rate, Wideband Operational Amplifier. ....................... 2-36 ‘
HA-2540 Wideband, Fast Settling Operational Amplifier ........................co.... 2-42 :
HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier.............. 2-48 ‘
HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier ......... 2-55 |
HA-2544 Video Operational Amplifier ... ... 2-63 “
HA-2600/02/05 Wideband, High Impedance Operational Amplifiers .......................... 2-72 |
HA-2620/22/25 Very Wideband, Uncompensated Operational Amplifiers ..................... 2-77 e
HA-2640/45 High Voltage Operational Amplifiers. ..., 2-82 “
HA-2650/55 Dual High Performance Operational Amplifier ................. ... .. ... 2-86 |
HA-2720/25 Wide Range Programmable Operational Amplifier ........................... 2-90 |
HA-4741 Quad Operational Amplifier .. ......... . it i e 2-96 |
HA-4900/02/05 Precision Quad Comparator ... .........oouiiereereeinenennennaiieeaaann 2-100 l‘
HA—5002 Monolithic, Wideband, High Slew Rate, High Output Current Buffer ............ 2-107 |
HA-5033 Video BUffer . ... ... . e 2-114 i
HA-5101/11 Single, Low Noise, High Performance Operational Amplifiers.................. 2-123 ‘
HA-5102/04/12/14 Dual/Quad, Low Noise, High Performance Operational Amplifiers ............. 2-133

HA-5127 Ultra-Low Noise, Precision Operational Amplifier . ........................... 2-142

HA-5130/35 Precision Operational Amplifiers. . ... 2-149 ‘
HA-5134 Precision Quad Operational Amplifier ........ ... ..o i, 2-156 |
HA-5137 Ultra-Low Noise, Precision, Wideband Operational Amplifier................... 2-163 |
HA-5141/42/44 Single/Dual/Quad Ultra-Low Power Operational Amplifiers ................... 2-170

HA-5147 Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier . .. 2-176
HA-5151/52/54 Single/Dual/Quad Low Power Operational Amplifiers ........................ 2-183 ;
HA-5160/62 Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier . 2-190 |
HA-5170 Precision, JFET Input Operational Amplifier ...............cccoiiiiiiiiinan.. 2-197 |
HA-5177 Preliminary Ultra-Low Offset Voltage Operational Amplifier ..............coooiiiiiiiaa.. 2-202

HA-5180 Low Bias Current, Low Power, JFET Input Operational Amplifier ............... 2-205



ALPHA NUMERIC PRODUCT INDEX (Continued)

HA-5190/95
HA-5320

HA-5330
HC-5502A
HC-5502B Preview
HC-5504
HC-5504B Preview
HC-5512/5512A
HC-5512D
HC-55536
HC-55564
HC-5560

HF-10
Hi-1818A/1828A

HI-200

HI-201

HI-201HS

HI-300 thru 307
HI-381/384/387/390
HI-5040 thru 5051

HI-5046A and HI-5047A

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

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

HI-5616
Hi-518
HI-524
HI-539
HI-546/547

HI-548/549

HI-562A

HI-565A

HI-574A

HI-674A

HI-774
HI-5618A/5618B
HI-5660/5660A
HI-5680
HI-5685/5685A
HI-5687
HI-5690V/95V/97V
HI-DAC16B/DAC16C

Wideband, Fast Setﬂing Operational Amplifiers. ..o,
High Speed Precision Monolithic Sample and Hold Amplifier ..................
Very High Speed !Vlonolithic Sample and Hold Amplifier ......................
Subscriber Line Interface Circuit (SLIC). . ... ... it
Subscriber Line Interface Circuit (SLIC) .. ...t
Subscriber Line Interface Circuit (SLIC) . . ... ... oo
Subscriber Line Interface Circuit (SLIC).................. e
PCM MonolithiC Filters . ....... ..o et
PCM Monolithic Filter Military TemperatureRange .. .........................
Ali-Digital Continuously Variable Slope Delta Demodulator (CVSD) Decode Only
All-Digital Continuously Variable Slope Delta Modulator (CVSD) ...............
TrANSCOAET . .ttt ettt ettt e e e e e
Universal Active Filter ........... i e

Low Resistance Single 8/Differential4 Channel .............................
CMOS Analog Multiplexers

Dual SPSTCMOS Analog SwitCh ... .. ..ot
Quad SPSTCMOS Analog SWItCh . ... ov vttt aeenaens
High Speed Quad SPSTCMOS Switch .. ... i e
CMOS Analog SWItChes . . . ...t e e
CMOS ANalog SWItChES . . . .ottt
CMOS Analog SWItChes . .. ... ot e e e
CMOS Analog SWItChes . .......ciii i e i e
Single 16/Differential 8 Channel CMOS Analog Multiplexers ..................

Single 16/Differential 8 Channel CMOS Analog Multiplexerswith . .............
Active Overvoltage Protection

Single 8/Differential 4 Channel CMOS Analog Multiplexers ...................

Single 8/Differential 4 Channel CMOS Analog Multiplexers with ...............
Active Overvoltage Protection

16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer ... ...
8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer ... ....
4 Channel Wideband and Video Multiplexer .................ccooiiiiiiian..
Monolithic, 4 Channel, Low Level, Differential Multiplexer ...................

Single 16/Differential 8 Channel CMOS Analog Multiplexerswith ..............
Active Overvoltage Protection

Single 8/Differential 4 Channel CMOS Analog Multiplexers with ...............
Active Overvoltage Protection

12-Bit High Speed Monolithic Digital-to-Analog Converter ...................
High Speed Monolithic Digital-to-Analog Converter with Reference. ...........
Fast, Complete 12-Bit A/D Converter with Microprocessor Interface ...........
12us, Complete 12-Bit A/D Converter with Microprocessor Interface...........
8us, Complete 12-Bit A/D Converter with Microprocessor Interface ............
8-Bit High Speed Digital-to-Analog Converters ........................... ‘.
High Speed Monolithic Digital-to-Analog Converter .........................
12-Bit Low Cost Monolithic Digital-to-Analog Converter .....................
High Performance Monolithic 12-Bit Digital-to-Analog Converter .............
Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ... .. ..
High Speed, 12~Bit Low Cost Monolithic Digital-to-Analog Converter . .........
16-Bit Digital-to-Analog Converter .. ..........c.ccoiiiiiiiiiiiiiiiiiennnn,
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Analog Product Listing

Analog-to-Digital Converters

HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor Interface ...........
HI-674A 12us, Complete 12-Bit A/D Converter with Microprocessor Interface...........
HI-774 8us, Complete 12-Bit A/D Converter with Microprocessor Interface . ...........

Digital-to-Analog Converters

HI-562A 12-Bit High Speed Monolithic Digital-to~Analog Converter ...................

HI-565A High Speed Monolithic Digital-to-Analog Converter with Reference............

HI-5618A/5618B 8-Bit High Speed Digital-to-Analog Converters ..............c.ccciiiiiineen.

HI-5660/5660A High Speed Monolithic Digital-to-Analog Converter .........................

HI-5680 12-Bit Low Cost Monolithic Digital-to-Analog Converter .....................

HI-5685/5685A High Performance Monolithic 12-Bit Digital-to-Analog Converter .............

HI-5687 Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter . . . ....

HI-5690V/95V/97V High Speed, 12-Bit Low Cost Monolithic Digital-to-Analog Converter . ..........

HI-DAC16B/DAC16C 16-Bit Digital-to-Analog Converter .............coiiiiiiiiiniiininiinnnn.

Multiplexers

SINGLE 8/DIFFERENTIAL 4 CHANNEL:

HI-508/509 Single 8/Differential 4 Channel CMOS Analog Multiplexers ...................

HI-508A/509A Single 8/Differential 4 Channel CMOS Analog Multiplexers with ...............
Active Overvoltage Protection

HI-518 8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer .......

HI-548/549 Single 8/Differential 4 Channel CMOS Analog Multiplexers with ...............
Active Overvoltage Protection

HI-1818A/1828A Low Resistance Single 8/Differential 4 Channel .............................

CMOS Analog Multiplexers
SINGLE 16/DIFFERENTIAL 8 CHANNEL:

HI-506/507 Single 16/Differential 8 Channel CMOS Analog Multiplexers ..................

HI-506A/507A Single 16/Differential 8 Channel CMOS Analog Multiplexers with . .............
Active Overvoltage Protection

HI-516 16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer .. ....

HI-546/547 Single 16/Differential 8 Channel CMOS Analog Multiplexers with ..............
Active Overvoltage Protection

4 CHANNEL:

HI-524 4 Channel Wideband and Video Multiplexer ...t

HI-539 Monolithic, 4 Channel, Low Level, Differential Multiplexer .....................

Operational Amplifiers: High Slew Rate

SINGLES:

HA-2500/02/05 Precision High Slew Rate Operational Amplifiers ............................
HA-2510/12/15 High Slew Rate Operational Amplifiers .............. ...,
HA-2520/22/25 Uncompensated High Slew Rate Operational Amplifiers ......................
HA-2529 Uncompensated, High Slew Rate High Output Current, Operational Amplifier ...
HA-2539 Very High Slew Rate Wideband Operational Amplifier . .......................
HA-2540 Wideband, Fast Settling Operational Amplifier................... ... ... ...
HA-2541 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier..............
HA-2542 Wideband, High Slew Rate, High Output Current Operational Amplifier .........
HA-2544 Video Operational Amplifier . ... it
HA-2620/22/25 Very Wideband, Uncompensated Operational Amplifiers .....................
HA-5101/11 Low Noise, High Performance Operational Amplifiers ........................
HA-5147 Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Ampilifier . ..
HA-5160/5162 Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier .
HA-5190/95 Wideband, Fast Settling Operational Amplifier............ ... ... ... ... ..

1-3

PAGE

5-15
5-26

6-4

6-10
6-17
6-24
6-33
6-39
6-45
6-51
6-57

4-16
4-23

4-34
4-59

4-65

4-10

4-29
4-53

z
3:19
Eh
ws
Zx
wo
ow

F

|



Analog Product Listing (continueq)

Operational Amplifiers: High Slew-Rate: (Continued) . PAGE
DUALS:

HA-5112 Dual, Low Noise, High Performance Operational Amplifiers ................... 2-133
QUADS:

HA-2400/04/05 PRAM Four Channel Programmable Amplifiers .............c..ooooiiiaiat, 2-9
HA-2406 Digitally Selectable Four Channel Operational Amplifier ...................... 2-13
HA-5114 Quad, Low Noise, High Performance Operational Amplifiers .................. 2-133

Operational Amplifiers: Wide Bandwidth

SINGLES:

HA-2510/12/15
HA-2520/22/25
HA-2539
HA-2540
HA-2541
HA-2542
HA-2600/02/05
HA-2620/22/25
HA-5111
HA-5137
HA-5147
HA-5160/62
HA-5190/95

DUALS:
HA-5112
QUADS:

HA-2400/04/05
HA-2406
HA-5114

High Slew Rate Operational Amplifiers ............ ..ottt 2-21
Uncompensated, High Slew Rate Operational Amplifiers...................... 2-25
Very High Slew Rate, Wideband Operational Amplifier. ....................... 2-36
Wideband, Fast Settling Operational Amplifier............. ..., 2-42
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier.............. 2-48
Wideband,High Slew Rate, High Output Current Operational Amplifier ......... 2-55
Wideband, High impedance Operational Amplifiers .......................... 2-72
Very Wideband, Uncompensated Operational Amplifiers ..................... 2-77
Single, Low Noise, High Performance Operational Amplifiers . ................. 2-123
Ultra-Low Noise, Precision, Wideband Operational Amplifier.................. 2-163
Ultra-Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier ... 2-176
Wideband, JFET Input, High Slew Rate, Uncompensated, Operational Amplifier . 2-190
Wideband, Fast Settling Operational Amplifiers..................iiienna.. 2-211
Dual, Low Noise, High Performance Operational Amplifiers ................... 2-133
PRAM Four Channel Programmable Amplifiers ...t 2-9
Digitally Selectable Four Channel Operational Amplifier ...................... 2-13
Quad, Low Noise, High Performance Operational Amplifiers .................. 2-133

Operational Amplifiers: Precision

HA-5127
HA-5130/35
HA-5134

HA-5137

HA-5147

HA-5170

HA-5177 Preliminary
HA-5180

Ultra-Low Noise, Preision Operational Amplifier .....................ooooat. 2-142
Precision Operational Amplifiers. . ........c.ooit it 2-149
Precision Quad Operational Amplifier ............cooiiiiiiiiiiiiinnnn.n 2-156
Ultra-Low Noise, Precision, Wideband Operational Amplifier.................. 2-163
Ultra~Low Noise, Precision, High Slew Rate, Wideband Operational Amplifier ... 2-176
Precision, JFET Input Operational Amplifier ................ccooiiiiiii.. 2-197
Ultra~Low Offset Voltage Operational Amplifier ................ ..ot 2-202
Low Bias Current, Low Power, JFET Input Operational Amplifier ............... 2-205

Operational Amplifiers: Low Power

SINGLES:
HA-2720/25
HA-5141
HA-5151
DUALS:
HA-5142
HA-5152
QUADS:

HA-5144
HA-5154

Wide Range Programmable Operational Amplifier ....................... ... 2-90

Single Ultra-Low Power Operational Amplifiers...................coooiiia. 2-170
Single Low Power Operational Amplifiers .................. .. oo, 2-183
Dual Ultra-Low Power Operational Amplifiers ..., 2-170
Dual Low Power Operational Amplifiers ............cccoiiiiiiiiiiiininannn.. 2-183
Quad Ultra-Low Power Operational Amplifiers .................iiii.... 2-170
Quad Low Power Operational Amplifiers. .............cooviiiiiiiiiiiiiian.. 2-183
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Analog Product Listing (continueq)
Operational Amplifiers: General Purpose PAGE
SINGLES:
HA-2500/25 Precision, High Slew Rate Operational Amplifiers .............. ... .. .. .. ..., 2-17
HA-2600/02/05 Wideband, Higl) Impedance Operational Amplifiers .......................... 2-72
HA-5101/5111 Single, Low Noise, High Performance Operational Amplifiers . ................. 2-123
DUALS: \
HA-5102 Dual, Low Noise, High Performance Operational Amplifiers ................... 2-133
HA-5112 Dual, Low Noise, High Performance Operational Amplifiers ................... 2-133
HA-2650/55 Dual High Performance Operational Amplifier ................. ... .. ..cco.. 2-86
QUADS: .
HA-2400/04/05 PRAM Four Channel Programmable Amplifiers ............. ... . ....coiu.. 2-9 - ’
HA-2406 Digitally Selectable Four Channel Operational Amplifier ...................... 2-13 49 i
HA-4741 Quad Operational AMPHIET . . . ... ..o et e 2-96 =5
HA-5104 Quad, Low Noise, High Performance Operational Amplifiers .................. 2-133 E E
HA-5114 Quad, Low Noise, High Performance Operational Amplifiers .................. 2-133 G} g
Operational Amplifiers: High Voltage

HA-2640/45 High Voltage Operational Amplifiers............. ... ... . i, 2-82

Operational Amplifiers: Addressable

HA-2400/04/05 PRAM Four Channel Programmable Amplifiers ............ ... iiiaiea.. 2-9

HA-2406 Digitally Selectable Four Channel Operational Amplifier ...................... 2-13

Operational Amplifiers: Current Buffers

HA-5002 Monolithic, Wideband, High Slew Rate, High Output CurrentBuffer ............ 2-107

HA-5033 Video Buffer .. ... . e 2-114

Comparators

HA-4900/02/05 Precision Quad Comparator ........ O 2-100

Switches

SPST:

HI-5040 CMOS ANalog SWItCRES . . . oottt ittt et i 3-37

2 x SPST:

HI-200 Dual SPST CMOS Analog SWitCh . .. ...t e e 3-5

HI-300 CMOS Analog SWItChes . . ... e e 3-26

HI-304 CMOS Analog SWItChes . . ... et 3-26

HI-381 CMOS ANalog SWItChES . .. . o e ettt 3-31

HI-5041 CMOS ANalog SWItCHES . . . oottt e et et iaeaanns 3-37 i
HI-5048 CMOS ANalog SWIHCHES . . . ..o et et e e e e e e e e iaeeeeen 3-37 ‘
4 x SPST:

HI-201 Quad SPST CMOS Analog Switch ... ...... e 3-11 1
HI-201HS High Speed Quad SPSTCMOS SWitCh ... ... .viiiiii e 3-17 ‘
SPDT:

HI-301 CMOS ANnalog SWItChES . . . ..ttt ettt i e i e e i ens 3-26
HI-305 CMOS ANalog SWItChES . ...ttt i ittt et ii e eeenns 3-26 L
HI-387 CMOS AnalogSwitches . .........covveeervinnnnn, e, 3-31 s
HI-5042 CMOS Analog Switche\s .................................................. 3-37 X
HI-5050 CMOS ANalog SWItCHES . .. .ot vttt vttt et e ii s e e earanns 3-37 I




Switches (Continued)

2 x SPDT:

HI-303
HI-307
HI-390
HI-5043
HI-5051

DPST:
HI-5044
2 xDPST:

HI-302
HI-306
HI-384
HI-5045
HI-5049

DPDT:
HI-5046/46A
4PST:
HI-5047/47A

Analog Product Listing (continueq)

Sample and Hold Amplifiers

HA-2420/25
HA-5320
HA-5330

Telecommunication Circuits

HC-5502A
HC-5502B Preview
HC-5504
HC-5504B Preview
HC-5512/5512A
HC-5512D
HC-5560
HC-55536
HC-55564

HF-10

PAGE

CMOS Analog SWItChES . . . ..ottt e e s 3-26
CMOS Analog Switches . .........icocviiiiiiiieann.n. e 3-26
CMOS ANalog SWItChES . . . .. oot e e 3-31
CMOS Analog SWItChES . . . ..ottt s 3-37
CMOS Analog SWItCheS . . . ...t ittt e e ieaes 3-37
CMOS Analog SWItChES . . . & o vt e e et 3-37
CMOS Analog SWItChes . ... ..o e 3-26
CMOS Analog SWitChes ... ... ot e 3-26
CMOS Analog Switches ......... e e e e 3-31
CMOS Analog SWItChes . ... ..o e 3-37
CMOS Analog Switches . ... ... S 3-37
CMOS Analog SWItChES . .. .o oot e 3-37
CMOS Analog SWItChesS . .. ...t s 3-37
FastSampleandHold .............. i 7-3

High Speed Precision Monolithic Sample and Hold Amplifier . ................. 7-10
Very High Speed Monolithic Sample and Hold Amplifier ...................... 7-17
Subscriber Line Interface Circuit (SLIC). . . ... 8-5

Subscriber Line Interface Circuit (SLIC) . . ... .o o 8-11
Subscriber Line Interface Circuit (SLIC) . .. ... ..o 8-12
Subscriber Line Interface Circuit (SLIC) . . . ... .ot e 8-18
PCM MONOIthIC FIILErS . . .ottt ettt e 8-19
PCM Monolithic Filter Miltary Temperature Range ...................cooiau.. 8-26
Transcoder ...........ccovvune...s et eeiiereaeeeieietae e, 8-49
All-Digital Continuously Variable Slope Delta Demodulator (CVSD) ......... ... 8-35
All-Digital Continuously Variable Slope Delta Modulator (CVSD) ............... 8-39
Universal Active Filter .. ... ... e 8-46



Ordering Information

Harris products are designated by a “Harris Product Code.”
The codes always begin with the letter “H”, and the
numbers which identify specific devices are separated by

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

HARRIS PRODUCT CODE EXAMPLE
HI1 7 — 5147 — 5
PREFIX: T -]7 PART NUMBER
H (HARRIS)
TEMPERATURE:
FAMILY: 2 -550C to +1250C
A : Analog 4 -250C to +85°C
C : Communications 5 09C to +759C
D : Digital 6 100% +259C Probe (Dice Only)
F : Filters 7 Dash-7 High Reliability Commercial
I : Interface Product 09C to +75°C,
M : Memory Includes 96 hour Burn-In
V : Analog High Voltage 8 : Dash-8Program, Hi-Rel Processing
with Burn-In, -550C to +12590C
PACKAGE: , - /883 : Full Compliance to MIL-STD-883
1 : Dual-In-Line Ceramic
2 Metal Can Special High Temperature Testing Available on Certain
3 Dual-In-Line Plastic Product Types. Consult Factory for Availability.
4 . Ceramic Leadless Chip Carriers (LCC)
4P : Plastic Leaded Chip Carriers (PLCC)
7 : Mini-DIP, Ceramic
o] Chip Form

COMMERCIAL AND INDUSTRIAL PRODUCTS

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

1) Operating Temperature Range
2) Electrical Performance

3) Package Type

4) Additional Screening Tests

Parts are marked with appropriate prefix and suffix
designations, as illustrated in the Product Code Example.
The information contained in this data book 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. These products are available worldwide
from authorized distributors.

SPECIAL ORDERS

For those customers wishing additional screening (burn-in,
etc.), Harris offers the DASH 7 screening program
(described in Section 9). 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 on, or to request modification to, special screening
requirements.

Harris application engineers may be consulted for informa-
tion concerning the suitability of a product for a given
application.

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 Class B parts. The require-
ments for these products are controlled in one of two ways:
1. Government standards (such as JAN Slash Sheets,
Standard Military Drawings (SMDs), or BS9000;

2. Harris Standards.

The Harris Standard Military Products Program is based
on our experience in the JAN program. JAN certification
is maintained on our production and Product Assurance
operations and forms 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 SMDs. In
addition, Harris offers many products as fully conformant to
MIL-STD-883 via an internal standards program.

The information in this data book is intended to describe the
expected part behavior under certain operating conditions.
The product descriptions, particularly in the area of electri-
cal performance, do not precisely reflect those of our JAN
qualified, SMD, BSS000, or MIL-STD-883 compliant
products and are not necessarily test requirements for
Harris military standard compliant products.

The actual product test requirements for JAN and SMD
parts are described in the appropriate MIL-M-38510 slash
sheet or SMD. In addition, Harris issues product data sheets
for MIL-STD-883 compliant parts which describe actual
test requirements. These compliant products are 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.
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IC Handling Procedures

Harris Analog IC processes are designed to produce the
most rugged products on the market. However, no
semiconductor is immune from damage resulting from the
sudden application of many thousands of volts of static
electricity. While the phenomenon of catastrophic 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
networks 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 system of chip input protection in existence in the
industry. In addition, most compensation networks in linear
circuits are located at high impedance nodes, where protec-
tion networks would disturb normal circuit operation. If
static discharge occurs at sufficient magnitude (2kV or
more), some damage 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 addi-
tional measures to be implemented to eliminate 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 accom-
plished as follows:

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

Ground all handling equipment.

Ground all handling personnel with a conductive brace-
let through 1MQ to ground (the 1MQ resistor will
prevent electroshock injury to personnel).- 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, high-
ly dielectric in nature, will hold, or aid in the generation
of a static charge. Where they cannot be eliminated,
natural materials such as cotton should be used to mini-
mize 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%).

lonized air blowers reduce charge build-up in areas
where grounding is not possible or practical.

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

In automated handling equipment, the belts, chutes, or
other surfaces should be of conducting non-metal mate-
rial. 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)

Although it is the most common integrated circuit process,
Harris offers only a limited number of products, such as the
HA-4741, using JI technology. Latchup and other problems
have made the Harris Dielectric Isolation (DI) process,
described below, more reliable.

Bipolar ICs using the JI process generally begin with a
p-type wafer into which a buried layer pattern can be first
diffused. Next the n-type epitaxial layer is grown, and
p-type isolation walls are diffused around each area 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-substrate. 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.
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DIELECTRIC ISOLATION (DI)

Harris has developed a different process which has many
advantages over JI for fabricating high performance analog
ICs. With Dielectric Isolation (DI), each active area is sur-
rounded on the sides and bottom by an insulating layer of
silicon dioxide and embedded in polycrystalline silicon for
mechanical strength.

For bipolar ICs, the process 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. Silicon
dioxide and polycrystalline silicon are grown to fill the
etched “moats.” The opposite side of the wafer is then
polished until the insulating sidewalls appear at the wafer
surface (Figure 2). Conventional diffusion and metallization
processes follow to complete the IC.

ICs fabricated under the DI process are superior in the
following ways.

1. Aimost all op amp designs require at least one PNP tran-
sistor in the signal path. Typical J| op amps must use a
lateral PNP with its inherent very low frequency
response, thus limiting typical compensated bandwidth
to 1MHz.

The DI process makes it practical to build a vertical PNP,
allowing 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 resisters 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 tempera-
ture conditions are greatly reduced. Although the circuits
described 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 Custom 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 as well as failures
due to input voltage spikes. The DI CMOS process
(described in detail in Harris Application Note 521) has
proven to be the best solution.

Since analog multiplexers are often used at the input of a
data acquisition system, particular attention must be paid to
the possibility of damaging input overvoltage conditions.
Harris has provided an effective answer in the HI-546
through HI-549 multiplexers with built-in overvoltage pro-
tection.

Dark areas denote contact aperatures.

(a) BURIED LAYER for aluminum metallization
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STRUCTURES OF VARIOUS COMPONENTS FORMED IN THE JUNCTION-ISOLATION PROCESS.
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FIGURE 2. PROCESS STEPS FOR DIELECTRIC ISOLATION. (a) SURFACE PREPARATION, (b) N-BURIED LAYER
DIFFUSION, (c) MASKING OXIDE, (d) ISOLATION PATTERN, (e) SILICON ETCH, (f) DIELECTRIC OXIDE,
(g) POLYCRYSTALLINE DEPOSITION, (h) BACKLAP AND POLISH, (i) FINISHED SLICE.
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FIGURE 3. THE HIGH-FREQUENCY PROCESS. (a) CROSS-SECTIONAL VIEW OF P AND N ISLANDS FOR PNP AND NPN
TRANSISTORS. (b) TOPOLOGICAL VIEW SHOWING RELATIVE PLACEMENT OF TRANSISTOR REGIONS.
(c) CROSS-SECTIONAL VIEW OF HIGH- FREQUENCY PNP DEVICE FORMATION IN THE D.l. PROCESS.
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Competitive Cross Reference Chart

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl Repl Advantages
AMD AM118 HA-2510 Unity gain stable
AM1408 HI-5618-5 Faster, application resistors
AM1508 HI-5618-2 Faster, application resistors
AM318 HA-2515 Unity gain stable
AM6012 HI-562A Faster, application resistors, int. linearity
HI-56660 Int. linearity, application resistors
AM6420 HA-5320
HA-5330
LF198 HA-2420 Improved performance
LF398 HA-2425 Improved performance
S$551408 HI-5618-5 Faster, application resistors
S$SS1508 HI-5618-2 Faster, application resistors
ANALOG DEV 52 HA-5180 Monolithic
AD1408 HI-56618-5 Faster, application resistors
AD1508 HI-5618-2 Faster, application resistors
AD380,AD382 HA-2542 Monolithic
AD381 HA-2541 Monolithic
AD389 HA-5320 Faster, monolithic
AD507 HA-2620 Identical
AD509 HA-2520 HA-2529 Identical
AD515 HA-5180 Monolithic
AD518 HA-2510
AD542L HA-5170 Better AC
AD545 HA-5180 Monolithic
AD547J HA-5170 Better AC
AD562 HI-562A Faster
HI-5660 Faster
AD563 HI-5665A Faster
AD565 HI-565A Faster
AD565A HI-665A
AD566 HI-56660
HI-562
AD566A HI-5660
HI-562A
AD574A HI-674AHI-674A Digital timing, 674A is 2.3 times faster
AD582 HA-2425 Acquisition time
AD583K HA-2425-5 Identical
AD585 HA-5320/HA-5330 Faster, better accuracy
AD667 HI-5811
AD7501 HI-508 DI process
AD7502 HI-1828A DI process
AD7503 HI-1818A DI process
AD7506 HI-506 DI process
AD7507 HI-507 DI process
AD7511 HI-201
AD7512 HI-5043
ADADC80 HI-574A Power, smaller pkg.
HI-674A Faster, power, smaller pkg.
ADADC84/85 HI-674A Power, smaller pkg.
ADDAC 08 HI-56618 Faster, application resistors
DAC 80 HI-5680,HI-5690 5690 is 2.67 times faster
DAC 85 HI-5685,HI-5695 5695 is 2.67 times faster
DAC 87 HI-5687,HI-56697 5697 is 2.67 times faster
ADG200 HI-200
ADLH0032 HA-5190,HA-2542 Monolithic
HOS050 HA-2542 Monolithic
HOS100 HA-5033 Monolithic
ANALOGIC MN4708 HI-508
HI-1818A
MP1812A HI-5680V Faster, monolithic, power, smaller pkg.
MP250M HA-2420/25 Faster, monolithic, smaller
MP260 HA-2420/25 Monolithic, smaller pkg.
MP261 HA-2420 Monolithic, smaller pkg.
MP270/271 HA-5320 Monolithic, smaller pkg.
BECKMAN 7556 HI-574A Faster, smaller pkg.
7580 HI-56690 HI-5680 Faster, monolithic
BURR-BROWN 3500 HA-2600 Better AC
3503 HA-2505 Identical
3506 HA-2605 Identical
3507 HA-2525 HA-2529 Identical
3508 HA-2625 Identical
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Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl Repl Advantages
BURR-BROWN 3521 HA-5170 Better AC
(cont.) 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
ADC80 HI-574A Smaller pkg., power
HI-674A Faster, smaller pkg., power
ADC84/85 HI-674A Smaller pkg., power
DAC70 HI-DAC16 Faster, monolithic
DAC700/701 HI-DAC16
DAC702/703 HI-DAC16
DAC71/72 HI-DAC16 Monolithic, ““I” output
DAC80 HI-5680,HI-5690 Faster, monolithic, power
DAC800 HI-5680,HI-5690 5690 is 3.33 times faster, lower power
DAC811 HI-5811
DAC85 HI-5685,HI-5695 Faster, monolithic, power
DAC850 HI-5685,HI-5695 5695 is 3.33 times faster, lower power
DAC851 HI-5687,HI-56697 6697 is 3.33 times faster, lower power
DAC87 HI-5687,HI-5697 Faster, monolithic, power
MPC16S HI-546-5 Identical
MPC4D HI-549-5 Identical
MPC800KG HI-516-6 Identical
MPC801KG HI-518-6 Identical
MPC801SG HI-518-2 Identical
MPC8D HI-547-5 Identical
MPC8S Hi-548-5 Identical
OPA103 HA-5180 Better AC
OPA104 HA-5180
OPA11 HA-2600
OPA21 HA-5141,HA-5151
OPA27 HA-5127
OPA37 HA-5137,HA-5147
OPA600 HA-2542
OPA633 HA-5033
SCH298AM HA-2425 Improved performance
SCH80/85 HA-2425 Faster, monolithic, power
SHC85ET HA-2420 Faster, monolithic, power
SHM60 HA-5320 Monolithic, smaller pkg.
ADC574A HI-5674A Identical
ADC674A HI-674A Identical
SHC5320 HA-5320 Identical
DATA DEVICE ADHO51 HA-5330 Monolithic, smaller pkg., power
CORP. ADH8585 HI-674A Smaller pkg., power
DDC5200 HI-674A Faster
DDC5210/11 HI-674A
DDC5212/16 HI-674A
DDCADC85 HI-674A Smaller pkg., power
DDCDAC85 HI-5680,HI-5690 Faster, smaller pkg., power
DDCDAC85LD HI-56685,HI-5695 Monolithic, power
DDCDAC87 HI-5687,HI-5697 Monolithic, power, 5697 is 3.33 times faster
DGL13 HA-5320 Monolithic, smaller pkg., power
THC4460 HA-5320 Monolithic, smaller pkg.
DATEL ADC52XX HI-674A Lower power
ADC574A HI-574A,HI-674A Identical, 674 is 1.67 times faster
ADC8412 HI-674A Smaller pkg. power .
ADC85C12 HI-674A Smaller pkg., power
ADC8712 HI-674A Smaller pkg., power
ADCHX128B HI-574A Smaller pkg., power
HI-674A Faster, smaller pkg., power
ADCL12B2 HI-674A Smaller pkg.
HI-674A Faster, smaller pkg.
ADCM12B2 HI-674A Smaller pkg.
ADCMA12B2A HI-674A Faster, smaller pkg.
ADCMA12B2B HI574A Smaller pkg.
HI-674A Faster, smaller pkg.
AM450 HA-2505
AM452 HA-2525 HA-2529
AM460 HA-2605
AM462 HA-2625
AM464 HA-2645
DACO08B HI-5618 Faster, application resistors
DAC562 HI-562A Identical




Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Number Replacement Replacement Advantages
DATEL (cont.) DAC71/72 HI-DAC16 Monolithic
DAC85 HI-5685,HI-5695 Faster, monolithic, power
DAC85C Hi-5680,HI-5690 Monolithic, power, 5690 is 2 times faster
DAC87 HI-5687,HI-5697 Faster, monolithic, power
DACHP16B HI-DAC16 Monolithic
DACHR16B HI-DAC16 Monolithic, smaller pkg.
DACHZ12B HI-56690/95/97 HI-56680/85/87 Faster, monolithic
DACIC108 HI-5610 Faster, application resistors
DACIC8B HI-5618 Faster, application resistors
MV1606 HI-5606 Identical
Mv808 HI-1818A Identical
MVD409 HI-1828A Identical
MVD807 Hi-507 Identical
MX1606 HI-646 Identical
MX1616 HI-516 Identical
MX808 HIi-548 Identical
MX818 HI-518 Identical
MXD409 HI-549 Identical
MXD807 HI-547 Identical
SHM1C-1 HA-2425 Identical
SHM1C-1M HA-2420 Identical
SHM20 HA-5320 Identical
SHM6M HA-5320 Monolithic, smaller pkg.
HA-5330 Faster, monolithic, smaller pkg.
SHMSM HA-2420 Faster, monolithic, smaller pkg.
SHMLM-2 HA-2420 Faster
ELANTEC EHA2500 HA-2500
EHA2502 HA-2502
EHA2505 HA-2505
EHA2510 HA-2510
EHA2512 HA-2512
EHA2515 HA-2515
EHA2520 HA-2520
EHA2522 HA-2522
EHA2525 HA-2525
EHA2600 HA-2600
EHA2602 HA-2602
EHA2605 HA-2605
EHA2620 HA-2620
EHA2622 HA-2622
EHA2625 HA-2625
ELHO002 HA-5002-2 Monolithic
ELHO002C HA-5002-5 Monolithic
ELHO033 HA-5033-2 Monolithic
ELHO033C HA-5033-5 Monolithic
ELHO041 HA-2542-2 Monolithic
ELHO041C HA-2542-5 Monolithic
EXAR XR4212 HA-4741
XR3417 Lower power
XR3418 HC-55536 or Fewer external components
XR3517 HC-55564 Military pkg.
XR3518
FAIRCHILD MA0801/02 HI-5618 Faster, application resistors
MA1458 HA-5102 Better AC, lower noise
MA1558 HA-5102 Better AC, lower noise
MA198 HA-2420 Improved performance
MA398 HA-2425 Improved performance
MA565 HI-565A
MAT02 HA-2620
MAT09 HA-2620
PAT14 HA-5135 Better DC
MAT15 HA-2520,HA-2529 Better AC
MAT727 HA-5135 Better DC
MAT740 HA-5170 Better AC
MA741 HA-2600 Better AC
FAIRCHILD UAT747 HA-5102 Lower noise
HAT748 HA-2600 Better AC
UATT6 HA-2720 Better AC, lower noise
HITACHI HA17408 HI-5618 Faster, application resistors
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Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl Repl Advantages
HYBRID ADC550 HI-574A Faster, smaller pkg., power
SYSTEM ADC581 HI-5674A
HI-674A Faster
DAC3281-16 HI-DAC16 Monolithic, smaller pkg.
DAC335-12 HI-5687V Faster, monolithic
DAC346C-12 HI-5680V Faster, monolithic
DAC347LP-12 HI-5687V Faster, monolithic
DAC372 HI-5680 Monolithic
DAC3721-8 HI-5618 Faster, monolithic
DAC395-8 HI-5618 Monolithic, smaller pkg.
HS346 HA-5320 Faster, monolithic
HS5200 HI-674A
HS574 HI-574A,HI-674A Digital timing, 674 is 2 times faster
HS730 HA-5320 Monolithic, smaller pkg.
HA-5330 Faster, monolithic, smaller pkg.
HSDAC80 HI-5680,HI-5690 Faster, monolithic, power, 5690 is 5.56 times faster
HSDAC87 HI-5687,HI-5697 Faster, monolithic, power
MUX201 HI-1818A Lower power, smaller pkg.
SH725 HA-2420 Faster, monolithic, smaller pkg.
INTECH 1048BIN-P HI-574A Smaller pkg., power
HI-674A Faster, smaller pkg., power
416 BIN HI-DAC16 Smaller pkg.
A3103 HI-674A Smaller pkg., power
A3155 HI-5674A Smaller pkg., power
HI-674A Faster, smaller pkg., power
A880/880-2 HA-5320 Faster, monolithic, power
A881 HA-56320 Monolithic, smaller pkg., power
A882/884 HA-2420/25 Faster, monolithic, power
ADC111 HI-574A Smaller pkg.. power
HI-674A Faster, smaller pkg., power
ADC2812 HI-547A Smaller pkg., power
HI-674A Faster, smaller pkg., power
ASH240/250 HA-2420/25 Monolithic, smaller pkg., power
ASH271 HA-5320 Monolithic, smaller pkg., power
CYAAD12OM HI-674A Smaller pkg., power
HI-674A Faster, smaller pkg., power
INTEL D2912 HC-5512 Lower power, lower noise
D2912A HC-5512 Lower power, lower noise
HC-5512A/12D Lower power, lower noise
SBC 86/05 HBO-986C05 CMOS micro components. Lower
NMOS power 16K static RAM w/full mercury back-up
INTERSIL DG200 HI-200 Dielectric Isolation
DG201 HI-201 Dielectric Isolation
ICL7541 Identical
ICL7611 HA-5141 Lower noise
ICL7615 HA-5141 Better AC, lower noise
ICL7621 HA-5142 Better AC, lower noise
ICL7642 HA-5144 Better AC, lower noise
ICLB017 HA-2520,HA-2529
ICL8021 HA-5141 Better AC
ICLBO75
ICL8211
1H201 HI-201 More stable over temp.
1H5040 HI-5040 More stable over temp.
IH5041 HI-5041 More stable over temp.
1H5042 HI-5042 More stable over temp.
IH5043 HI-5043 More stable over temp.
1H5044 HI-5044 More stable over temp.
IH5045 HI-5045 More stable over temp.
IH5046 HI-5046 More stable over temp.
IH5047 HI-5047 More stable over temp.
IH5048 HI-5048 More stable over temp.
IH5049 HI-5049 More stable over temp.
IH5050 HI-5050 More stable over temp.
IH5051 HI-5051 More stable over temp.
IH5108 HI-548 Signal range, same pinout
IH5110/11 HA-2420/25
IH5112/13 HA-2420/25
IH5114/15 HA-2420/25
IH5200 HI-200 Constant Ron
IH5201 HI-201 Constant Ron
1H5208 HI-609A Vin range, same pinout
IH6108 HI-508 Ron, DI, same pinout




Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl Repl Advantages

INTERSIL IH6116 HI-506 Ron, DI, same pinout
(cont.) IH6208 HI-509 Ron, DI, same pinout

IH6216 HI-5607 Ron, DI, same pinout

LM4250 HA-2720 Better AC, lower noise
INTRONICS A-560 HA-2525,HA-2529

A-561 HA-2625
MAXIM MAX400M HA-5127-2

MAX400C HA-5127-5

MAX460M HA-5033-2 Lower noise, DI

MAX460C HA-5033-5 Lower noise, DI

BB3553 HA-5033 Monolithic, DI

BB3554 HA-2542 Monolithic, DI

LHO033 HA-5033 Monolithic

0PO7 HA-5130 Better AC - DI

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

DG390 HI-390 Dielectric Isolation

IH5040 HI-5040 Dielectric Isolation

1H5041 HI-5041 Dielectric Isolation

IH5042 HI-5042 Dielectric Isolation

IH5043 HI-5043 Dielectric Isolation

IH5044 HI-5044 Dielectric Isolation

IH5045 HI-5045 Dielectric Isolation

IH5046 HI-5046 Dielectric Isolation

IH5047 HI-5047 Dielectric Isolation

IH5048 HI-5048 Dielectric Isolation

1H5049 HI1-5049 Dielectric Isolation

IH5050 HI-5050 Dielectric Isolation

IH5051 HI-5051 Dielectric Isolation

MAX358/359 HI-508A/509A Wider input range, constant Ron, same pinout
MICRO ADC80 HI-674A Smaller pkg., power
NETWORKS HI-674A Faster, smaller pkg., power

DAC80 HI1-6680,HI-5690 Monolithic, power, 5690 is 5.56 times faster

DAC85 HI-5685,HI-5695 Monolithic, power, 5695 is 5.56 times faster

DAC87 HI-5687,HI-5697 Monolithic, power, 5697 is 5.56 times faster

MN-ADC84/85/87 HI-674A Smaller pkg., power

MN3009 HI-5618 Monolithic

MN3014 HI-5618 Monolithic

MN3348 HI-5680V/87V Faster, monolithic, power

MN3349 HI-5685V/87V Faster, monolithic

MN343/344 HA-2420 Faster, monolithic

MN346/347 HA-5320 Faster, monolithic

MN370/371 HI-56687V Monolithic

MN373 HA-5320

MN375 HA-5330 Monolithic, lower power

MN5200 HI-574A Faster

MN5210 HI-674A Two chip design

MN565A HI-665A

MN574A HI-574A,HI-674A 674A is 2.3 times faster
MICRO POWER MP200DI HI-200 Constant Ron
SYSTEMS MP201Di HI-201 Constant Ron

MP5527 HA-5127

MP5537 HA-5137

MP562 HI-662A Faster

MP574 HI-574A,HI-674A Digital timing, 674A is 2 times faster

MP7501 HI-508

MP7503 HI1-1818A

MP7502 HI-1828A

MP7506 HI-506 DI processing

MP7507 HI-507 DI processing

MP7508DI H1-508

MP7509DI HI-509
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Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb. Repl. nt Repl. Advantages
MITEL MT8912 HC-5512 Lower noise, lower cross talk
MOSTEK MK5912 HC-55612 Lower noise and power
MOTOROLA LF1565 HA-5170 Better DC
LF155A HA-5170 Better DC
LF156 HA-5170 Better DC
LF156A HA-5170 Better DC
LF157 HA-5160 Better DC
LF157A HA-5160 Better DC
LF355 HA-5170 Better DC
LF355A HA-5170 Better DC
LF356 HA-5170 Better DC
LF356A HA-5170 Better DC
LF357 HA-5160 Better DC
LF357A HA-5160 Better DC
MC1408 HI-5618-5 Faster, application resistors
MC1430 HA-2600 Better AC
MC1431 HA-2600 Better AC
MC1436 HA-2640 Better AC and DC
MC1458 HA-5102 Better AC, lower noise
MC1508 HI-5618-2 Faster, application resistors
MC1558 HA-5102 Better AC, lower noise
MC1748 HA-2600 Better AC and DC
MC1776 HA-5141 Better AC, lower noise
MC34002 HA-5102 Better AC
MC34004 HA-5104 Better AC
MC3403 HA-4741 Better AC
AD562A HI-562A
MC3412 HI-565A
MC3417 HC-55564 or Lower power, few external components, military pkg.
MC3418 HC-55536
MC3517
MC3518
MC3419 HC-5502A Better longitudinal balance, transhybrid loss.
Fewer external components
HC-5504 Better longitudinal balance, transhybrid loss
Fewer external components
MC35002 HA-5102 Better AC
MC35004 HA-5104 Better AC
MC4741 HA-4741 Better AC
NATIONAL ADC1080/1280 HI-674A Smaller pkg., lower power
SEMICONDUCTOR HI-674A Faster, smaller pkg. power
ADC1210/11 HI-574A Faster, complete A/D
BLC 86/05 HBO-986C05 CMOS micro components, lower power 16K static ram
w/full mercury back-up
DAC0800/0102 HI-5618 Faster, application resistors
DAC0806/07/08 HI-5618 Faster, application resistors
DAC1200/01 Hi-5685V/87V Faster, lower power
DAC1265 HI-5665A
DAC1266 HI-56660
DAC1280 HI-5680,HI-5690 Monolithic, performance, 5690 is 4.44 times faster
DAC1285 HI-5685/87 Monolithic, performance, 5695/97 is 4.44 times faster
HI-5695/97
LFO023/43 HA-2420 Monolithic, performance
LFO053 HA-2420/25 Monolithic
HA-5320 Faster, monolithic
LF11201 HI-201
LF11508 HI-5608-2 Faster, Ron, power
LF11509 HI-5609-2 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
LF151 HA-5170
LF153 HA-5102
LF155 HA-5170 Better DC
LF155A HA-5170 Better DC
LF156 HA-5170 Better DC
LF156A HA-5170 Better DC
LF157 HA-5170 Better DC
LF157A HA-5160 Better DC
LF198 HA-2420 Improved performance
LF247
LF253




Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl Repl Advantages
NATIONAL LF347
SEMICONDUCTOR LF353
(cont.) LF355 HA-5170 Better DC
LF355A HA-5170 Better DC
LF356 HA-5170 Better DC
LF356A HA-5170 Better DC
LF357 HA-5160 Better DC
LF357A HA-5160 Better DC
LF398 HA-2425 Improved performance
LF412 HA-5102
LF412A HA-5102
LF441 HA-5141 Lower noise
LF442 HA-5142
LF444 HA-5144
LHO002 HA-5002 Monolithic, better AC and DC
LHO003 HA-2520,HA-2529 | Monolithic
LHOO004 HA-2640 Monolithic
LHO005 HA-2620 Monolithic
LHO022 HA-5180 Monolithic, better AC and DC
LH0032 HA-2542 Monolithic
LHO033 HA-5033 Monolithic, better DC
LHO042 HA-5180 Monolithic, better AC and DC
LHO052 HA-5180 Monolithic, better AC
LH0062 HA-5160 Monolithic, better AC
LM108 HA-5135 Better DC and AC
LM108A HA-5135 Better DC and AC
LM118 HA-2510 Unity gain stable
mM124 HA-4741 Better AC
LM143 HA-2640 Higher supply voltage
LM144 HA-2640
LM146 HA-2740 Better AC
LM148 HA-4741 Better AC
LM208 HA-5135 Better DC and AC
LM208A HA-5135 Better DC and AC
LM308 HA-5135 Better DC and AC
LM308A HA-5135 Better DC and AC
LM308A HA-5135 Better DC and AC
LM318 HA-2510 Unity gain stable
LM324 HA-4741 Better AC
LM343 HA-2640 Higher supply voltage
LM344 HA-2640
LM348 HA-4741 Better AC
LM4250 HA-5141 Lower noise
TP3040 HC-5512 Identical
TP3040A HC-5512A Identical
HC-5512D Military spec
PMI PM-155 HA-5180
PM-156 HA-5170
PM-157 HA-5160
OP-15 HA-5170
OP-16 HA-5160
OP-17 HA-5160
OP-42 HA-5160
0P-43 HA-5170
OoP-77 HA-5177
0oP-227 HA-5102
OP-400 HA-5134
OP-470 HA-5104
PRECISION DAC-08 HI-5618 Faster, application resistors
MONOLITHICS DAC-1408 HI-5618-5 Faster, application resistors
DAC-1508 HI-5618-2 Faster, application resistors
DAC-312 HI-562A Int. linearity, application resistors
DMX-88 HI-508 VIN range, lower power
GAPO1 HA-2400 4 channels
MUX-08 HA-508 IN range, lower power
MUX-16 HI-506 VIN range, lower power
MUX-24 HI-509 VIN range, lower power
MUX-28 HI-507 VIN range, lower power
MUX-88 HI-508 VIN range, lower power
OPO1 HA-2500 Better AC
OPO5 HA-5135 Better AC and DC
oP11 HA-4741
0oP20 HA-5141 Better AC
0P220 HA-5142 Better AC
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Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl 1t Repl Advantages
PRECISION orP27 HA-5127 i
MONOLITHICS 0oP37 HA-5137,HA-5147 | HA-5147 Superior performance
(cont.) 0P420 HA-5144 Better AC
PM-562 HI-562A Faster
SMP-10/11 HA-2425 Lower power
HA-5320 Faster, improved accuracy
SMP-81 HA-2420/25 Lower power
HA-5320 Faster, improved accuracy
S§SS1458 HA-5102 Better AC, lower noise
S$S1558 HA-5102 Better AC, lower noise
RAYTHEON LF155 HA-5170 Better DC
LF1565A HA-5170 Better DC
LF156 HA-5170 Better DC
LF156A HA-5170 Better DC
LF157 HA-5160 Better DC
LF167A HA-5160 Better DC
LF355 HA-5170 Better DC
LF355A HA-5170 Better DC
LF356 HA-5170 Better DC
LF356A HA-5170 Better DC
LF357 HA-5160 Better DC
LF357A HA-5160 Better DC
LM108 HA-5135 Better AC and DC
LM108A HA-5135 Better AC and DC
LM118 HA-2510 Unity gain stable
M124 HA-4741,HA-5154 | Better AC
LM148 HA-4741,HA-5154 | Better AC
LM208 HA-5135 Better AC and DC
LM208A HA-5135 - Better AC and DC
LM308 HA-5135 Better AC and DC
LM308A HA-5135 Better AC and DC
Lm318 HA-2515 Unity gain stable
LM324 HA-4741,HA-5154 | Better AC
LM348 HA-4741,HA-5154 | Better AC
RC1556 HA-2605 Better AC and DC
RC4131 HA-2605 Better AC
RC4136 HA-4741
RC4531 HA-2505 Dielectric Isolation
RC4741 HA-4741 Better AC
RM1556 HA-2600 Better AC and DC
RM4131 HA-2600 Better AC
RM4136 HA-4741,HA-5154
RM4156 HA-4741,HA-51564
RM4531 HA-2500 Dielectric Isolation, Better AC
RM4741 HA-4741 Better AC
RCA CA3020
CA3100 HA-2620
CA6078 HA-5141
CD4016 HI-201 Better AC and DC
SIGNETICS AM6012 HI-562A Int. linearity, application resistors
HI-5660 Int. linearity, application resistors
DACO8 HI-5618 Faster, application resistors
LF198 HA-2420 Improved performance
LF398 HA-2425 Improved performance
MC1408 HI-6618-5 Faster, application resistors
MC1508 HI-5618-2 Faster, application resistors
NE531 HA-2515
NE5532 HA-5102 Lower noise
NE5533 HA-5112 Lower noise
NE5534 HA-5135
NE5537 HA-2425-5 Lower power
HA-5320-5 Faster
NE5539 HA-2539 Better AC
SE531 HA-2510
SE5532 HA-5102 Lower noise
SE5533 HA-5112 Lower noise
SE5534 HA-5135
SE5539 HA-2539 Better AC
SILICON- SG741 HA-2500
GENERAL
SILICONIX DG181 HI-381 Dielectric Isolation




Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl. Repl Advantages

SILICONIX DG182 HI-381 Dielectric Isolation

(cont.) 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 temp range specified
DG271 HI-201HS Faster i
DG300A HI-300 Dielectric Isolation
DG301A HI-301 Dielectric Isolation (z)
DG302A HI-302 Dielectric Isolation &' =
DG303A HI-303 Dielectric Isolation [ o
DG304A HI-304 Dielectric Isolation u=
DG305A HI-305 Dielectric Isolation w g
DG306A HI1-306 Dielectric Isolation o
DG307A H1-307 Dielectric Isolation F4
DG381A HI-381 Dielectric Isolation
DG384A HI-384 Dielectric Isolation
DG387A HI-387 Dielectric Isolation
DG3390A H1-390 Dielectric Isolation
DG5040 HI-5040 Dielectric Isolation
DG5041 HI-5041 Dielectric Isolation
DG5042 “HI-6042 Dielectric Isolation
DG5043 HI-5043 Dielectric Isolation
DG5044 HI-5044 Dielectric Isolation
DG5045 HI-5045 Dielectric Isolation
DG506A HI-506 Lower power, DI processing
DG506AA HI-506-2 Lower power, DI processing
DG507A HI-607 Lower power, DI processing
DG507AA HI-507-2 Lower power, DI processing
DG508A HI-508 Lower power, DI processing
DG508AA HI-508-2 Lower power, DI processing
DG509A HI-509 Lower power, DI processing
DG509AA HI-509-2 Lower power, DI processing
SD5200 HI-201HS Dielectric Isolation

SOLITRON CM4016A HI-201 Better AC and DC
uCc4000 HA-2600
UCc4002 HA-2605

SPRAGUE ULN2139 HA-2600 i
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 1321 HA-2620 Identical

PHILBRICK 1322 HA-2620 Identical
1332 HA-2645 Identical
1339 HA-2625
1341 HA-2540 Identical
1342 HA-2539 Identical
1343 HA-5190 Identical
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-56680 Monolithic
4058-83 HI-5687 Monolithic
4068A HI-662A Identical
4084 HI-5618 Identical
4088 HI-DAC16 Identical ;




Competitive Cross Reference Chart (Continued)

Harris Pin-for-Pin Harris Closest Harris
Manufacturer Part Numb Repl. Repl: Advantages
TELEDYNE 4189
PHILBRICK 4551 HI-547 Identical
(cont.) 4562 Hi-646 Identical
4553 HI-549 identical
4554 HI-548 Identical
4853 HA-5320 Monolithic, smaller pkg.
4854 HA-2420 Faster, monolithic, smaller pkg.
4856 HA-2420/25 Identical
4857 HA-5320 Monolithic, smaller pkg., power
4866 HA-5320 Identical
DACB80I/V HI-56801/V Identical
TP5210 HI-674A
TP565A HI-665A Identical
TP574A HI-674A HI-674A Identical, 674A is 1.67 times faster
TPADC85/87
TEXAS MC1458 HA-5102 Lower noise
INSTRUMENTS MC1558 HA-5102 Lower noise
TCM2912A HC-5512 Lower noise, lower cross talk, lower power
TCM4212+ HC-5502A or Fewer external components
TCM4201+ HC-5504
TCM4208=
3 chip set
TLO22 HA-5142 Better DC
TLO44 HA-5144 Better DC
TLO61 HA-5141,HA-5151 | Better DC, lower noise
TWO62 HA-5142,HA-5152 | MIL range available
TLO64 HA-5144,HA-5154 | MIL range available
TLO72 HA-5102 MIL range available
TLO74 HA-5104 MIL range available
TLO82 HA-5102 MIL range available
TLO84 HA-5104 MIL range available
TRANSITRON TOA7709 HA-2600
TOA8709 HA-2605




High Temperature Electronics

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

e Well Logging
® Industrial Process Control
e Engine Control and Testing

e High Temperature Data Acquisition Systems

All parts offered in the -1 series have had their electrical
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:

® HA-2600-1.........covviinnnnn Operational Amplifier
® HA-2620-1............... ..., Operational Amplifier
® HI-200-1. .. ittt iiiiiiiee e Analog Switch
® HI-201-1. ..ot Analog Switch

Consult factory for price and availability information.

Packaging Techniques

Harris Semiconductor offers 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 comprised of the cavity and seal ring
section of a standard DIP and 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.

CHIP CARRIER
oI —_—
SEAL RING
DIE CAVITY
BONDING PADS
EXTERNAL CONTACTS
TRACES
DIE PAD
\
EXTERNAL CONTACT PADS
ASSEMBLY A
METAL LEADS

FIGURE 1.

EXPLODED VIEW OF CHIP CARRIER AND DIP

The LCC's two principle advantages over conventional
side-braze DIPs are packaging density and electrical
performance. Packaging density is the number one advan-
tage 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 count increases, overall size increases but at a much

slower rate. Table 1 provides a comparison between the
areas of 18, 28 and 48 lead LCCs to 18, 28 and 48 lead
side-braze DIPs.

TABLE 1.
LEAD LCcC DiP DIP AREA vs.
COUNT AREA AREA LCC AREA
18 0.10 0.22 220%
28 0.20 0.84 420%
48 0.31 1.68 542%

(All Units in Square Inches)

The chart indicates a 220% improvement in packaging area
for the 18 lead LCC, and 542% improvement for the 48 lead
LCC. Obviously, sizeable savings in circuit board area can
be achieved with this packaging option. The second major
advantage of the LCC is in electrical performance. The
package size and geometry also dictates trace length and
uniformity. Figure 2 provides a comparison 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
limiting factor on performance. LCCs minimize this effect by
maintaining, as close as possible, uniform trace length so
that the package is a significantly smaller determinant of
system performance.

{
LEAD LONGEST TRACE DIP LONGEST TRACE
COUNT |LONGEST TRACELCC | SHORTEST TRACE
LCC DIP
18 2:1 1.5:1 6:1
24 4:1 1.5:1 3:1
40 5:1 1.5:1 6:1
54 6:1 1.5:1 71

FIGURE 2. ELECTRICAL PERFORMANCE
(RESISTANCE AND SPEED)
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Packaging Techniques (continued)

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 vapor content can be carefully
controlled during production.

Harris Semiconductor Leadless Chip Carriers in both
Ceramic and Epoxy provide reliable, high density, high
performance packaging options for today’s systems.

Those products available in LCC form are shown in
the Standard Products Packaging Availability Guide at
the beginning of each section. Consult the factory or
your Harris sales representative for pricing and
availability.

Chip Information

Harris Standard Flows

Harris Semiconductor offers three standard integrated
circuit dice product flows which cover the application
environments our customers experience. These flows range
from low cost commercial dice to military temperature range
dice with sample electrical performance data. All of these
product grades have one thing in common. They result from
meticulous attention to quality, staring with design
decisions made during product development and. ending
with the labeling of shipping containers for delivery to our
customers.

Most of the dice offered by Harris are available in the three
standard grades. Consult the dice data sheets or contact
your Harris representative to determine which grades are
available for a particular circuit. The standard flows offered
are:

DASH 6 - Commercial Grade Dice

DASH 6 dice are 100% probe tested at +25°C to assure the
maximum/mimimum DC characteristics listed in the DASH
6 dice data sheet. DASH 6 dice are intended for use in non-
military applications. DASH 6 dice are 100% visually
inspected to Harris Semiconductor's commercial grade
criteria. :

DASH 3 - Military Grade Dice

DASH 3 dice are 100% probe tested at +250C to assure the
maximum/minimum DC characteristics listed in the DASH 3
dice data sheet. DASH 3 dice are intended for use in military
applications. DASH 3 dice are 100% visually inspected to
Harris Semiconductor’s MIL-STD-883, Method 2010,
Condition B (Class B) criteria.

To assure that the electrical specifications will be met, a
sample of the DASH 3 dice are pulled. The dice are

assembled into standard packages and tested at +250C,
-550C and +1250C to an LTPD of 15/1. The dice and test
data are supplied to the customer. DASH 3 dice are 100%
visually inspected to Harris Semiconductor's MIL-STD-
883, Method 2010, Condition B (Class B) criteria.

Mechanical Information
Dimensions:

All dimensions given in the die layout section of the dice
data sheets are nominal with a tolerance of + 0.003 inches
(£ 0.08mm) Die thicknesses are 0.018 inches * 0.003
inches (0.46mm =% 0.08mm).

Bonding Pads:

Minimum bonding pad size is 0.004 x 0.004 inches
(0.10mm x 0.10mm).

Dice are placed in conductive waffle carriers, sealed in an
antistatic bag, and packaged in a suitable shipping
container. The dice data sheets for each product will specify
the number of dice which will be packed in each individual
tray.

Ordering Information

Harris products are designated by Product Code.
Harris Semiconductor Analog dice products will always
begin with H. When ordering, please refer to products by
the full code. Other Harris dice products may be specified
by industry standard part numbers. Specific device
numbers will always be isolated by hyphens.

Harris Part Number Example

H A 0 - 2425 - 6
T T . wh
PREFIX: PACKAGE: PART GRADE:
H (Harris) 0 - Dice NUMBER* 6 - Commercial
3 - Military
FAMILY:
A - Analog M - Memory
C - Communications PL - Programmabile Logic
D - Digital S - CICD (Custom)
I - Interface V - High Voltage

* Alpha suffix parts are defined in individual data sheets.
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Operational Amplifiers

and Comparators

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 Specifications” are the only conditions recommended for satisfactory operation.

2-1
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Ordering Information

HARRIS PRODUCT CODE EXAMPLE

H A7 — 5147 — 5
PREFIX: T PART JUMBER
H (H
(HARRIS) TEMPERATURE:
FAMILY: 2 -550C to +1250C
A : Analog 4 -250C to +85°C
C : Communications 5 00C to +75°C
D : Digital 7 : Dash-7 High Reliability Commercial
F : Filters Product 0°C to +750C, includes 96
I : Interface hour Burn-In.
M : Memory
V i Analog High Voltage These products are available fully screened to Mil-Std-883C.
PACKAGE: Contact a Harris Sales Office for a copy of the /883 data sheet.
1 : Dual-In-Line Ceramic
2 Metal Can
3 Dual-In-Line Plastic
7 Mini-DIP, Ceramic
(o] Chip Form

Standard Products Packaging Availability

PLASTIC CERAMIC CERAMIC METAL
PACKAGE DIP DIP MINI-DIP CAN
3- 1- 7- 2-

TEMPERATURE -5 2 |-4}|-5|-7|-2)|-4|-5]|-7]|-2})-4]|-5]-7

DEVICE NUMBER
HA-2400 C1
HA-2404 C1
HA-2405 c1 ]| c
HA-2406 o C1

HA-2500 A
HA-2502 A
HA-2505 M A A w w

£s=

HA-2510 A
HA-2512 A
HA-2515 M A A w w

£s=

HA-2520 A
HA-2522 A
HA-2525
HA-2529
HA-2539 B1 | B1 | B1 | B1

£z

z|lzz g
>
>
>
=3

HA-2540 B1 | B1 | Bt | Bt
HA-2541 B1
HA-2542 B1 B1
HA-2544 M A A A

z
=<
<

HA-2600
HA-2602 A
HA-2605 M A A w w

>
2z <<
B3
=

1 Letter codes in this chart indicate available packages as shown in Packaging Section 11.
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Standard Products Packaging Availability (continued)
\
l

PLASTIC CERAMIC CERAMIC METAL
PACKAGE DIP DIP MINI-DIP CAN
3- 1- 7- 2-
TEMPERATURE -5 2|-als|72|2|-a]ls5|-7]|2]-4]|-5]-7
DEVICE NUMBER
HA-2620 A w
HA-2622 A w
HA-2625 M Al A Al A w|w
HA-2640 A w |
HA-2645 Al A w | w
HA-2650 B1 A W
HA-2655 B1 | B1 A w
HA-2720 A w
HA-2725 A w
HA-4741 N B1 B1 o g
HA-4900 c1 3
HA-4902 c1 sc
HA-4905 c1 | ct 5%
o
HA-5002 A AlaAa|w w | w o
HA-5033 M Y Yy | v
HA-5101 M A Alalw w | w
HA-5102 M A Alalw w | w
HA-5104 N B1 B1 | B1
HA-5111 M A Alalw w|w ‘
HA-5112 M B1 B1 |B1 | A Al AW w | w [
HA-5114 N B1 B1 | B
HA-5127 A Alalw w o w {
HA-5130 A AlAa|w w | w |
HA-5134 B1 B1 | B1
HA-5135 A AlA|w w|w
HA-5137 A Al A lw w | w
HA-5141 M A AlAalw wlw ‘
HA-5142 M A AlAa|w w | w ‘
HA-5144 N B1 B1 | B1
HA-5147 A Afa|w
HA-5151 M A AlAa|w w|w
HA-5152 M A Ala|w w | w
HA-5154 N B1 B1 | B1
HA-5160 w w|w
HA-5162 w|w
HA-5170 AlAafAala|lw]|w|wl|w
HA-5177 Alalalalwlw]|w]|w
HA-5180 Alajala|wlw]|w]|w
HA-5190 B1 Y
HA-5195 B1 | B1 Yy | v
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OPERATIONAL AMPLIFIERS: HIGH SLEW-RATE

Selection Guide

TEMPERATURE RANGE
-550C 0°C -40°C SLEW | BANDWIDTH | FULL POWER BIAS OPEN LOOP | MINIMUM
PART TO TO TO RATE PRODUCT | BANDWIDTH | CURRENT GAIN GAIN

NUMBER | +125°C | +75°C | +85°C | (V/us) (MHz) (MHz) (nA) (V/mV) STABLE | COMMENTS | PAGE
HA-5112 X X 20 60 0.3 130 250 10 Low Noise | 2-133
HA-5114 X X 20 60 0.3 130 250 10 Low Noise 2-133
HA-5137 X X 20 63 03 10 1500 5 Low Noise | 2-163
HA-2400 X 30 40 0.5 50 150 10 Addressable |2-9
HA-2404 X 30 40 0.5 50 150 10 Addressable | 2-9
HA-2405 X 30 40 0.5 50 150 10 Addressable | 2-9
HA-2406 X 30 40 0.5 50 150 10 Addressable |2-13
HA-5147 X X 35 120 0.5 10 1800 10 Low Noise 2-176
HA-2620 X 35 100 0.6 1 150 5 2-77
HA-2622 X 35 100 0.6 5 150 5 2-77
HA-2625 X 35 100 0.6 5 150 5 2-77
HA-5111 X X 50 100 0.7 150 250 10 Low Noise 2-123
HA-2512 X 60 12 1.0 125 15 Unity 2-21
HA-2515 X 60 12 1.0 125 15 Unity 2-21
HA-2510 X 65 12 10 100 16 Unity 2-21
HA-5162 X X 70 100 1.0 0.02 100 10 JFET 2-190
HA-5160 X X 120 100 1.9 0.02 150 10 JFET 2-190
HA-2520 X 120 20 20 100 15 3 2-25
HA-2522 X 120 20 2.0 125 15 3 2-25
HA-2525 X 120 20 20 125 15 3 2-25
HA-2529 X X 150 20 2.6 100 15 3 Power Output | 2-30
HA-2544 X X 150 50 4.2 9000 6 Unity Video Amp 2-63
HA-5190 X 200 150 6.5 5000 30 5 2-211
HA-5195 X 200 150 6.5 5000 30 5 2-211
HA-2541 X X 300 40 4.7 6000 10 Unity 2-48
HA-2542 X X 350 60 55 6000 10 2 Power Output | 2-55
HA-2540 X X X 400 400 6.0 5000 15 10 2-42
HA-2539 X X X 600 600 95 5000 15 10 2-36




Selection Guide (continued)

OPERATIONAL AMPLIFIERS: WIDE BANDWIDTH

OP AMPs &
COMPARATORS

TEMPERATURE RANGE GAIN
-550C | 0°C | -40°C | BANDWIDTH | FULLPOWER | SLEW BIAS OPENLOOP | MINIMUM

PART TO TO TO PRODUCT | BANDWIDTH | RATE | CURRENT GAIN GAIN
NUMBER | +125°C | +750C | +850C (MHz) (MHz2) (V/ps) (nA) (v/mV) STABLE | COMMENTS | PAGE
SINGLE
HA-2510 X 12 1.0 65 100 15 Unity 2-21
HA-2512 X 12 1.0 60 125 15 Unity 2-21
HA-2515 X 12 1.0 60 125 15 Unity 2-21
HA-2600 X 12 0075 7 1 150 Unity 2-72
HA-2602 X 12 0.075 7 15 150 Unity 2-72
HA-2605 X 12 0075 7 5 150 Unity 2-72
HA-2520 X 20 20 120 100 15 3 2-25
HA-2522 X 20 19 120 125 15 3 2-25
HA-2525 X 20 1.9 120 125 15 3 2-25
HA-2529 X X 20 26 150 100 15 3 Power Output | 2-30
HA-2541 X X 40 47 300 6000 10 Unity 2-48
HA-2544 X X 50 42 150 9000 6 15 Video Amp | 2-63
HA-2542 X X 70 55 350 6000 10 2 Power Output | 2-55
HA-5137 X X 63 0.3 17 8 1800 5 Low Noise | 2-163
HA-5147 X X 100 05 35 8 1800 10 Low Noise | 2-176
HA-5111 X X 100 07 50 150 250 10 Low Noise  |2-123
HA-2620 X 100 06 35 1 150 5 2-77
HA-2622 X 100 0.6 35 5 150 5 2-77
HA-2625 X 100 0.6 35 5 150 5 2-77
HA-5160 X X 100 1.9 120 0.02 150 10 JFET 2-190
HA-5162 X X 100 1.1 70 0.02 100 10 JFET 2-190
HA-5190 X 150 6.5 200 5000 30 5 2-211
HA-5195 X 150 65 200 5000 30 5 2-211
HA-2540 X X X 400 6.0 400 5000 30 10 2-42
HA-2539 X X X 600 95 600 5000 30 10 2-36
DUAL
HA-5112 ' X X 60 0.3 20 130 250 10 I Low Noise | 2-133
QUAD
HA-2400 X 40 05 30 50 150 10 Addressable | 2-9
HA-2404 X 40 05 30 50 150 10 Addressable | 2-9
HA-2405 X 40 05 30 50 150 10 Addressable | 2-9
HA-2406 X 40 05 30 50 150 10 Addressable | 2-13
HA-5114 X X 60 0.3 20 130 250 10 Low Noise | 2-133




OPERATIONAL AMPLIFIERS: PRECISION

Selection Guide (continued)

TEMPERATURE RANGE OFFSET OPEN
-559C | 09C |-40°C | OFFSET |VOLTAGE | BIAS |LOOP | NOISE | NOISE SUPPLY
PART TO TO | TO |VOLTAGE | DRIFT |CURRENT | GAIN |CURRENT |VOLTAGE |CMRR |PSRR |CURRENT
NUMBER |+1250C |+750C |+850C | (uV) (uV/9C) (nA)  |(v/mV) | (pA/\/R2Z) |(nV/\/HzZ) | (dB) | (dB) (mA)  |COMMENTS | PAGE
SINGLE
HA-5180 X X X 100 5 000003 | 1000 | 001 70 110 | 105 08 JFET  |2-205
HA-5170 X X X 100 2 0.02 600 0.01 10 100 | 105 1.9 JFET  |2-197
HA-5130 X X 10 04 1 1400 | o014 15 120 | 130 1. 2-149
HA-5177 X X 10 02 1.2 1380 | o012 9 140 | 120 1.7 2-202
HA-5127 X X 10 02 10 1500 | 060 3 120 | 120 3 2-142
HA-5137 X X 10 0.2 10 1500 | 060 3 120 | 120 3 High Speed |2-163
HA-5147 X X 10 0.2 10 1800 | 060 3 120 | 120 3 High Speed |2-176
Quab
Ha-s13a [ x| x| [ s0 25 2 [1000 | o060 7 120 [ 120 | s Quad  |2-156
OPERATIONAL AMPLIFIERS: LOW POWER
TEMPERATURE RANGE SLEW RATE GAIN BANDWIDTH OUTPUT
-550C | 00C |-40°C | SUPPLY | SUPPLY (V/us) AT PRODUCT (kHz) SWING (V) | OFFSET
PART TO TO | TO |CURRENT | RANGE INDICATED ATINDICATED  |+15VPOWER |VOLTAGE
NUMBER |+1250C |+750C |+850C |  (uA) V) SUPPLY CURRENT | SUPPLY CURRENT | SUPPLIES (mV) |COMMENTS | PAGE
SINGLE
HA-5141 X X 50 +2/+40 1 400 0/+3 (+5Vg) 07 2-170
HA-5151 X X 200 +2/+40 4 1300 £10 2 Lower Noise |2-183
DUAL
HA-5142 X X 50 +2/+40 400 0/+3 (+5Vg) 07 2-170
HA-5152 X X 200 +2/+40 4 1300 +10 2 Lower Noise |2-183
QUAD
HA-5144 X X 50 +2/+40 1 400 0/+3 (+5Vg) 07 2-170
HA-5154 X X 200 +2/+40 4 1300 £10 2 Lower Noise |2-183
OPERATIONAL AMPLIFIERS: GENERAL PURPOSE
TEMPERATURE RANGE GAIN OPEN | COMMON MODE
-550C | 00C |-40°C |BANDWIDTH| SLEW | OFFSET | BIAS NOISE |LOOP | RANGE (V) SUPPLY
PART TO TO | TO | PRODUCT | RATE |VOLTAGE | CURRENT |VOLTAGE | GAIN | +15VPOWER |CURRENT
NUMBER |+1250C |+750C [+850C | (MHz) | (V/ps) | (mV) (nA) | (nv/\/AZ) | (V/mV)|  SUPPLIES (mA) |COMMENTS | PAGE
SINGLE
HA-2600 X 12 05 1 16 150 £11 3 2-72
HA-2602 X 12 7 3 15 16 150 11 3 2-72
HA-2605 X 12 7 3 5 16 150 11 3 2-72
HA-5101 X X 8 10 05 130 43 250 £12 5 Low Noise |2-123
HA-5111 X X 100 50 05 130 43 250 £12 5 Low Noise | 2-123
DUAL E
HA-5102 X X 8 3 05 130 43 250 £12 5 LowNoise |2-133
HA-5112 X X 60 20 05 130 43 250 £12 5 Low Noise |2-133
QUAD
HA-2400 X 40 30 4 50 20 150 £9 48 | Addressable |2-9
HA-2404 X 0 30 4 50 20 150 £9 48 | Addressable |2-9
HA-2405 X 40 30 4 50 20 150 £9 48 | Addressable |2-9
HA-2406 X 0 30 4 50 20 150 +9 48 | Addressable |2-13
HA-5104 X X 8 3 05 130 43 250 £12 65 LowNoise |2-133
HA-5114 X X 60 20 05 130 43 250 £12 65 LowNoise |2-133
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Selection Guide (continueq)

OPERATIONAL AMPLIFIERS: HIGH VOLTAGE

PART NUMBER FEATURES APPLICATIONS PAGE
HA-2640 e Slew Rate: 1V/us ® Industrial Control Systems 2-82
HA-2645 * Bandwidth: 4MHz ® Power Supplies

* Input Offset Voltage: 4mV * High Voltage Regulators
e Offset Current: 5nA ® Resolver Excitation
® Qutput Voltage Swing: +35V ® Signal Conditioning
* Input Voltage Range: +35V
® Supply Range: +10V to 40V
e Qutput Overload Protection
OPERATIONAL AMPLIFIERS: ADDRESSABLE

PART NUMBER FEATURES APPLICATIONS PAGE
HA-2400 e Four Channels Addressable e Signal Selection/Multiplexing 2-9
HA-2404 e High Slew Rate 30V/us ® Variable gain stages
HA-2405 ® Wide Gain Bandwidth Product:  40MHz ® Oscillators
HA-2406 e High Gain: 150kV/V ® Filters 2-13

e TTL Compatible ® Comparators
® |Integrators
CURRENT BUFFERS/DRIVERS

PART NUMBER FEATURES APPLICATIONS PAGE

HA-5033 e Differential Phase Error: 0.10 * Video Buffers 2-114
o Differential Gain Error: 0.1% ® HF Buffers
e High Slew Rate: 1300V/ps ¢ Op Amp Isolation Buffers
® Wide Power Bandwidth: 80MHz ® High Speed Line Drivers
® Fast Rise Time: 3ns ® Impedance Matching
® Wide Power Supply Range: +5/+16V

HA-5002 ® High Slew Rate 1300V/us ® Precision Buffers 2-107
e High Output Current 200mA ¢ Op Amp Isolation Buffers
® Low Quiescent Current 9mA ® High Speed Line Drivers

HA-2542 ® Ay> -1, +2 Stable with No Compensation ® Video Cable Drivers 2-55
e High Output Current: 100mA ® Pulse Amplifiers
® Wide Power Bandwidth: 5.5MHz ® Wideband Signal Conditioners
® High Slew Rate: 350V/us

COMPARATORS

PART NUMBER FEATURES APPLICATIONS PAGE
HA-4900 ® Fast Response Time: 130ns ® Threshold Detectors 2-100
HA-4902 ® Low Offset Voltage: 2mV ® 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

Interface
Oscillators

OP AMPs &
COMPARATORS




Operational Amplifiers Glossary

AVERAGE INPUT OFFSET CURRENT DRIFT - The
average change in offset current between room (+250C)
and high temperature (+1250C, +850C or +750C)
or between room temperature and low temperature
(09C, -250C or -550C) divided by the temperature
difference.

AVERAGE OFFSET VOLTAGE DRIFT - The average
change in offset voltage between room (+250C) and high
temperature (+1259C, +8590C or +750C) or between room
temperature and low temperature (0°C, -250C or -550C)
divided by the temperature difference.

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

COMMON MODE INPUT VOLTAGE (V|c) - The average
of the voltages present at the differential input terminals.

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

COMMON MODE REJECTION RATIO (CMRR) - The ratio
of change in input offset voltage to change in input
common-mode voltage, expressed in dB.

\'i[e]
CMRR = 20 x lo —_—
910 (vcm >
COMMON MODE RESITANCE (rj¢) - The ratio of change
in input common-mode voltage to the resulting change in
input current.

DIFFERENTIAL INPUT RESISTANCE (rid) - The ratio of
change in input differential voltage (small-signal, assumes
amplifier operating linearly) to the resulting change in differ-
ential input current.

FULL POWER BANDWIDTH (FPBW) - The maximum
frequency at which a full scale undistorted (THD < 1%) sine
wave can be obtained at the output of the amplifier.

GAIN BANDWIDTH (GBW) - The open-loop gain of an op
amp (in V/V) at a mid-band, linear-region frequency
(usually between 1KHz and 10KHz) times that frequency
(in Hz). GBW = [AyQoL] * f

INPUT BIAS CURRENT (Igjas) - The average of the
currents flowing into or out of the input terminals when the
output is at zero volts.

INPUT CAPACITANCE (C|N) - The equivalent capaci-
tance seen looking into either input terminal.

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 (lpg) - The difference in the
currents flowing into the two input terminals when the
output is at zero volts.

INPUT OFFSET VOLTAGE (VQos) - 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 inserted in series
with the input leads.

INPUT NOISE VOLTAGE (ep) - 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.

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 ('OUT) - The output current available
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 (Isc) - The output
current available from the amplifier with the output shorted
to ground (or other specified potential).

OUTPUT VOLTAGE SWING (Voyt) - The maximum
output voltage swing, referred to ground, that can be
obtained 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 (t;) - 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-signal voltage pulse.

SETTLING TIME (tget.) - The time required, after applica-
tion 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 (Ig) - 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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HA-2400/04/05

PRAM Four Channel
Programmable Amplifier

Features

® Programmability

Applications

® Thousands of Applications; Program:

eHighRateSlew .............coiiiiiiinnnnn.. 30V/us » Signal Selection/Multiplexing
* Wide Gain Bandwidth ...................... 40MHz > Operational Amplifier Gain
CHIGhGAIN ...ooevnnnreeeiiieeeeeeennns .150kV/V Oscillator Frequency

o Low Offset Current .........cocvuvvnevnnrennnnns 5nA Filter Characteristics

o High Input Impedance ................c.vvuues 30MQ Add-Subtract Functions

* Single Capacitor Compensation
* DTL/TTL Compatible Inputs

Description

HA-2400/04/05 comprise a _ series of four-channel
programmable amplifiers providing a level of versatility
unsurpassed by any other monolithic operational amplifier.
Versatility is achieved by employing four input amplifier
channels, any one (or none) of which may be electronically
selected and connected to a single output stage through
DTL/TTL compatible address inputs. The device formed by
the output and the selected pair of inputs is an op amp
which delivers excellent slew rate, gain bandwidth and
power bandwidth performance. Other advantageous
features for these dielectrically isolated amplifiers include
high voltage gain and input impedance coupled with low
input offset voltage and offset current. External
compensation is not required on this device at closed loop
gains greater than 10.

Integrator Characteristics
Comparator Levels
or Further Design Ideas, See App. Note 514.

mYVY VY

Each channel of the HA-2400/04/05 can be controlled and
operated with suitable feedback networks in any of the
standard op amp configurations. This specialization makes
these amplifiers excellent components for muitiplexing
signal selection, and mathematical function designs. With
30V/us slew rate, 40MHz gain bandwidth, and 30M ohms
input impedance these devices are ideal building blocks for
signal generators, active filters, and data acquisition
designs. Programmability coupled with 2mV typical offset
voltage and 5nA offset current makes these amplifiers
outstanding components for signal conditioning circuits.

HA-2400/04/05 are available in a 16 pin Dual-In-Line
package. HA-2400 is specified from -550C to +1250C.
HA-2404 is specified over the -250C to +850C range, while
HA-2405 operates from 0OC to +750C.

Pinout Schematic
HA1-2400 (CERAMIC DIP) HA-2400
TOP VIEW 1N 1IN-9 o COMP . e
D R13 R18 082 %
wa- [Z} CONTROL D_1E 'jm' Yoo —Posslaazd i o
b
4+ [3] b ENABLE 73] 107 035 33 X7 e 3%
. a2 032 086 §-0 0UTPUT
ma- 4] e 34 0103 aw | ns [P B, [ a5
N1- E:§ GND E‘ enbLE 100k 225 qg3l a36, 075K P C'ZK - X
! 096
w1 6] comp 0z K l{”l’ 9’““’1
w2 [7] E_l foa W
vi 73 GND a3 K~ lass
2+ 5] w4 * k{u—as — e
'°|_‘° 171 'j
OI.AT';;JTV v 5 ouTPUT o P
14 ™ e
ﬁ7 T0 ADD"IONEASI.
TRUTH TABLE 8l VA Yoo INPUT STAGI ;\5?(
Ag B! -
SELECTED f—“' RSN e e e s | ny
Dy | Do | EN | CHANNEL oo v
L L H 1
L H H 2 Diagram Includes: One Input Stage, Decode Control,
Bias Network, and Output Stage.
H L H 3
H H H 4
X X L NONE

HA-2400/04/05

2
30
o =
ag
=00
g
8s
©5

o

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-2400/04/05

Absolute Maximum Ratings

Voltage between V+and V-Terminals.................... 45.0V
Differential Input Voltage. . ......................... +VSUPPLY
Digital InputVoltage ......................... -0.76Vto +10.0V
OutputCurrent ..., Short Circuit Protected

(Isc < £33mA)
Internal Power Dissipation (Note13).................... 300mwW

Operating Temperature Ranges

HA=2400 .. ..ot i -550C < Tp < +1250C
HA-2404 ...t -250C < Tp < +85°C
HA-2405 .......... ...l 09C < TA X +75°C
Storage Temperature Range ............. -650C < TA < +1500C

Electrical Specifications Test Conditions: VgyppLy = £15.0V Unless Otherwise Specified.
Digital Inputs: V| = +0.5V, V|4 = +2.4. Limits apply to each of the four channels, when addressed.

HA-2400/04 HA-2405
LIMITS LIMITS
PARAMETER TEMP | MIN | TYP | max | MIN | TvP | max | units
INPUT CHARACTERISTICS
Offset Voltage +250C - 4 9 - 4 9 mV
Full - - 1 - - 11 mvV
Bias Current (Note 12) +250C - 50 200 - 50 250 nA
Full - - 400 - 500 nA
Offset Current (Note 12) +250C - 5 50 - 50 nA
Full - - 100 - - 100 nA
Input Resistance (Note 12) +250C - 30 - - 30 - MQ
Common Mode Range Full +9.0 - - +9.0 - - \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 1, 5) +250C 50k 150k - 50k 150k - VNV
Full 25K - - 25K - - A%
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 - +100 { +12.0 - \
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) +250C 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) +250C 20 30 - 20 30 - V/us
(Notes 4,7,14) +250C 6 8 - 6 8 - V/us
Settling Time (Notes 4,7,8,14) +250C - 1.5 25 - 1.5 25 us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (VN = 0V) Full - 1 1.5 - 1 15 mA
Digital Input Current (V)N = +5.0V) Full - 5 - - 5 - nA
Output Delay (Notes 9,14) +250C - 100 250 - 100 250 ns
Crosstalk (Note 10) +250C -80 -110 - -74 -110 - dB
POWER SUPPLY CHARACTERISTICS
Supply Current +250C - 4.8 6.0 - 4.8 6.0 mA
Power Supply Rejection Ratio (Note 11) Full 74 0 - 74 90 - dB
NOTES:
1. Rp =2k 10. Unselected input to output; Vjy = =10V D.C.
2. VoM = £5VDC 11. VgyppLy = *10V D.C. to £20V D.C.
3. Ay = +10, Ccomp = 0, R = 2k, C_ = 50pF. 12. Unselected channels have approximately the same input parameters.
4. Ay = +1,Ccomp = 15pF, R = 2kQ, C| = 50pF. 13. Derate by 4.3mW/9C above 105°C.
5. Vourt = 20V peak to peak. 14. Guaranteed by design.
6. Vourt = 200mV peak. 15. Full Power Bandwidth based on slew rate measurement using:
7. Vout = 10.0V peak to peak. FPBW = — SR
8. To 0.1% of final value. 2n Vpeak
9. To 10% of final value; output then slews at normal rate to final value.
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HA-2400,/04/05 .

n
Typical Performance Curves V+=+15VD.C. V-=-15V D.C., TA = +250C, Unless Otherwise Specified. Qe
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HA-2400/04/05

Typical Performance Curves (Continued)

OUTPUT VOLTAGE SWING vs. FREQUENCY EQUIVALENT INPUT NOISE vs. BANDWIDTH
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Typical Applications
HA-2400 ‘ HA-2400
AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD
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INPUT

CONTROL | D1
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> . c 122200 x 1079A @ +25°C
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< c
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j_ For More Examples, See Harris Application Note 514
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HA-2406

Digitally Selectable Four Channel
Operational Amplifier

HA-2406

Features
¢ TTL Compatible Inputs

® Single Capacitor Compensation » Analog Signal Multiplexing
® Low Crosstalk -110dB > Op Amp Gains
o High Slew Rate 20V/us » Oscillator Frequencies
« Low Offset Current SnA » Filter Characteristics
urr n » Comparator Levels
e Offgset Voltage mv
e High Gain-Bandwidth 30MHz ©® For Further Design Ideas See App. Note 514
e High Input Impedance 30MQ ‘

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:

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 +759C).

Pinout Schematic

HA3-2406-5
HA1-2406-5
TOP VIEW

HA-2406

11N+ 1IN-9 o COMP wee

\%

R1 R12
Do 16K 16K

R13 R
08Kk ok
Q29" "a30)
Q31

IN 3+ Ej§ oecooe/ —16)
CONTROL | D
wa- 2] 0|

OP AMPs &
COMPARATORS

Qs VE__0Q28
R32
IN 4+ [3_— D | ENABLE E 0102 035 AKDUTPUT
2o
w4 [4] 8 At 034 a103 a 31
. . Q2 5 36.5K
IN1- E GND E ENABLE :h . -
2 %6
w1+ [€] comp $ 2,;“: | :
- h 3
inz- [7] iz} e 56K Vi
Vi E,_".Cv GND! wain “,2.'3 -
2+ [8] — I \E ' I -
ouTPUT :| ouTPUT )
AMP v- E] nmz ve
Q14
TO ADDITIONAL
sRa17 INPUT STAGES
VA poa2 sﬁ‘(
TRUTH TABLE 015 378 S Rg [R103 SR11 RISS SR16 R1 A1 ’
aks 315€/10KS 210K 10K 210K 216K 1.6K Vee
SELECTED > o jm
D1|DOJEN | CHANNEL i
L{L|H 1 .
LIH[H 2 Diagram Includes: One Input Stage, Decode Control,
HiLIH 3 Bias Network, and Output Stage.
HIH|H 4
X|[X}L NONE

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling brocedures should be followed.
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Specifications HA-2406

Absolute Maximum Ratings

Voltage Between V+ and V- Terminals....
Differential Input Voltage ..tVsupply ~ Operating Temperature Range.........00C = Tp =< +750C
Digital Input Voltage.........cceceeveiieennnn, -0.76V to +10.0V  Storage Temperature Range ........ -650C = Tp < +1500C
Output Current..........ccocveeeiinennen, Short Circuit Protected

(Isc < +33mA)

Internal Power Dissipation

Electrical Specifications  Test Conditions: Vgypply = 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 l TYP I 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 V/V
Common Mode Rejection Ratio (Note 2) Full 74 80 daB
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 Vius
Slew Rate (Notes 4, 7) +250C 4 6 V/us
Settling Time (Notes 4, 7, 8, 15) L +250C 2.0 3.5 us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current (ViN = 0V) Full 1 1.5 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. R =2kQ 10. Unselected input to output; Vjy = £10V D.C.
2. Vgm = £5VDC 11. VgyppLy = £10V D.C. to 20V D.C.
3. Ay = +10, Ccomp = 0, R = 2k2, C|_= 50pF. 12. Unsel d ch Is have approxi ly the same input parameters.
4. Ay =+1, Ccomp = 15pF, R = 2kQ2, C = 50pF. 13. Vour = £10V.
5. VOUT = 20V peak to peak. 14. Full Power Bandwidth based on slew rate measurement using:
6. Voyrt = 200mV peak. FPBW =
7. Vouyt = 10.0V peak to peak. 2n Vpeak
8. To 0.1% of final value. s d
9. To 10% of final value; output then slews at normal rate to final value. 15. Sample Tested.
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HA-2406

Typical Performance Curves V+=+15VD.C,V-=-15VD.C, Ta = +25°C, Unless Otherwise Specified.

INPUT BIAS CURRENT AND OFFSET CURRENT NORMALIZED A. C. PARAMETERS
AS A FUNCTION OF TEMPERATURE VS. TEMPERATURE
60
AN RARARAN, |
+~_BIAS CURRENT 54
~ oy $ §044’o
a0 = o NP’%,
b g AN
g o w\\
g 1 - N T
3 El ”;9\
° s "
g \
8 e % \
|~~~ oFFSET CURRENT E 0 N
T~~~ S
T~ - -4
° #— 0 25 50 15
0 25 50 75 Temperature (°C)

Temperature (°C) OPEN LOOP FREQUENCY AND PHASE

_ RESPONSE
POWER SUPPLY CURRENT DRAIN As A g 120 77 T T T T I 17T 0
FUNCTION OF TEMPERATURE S e X . seenay- g
= ! g
8 LIS [ T &
,@ 60 < ] I PHASETI 90 @
s N SEHSS Y 12 2
—_ = 4 <L <
<é’~ | 2 H” hi:Va :W 150 f,
T s 8 ccom-oor (111 | I TR HIEL TN, B
£ 425 N — 0 - = Ccomp = 150F ‘ GAIN Y £
2 |4 S 20 Lo 1o 11 I Sl 210
5 1 \ 3 10 100 1K 10K 100K ™ 10M 100M
S \\\:Vsumv = £20.0V Frequency (Hz)
§ \\VSUPPLY = 15,0V
@ 40 VSUPPLY = £10.0V = FREQUENCY RESPONSE VS. Ccomp
= oMY=
~ 120 M T
5w = ” hl e :L;;U”-w
S M~ Ny 4| 30pF
gs 8 ~ NN TINNAT N
0 g w auiNE iy
0 25 50 75 S w B i A NN, q
Temperature (°C) o 1000pF NN
g n 100pF Sy <1 N
- 0 300pF 1 ) NN
NORMALIZED A. C. PARAMETERS VS. g I L1l
10 100 1K 10K 100K ™ 10M 180M
SUPPLY VOLTAGE i . Ha)
requency
1.2
P OPEN LOOP VOLTAGE GAIN VS.
w TEMPERATURE
+ T
s M VSUPPLY =+ 20.0V.
g VSUPPLY = +15.0V
S VSUPPLY = +10.0V.
& 1w = 105 AN
- —1 74 — AT L
-z //\ BANDWIDTH () /////,
z SLEW RATE E ///// L4+
E 0.9 1’3 /// L1
3 ~d
£
5 rd
= s
. 210 15 +20 100
0 25 50 75

Supply Voltage Temperature (°C)
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HA-2406

Typical Performance Curves (Continued)

OUTPUT VOLTAGE SWING VS. FREQUENCY EQUIVALENT INPUT NOISE VS. BANDWIDTH
IS Ssst e
~ A
S Ccomp = 0pF
C =15 pF
n_o 2 ‘mj ComP P :
hot > — LT
R LN 3 0= e
& = = F— 10K SOURCE RESISTANCE
2 ™ 2 —— 0SOURCE RESISTANCI '\\ i
= =]
S N : z e |
- o ®.
o
2 { 2 T LA oS
£, S 2, Ll il
3 #
— AON
3 P
‘3 73
S ot S
H
0 0 A7
10K 100K " ToM 100Hz 1kHz 10kHz 100kHz IMHz
Frequency (Hz) Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
Broadband Noise Characteristics
INPUT NOISE VS. FREQUENCY SLEW RATE AND TRANSIENT RESPONSE
1000 0 —0/01_
: B < | s i o e
z | o ]
= +15.0V
& 100 1 g I
g INPUT NOISE VOLTAGE 3
] . > 4582
Q 3]
o )
£ 10 L 0190
C  EES5f INPUT NOISE CURRENT I 5Q
: ﬁ ﬁ :
a g -
z Z
o 0.01
1 10 100 1K 10K 100K
FREQUENCY (Hz)
Typical Applications
HA-2406 HA-2406
AMPLIFIER, NON-INVERTING SAMPLE AND HOLD
PROGRAMMABLE GAIN v
D
Y ‘r{jﬁ DECODE/ V—DO—‘G .
D CONTROL
il —E B DECODE/ Do E_ ._E l - 5] s
P CONTI =
{z] onTROL ™ (15— YoiamaL '_E ENABLE [ -—\_H
’_—E b ENABLE controL _E DIGITAL
{2} e} — __E:§ GND |13 GROUND
DIGITAL INPUT — =
:E GND |13 GROUND 16} comp =
L 12
6 CoMP - —E v+ ?__L N
L B i {5 oo
_Eb-‘ v v ouTPUT o outeur
:Iw o AMP V- E—o
OUTPUT v ouTPUT -15v
AMP - 9'—0_15\’
S Sample charging rate = 1V/sec. 11~ 150 x 106 A
1 . Iy c Ig ~ 200 x 10-9 A at +250C
3k Hold drift rate = EV/sec. ~ 600 x 10-9 A at-550C
> ~ -9 0
S50 Switch pedestal error = Q vorts 100 x 10°% A at +1250C
c Q=~2x 10712 Coul.
3500
al

For more examples, see Harris Application Note 514.




HA-2500/02/05

Precision High Slew Rate
Operational Amplifiers

o HARRIS

Features

® High Slew Rate........ccoociriicceiinienieecee e 30V/us
® Fast Settling .....ccocceeeiiieiicree et 330ns
* Wide Power Bandwidth 500KHz
¢ High Gain Bandwidth .........cccocoeieeiiiiinencncnene 12MHz
e High Input Impedance...........c..ocovevinriiinniceneinenn. 50MQ)
o Low Offset Current .........cceeiiiiiiiiniiceccec e, 10nA

¢ Internally Compensated For Unity Gain Stability
Description

HA-2500/2502/2505 comprises a series of monolithic
operational 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 rates of +25V/us and
330ns (0.1%) settling time make these devices excellent
components in fast, accurate data acquisition and pulse
amplification designs. 12MHz small signal bandwidth and
500kHz power bandwidth make these devices well suited

Applications

e Data Acquisition Systems
® R.F. Amplifiers

® Video Amplifiers

e Signal Generators

® Pulse Amplification

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.

The HA-2500 and HA-2502 have guaranteed operation
from -550C to +1250C and are available in hermetic metal
can and ceramic miniDIP packages. Both are offered as a
/883 military grade part with the HA-2502 also available in
LCC package. The HA-2505 has guaranteed operation
from 0OC to +750C and is available in plastic and ceramic
miniDIP and metal can packages. Mil-Std-883 product

to R.F. and video applications. With 2mV typical offset vol-
tage plus offset trim capability and 10nA offset current,
HA-2500/2502/2505 are particularly useful components
in signal conditioning designs.

and data sheets are available upon request.

Pinouts Schematic
HA7-2500/02/02 (CERAMIC MINI-DIP)
HA3-2505 (PLASTIC MINI-DIP)
TOP VIEW Yo s %as o e
b 12K 200 200 12K

9

\J OFFSET { 7 /10 an Vi
E COMP Yo 1.8K 1.8K 2
=1 R1
1 ax 8 12

7| V+ h A4 E;E
6| OUT R3
1k

N+ [3]
U
V- E E BAL cogw
R4
o 1.6k
HA2-2500/02/05 (TO-99 METAL CAN) INPUT + -
TOP VIEW
pooy E Q31
Q2| |
a33 h 4
INPUT -
e
O-
OFFSET

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed
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Specifications HA-2500/2502 /2505

Absolute Maximum Ratings (Note 6)

Voltage Between V+ and V- Terminals................... 40.0V  Operating Temperature Range

Differential Input Voltage.........cccocoovoiiiviecn, +15.0V HA-2510/2512 ..o -550C = Tpa < +1250C
Peak Output CUIreNnt .........ccovecvieiiiieieieeeeeeee e 50mA HA-2515.....ooieeieecice e 00C = Tp =+750C
Internal Power Dissipation........c.c.ccccccocvoeieiiinn.., 300mW  Storage Temperature Range ........ -650C = Ta < +1500C
Lead Solder Temperature (10 Seconds) ............... +2750C  Maximum Junction Temperature............c.............. +1750C

Electrical Specifications v+ =+15vD.C, v- =-15v D.C.

HA-2500 HA-2502 HA-2505
-550C to +1250C -5650C 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
Full 8 10 10 mV
Offset Voltage Average Drift Full 20 20 20 uv/oc
Bias Current +250C 100 | 200 125 | 250 125 | 250 nA
Full. 400 500 500 nA
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 +10.0 100 £10.0 Y
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C 20K | 30K 15K | 25K 15K | 25K A%
(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 100 £120 £10.0]| £120 +10.0| £120 v
Output Current (Note 4) +250C 10} £20 10} £20 10 ] 20 mA
Full Power Bandwidth (Notes 4,11) +250C 350 500 300 500 300 500 KHz
TRANSIENT RESPONSE
Rise Time (Notes 1,5, 7 & 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 | %25 130 +20 | 30 +20| 30 V/us
Settling Time to 0.1% +250C 0.33 0.33 0.33 s
(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 14 90 74 90 dB
(Note 9)
NOTES: 1. R =2KQ 6. Absolute Maximum Ratings are limiting 9. AV =150V 12. Voyr = £5V.
2. Vgm = 10V values, applied individually, beyond 10. This parameter value is based on
3. Ay >10 which the serviceability of the circuit design calculations
- AV may be impaired. .
4. Vo = £10.0V - 200mV 11. Full Power Bandwidth guaranteed based
5. CL = 50pF 7. Vo = £200m on slew rate measurement using:

8. See Transient Response Test
Circuits and Waveforms.

FPBW = S.R./27Vpeak.
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HA-2500/2502/2505

100

Current - nA

Normalized Parameters
Referred to Values at
+250C

+15V

Referred to Values at

Normalized Parameters

Gajn - dB

INPUT BIAS AND OFFSET CURRENT

vs TEMPERATURE
R
\\ BIAS CURRENT
pa———
T~ OFFSET CURRENT
=
-50 -25 +25 +50 +75 +100 +128

Temperature °C

NORMALIZED AC PARAMETERS

100

Noise LV

Input
Equivalent Input

0.1

Performance Curves v+ =+15VDC, V- = -15VDC, Tp = +250C, Unless Otherwise Stated
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OPEN LOOP VOLTAGE GAIN
vs TEMPERATURE
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OPEN LOOP FREQUENCY RESPONSE FOR
VARIOUS VALUES OF CAPACITORS FROM
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NOTE: External compensation components are not required for
stability, but may be added to reduce bandwidth if desired.
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HA-2500/2502/2505

Typical Performance Curves (Continued)
POWER SUPPLY CURRENT
vs TEMPERATURE

5
l

VsuppLYy = 220 OV
VsuppLy * +150V
VsuppLy - 100V

Current - mA

R
/

=

500 25 W25 50 475 +100  +125

Temperature 9C

VOLTAGE FOLLOWER PULSE RESPONSE

ITEEE . W

T e rrrrrrt
¥
L
4

N
iy

L
TTTT

R =2K(), C|_=50pF
Upper Trace: Input
Lower Trace: Output

Vertical = 5V/Div.
Horizontal = 200ns/Div.
Ta =+259C, Vg = £16.0V

Test Circuits

SLEW RATE AND
SETTLING TIME

TRANSIENT RESPONSE

£ +200my
INPUT | INPUT ‘
-5V ) omv IN

OVERSHOOT

90% 1200MV 0 o g — — — — — — — —
ouTPuT | ERROR BAND - -
______ 1 | vomvrRom 9% —
v == 17stew 1 FINAL VALUE ouTPUT
! :"-'i RATE | |
LI AT 1 =AvAT |
X, omv |

SETTLING TIME ] b Rise TIME
I

NOTE: Measurement on both positive and negative
transitions from OV to +200mV and OV to

-200mV at the output.

SLEW RATE AND
TRANSIENT RESPONSE

SUGGESTED
VOS ADJUSTMENT

Tested Offset Adjustment Range is | Vos +1 mv|
minimum referred to output. Typical ranges is
+8mV with RT = 20k.

Settling Time Circuit

W

INPUT 2K

AAA—
W
TQUTPUT
:> 100pF
> 5K«
‘P
2Ke: -

0 VAVAVA
G
2N8416 VAA
5K:
s

SETTLING TIME
< TEST POINT

e Ay =-1

e Feedback and Summing Resistors Should
be 0.1% Matched

* Clipping Diodes CR1 and CR2 are Optional.

HP5082-2810 Recommended

Die Characteristics

TransistorCount ........... ...ttt 40
Die Dimensions ..........c.coevuienann. 57 x 65 x 19 mils
Substrate Potential ........................... Unbiased
ProCesS .. oii i Bipolar-Dl
Thermal Constants (9C/W) ja Oic
HA2- Metal Can (-2, -5, -7) 202 56
HA2- Metal Can (-8, /883) 168 52
HA3- Plastic Mini-DIP (-5) 84 34
HA4- Ceramic LCC (/883) 97 35
HA7- Ceramic Mini-DIP (-8, /883) 138 63

HA7- Ceramic Mini-DIP (-2, -5, -7) 204 112
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T HARRIS HA-2510/12/15 :
\
N
. ™~
High Slew Rate 3§ J
Operational Amplifiers G5
N
Features Applications <Iz
® High Slew Rate .......ccocrviriiiniiicicciinen e 60V/us ® Data Acquisition Systems T
e Fast Settling ......ccceeiriiiiniinienc e 250ns ¢ R.F. Amplifiers

* Wide Power Bandwidth
e High Gain Bandwidth
e High Input Impedance.............e....e.. 100M() e Pulse Amplification
e Low Offset Current .10nA

¢ Internally Compensated For Unity Gain Stability

1,000KHz ¢ Video Amplifiers
12MHz ¢ Signal Generators

Description

HA-2510/2512/2515 are a series of high performance tions. For accurate signal conditioning these amplifiers
operational amplifiers which set the standards for maxi-  also provide 10nA offset current, coupled with 100M( in-
mum slew rate, highest accuracy and widest bandwidths  put impedance, and offset trim capability.

for internally compensated monolithic devices. In addi-
tion to excellent dynamic characteristics, these dielectri-
cally isolated amplifiers also offer low offset current and
high input impedance.

OP AMPs &
COMPARATORS

The HA-2510 and HA-2512 have guaranteed operation
from -550C to +1250C and are available in metal can and
ceramic miniDIP packages. Both are offered as a /883 |
The +60V/us slew rate and 250ns (0.1%) settling time of  military grade part with the HA-2512 also available in LCC
these amplifiers is ideally suited for high speed D/A, A/D,  package. The HA-2515 has guaranteed operation from
and pulse amplification designs. HA-2510/2512/2515's  09C to +750C and is available in plastic and ceramic
superior 12MHz gain bandwidth and 1000kHz power- miniDIP and metal can packages. Mil-Std-883 product
bandwidth is extremely useful in R.F. and video applica- and data sheets are available upon request.

Pinouts Schematic

HA7-2510/12/15 (CERAMIC MINI-DIP) I
HA3-2515 (PLASTIC MINI-DIP)

RS R6 R RB

TOP VIEW h Al 1ok 200 200 12K
o -0
o OFFSET R7 SR10 R11 .

1! Q2 1.8K 1.8K 2K
BaL [1] El comp o —Lq D, F—

R2

N 2] [7] v+ FooRn

R3

N+ [3 6] our o I
4

CO(A;\AP 4
V- 5] BAL "
11.6k
o
INPUT +
Q35
HA2-2510/12/15 (TO-99 METAL CAN)
TOP VIEW
3
Q34 !!an r/l
Q2| | Wros
Q33 h 4
INPUT - Q36
O~
O
OFFSET

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed.
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Specifications HA-2510/2512/2515

Absolute Maximum Ratings (Note 6)

Voltage Between V+ and V- Terminals Operating Temperature Range

Differential Input Voitage HA-2510/2512 ..o, -550C = Tp = +1250C
Peak Output Current HA-2515.. oo 00C < T < +750C
Internal Power Dissipation 300mW  Storage Temperature Range ........ -650C = TA = +1500C
Lead Solder Temperature (10 Seconds) ............... +2750C  Maximum Junction Temperature.........c..ccco.cvoeeee. +1750C
Electrical Specifications v+ =+15vD.C,V-=-15vD.C.
HA-2510 HA-2512 HA-2515
-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 4 8 5 10 5 10 mV
Full " 14 14 mvV
Offset Voltage Average Drift Full 20 25 30 uv/oc
Bias Current +250C 100 200 125 | 250 125 250 nA
Full 400 500 500 nA
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 M
Common Mode Range Full £100 +10.0 2100 \'
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C 10K | 15K 75K | 15K 75K | 15K VIV
(Note 1,4) Full 75K 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 X100(%120 X100(X£120 +100{ 2120 \"
Output Currert (Note 4) +250C 10 | 20 +10| t20 10| 20 mA
Full Power Bandwidth +250C 750 | 1000 600 | 1000 600 | 1000 kHz
(Note 4,11)
TRANSIENT RESPONSE
Rise Time (Notes 1,5,7 & 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 | 65 140 | 160 40| 60 V/us
Settling Time (Notes 1,5, 8 &12) +250C 0.25 0.25 0.25 us
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. R =2KQ 6. Absolute Maximum Ratings are limiting 9. AV =150V 12. VoyTt = +5V.
2. Vgm = 210V values, applied individually, beyond 10. This parameter value is based on
3. Ay > 10 which the serviceability of the circuit design calculations
-V may be impaired. o
4. Vo =£10.0v 11. Full Power Bandwidth guaranteed based
7. Vg = +200mV )
5. CL = 50pF on slew rate measurement using:

8. See Transient Response Test FPBW = SR./27Vpeak.
Circuits and Waveforms. pea
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Current - nA

Normalized Parameters
Referred to Values at
+250C

Normalized Parameters
Referred to Values at
15V

HA-2510/2512/2515 Performance Curves
n
INPUT BIAS AND OFFSET CURRENT Vg = £15V D.C., Tp = +259C Unless Otherwise Stated (
vs. TEMPERATURE EQUIVALENT INPUT NOISE N
100 vs. BANDWIDTH -
100 SN
+80 I~ o
\-\ BIAS CURRENT ™~
T -H )
+60 Bt N
) o 1
= NS § ‘
20 \\ §§ il S6i |
\\\ OFFSET CURRENT g, =§/:—V"‘ @E 5 |
! \\ ==
N\ I
O J1i
- T 25 0 5 <00 125 BT
Temperature 0C 01 1 [ |
100H2 TkHz 10kHz 100kHz MKz
NORMALIZED AC PARAMETERS towr 308 Frequeney = 10Kz L
vs. TEMPERATURE g ;
1 I
OPEN LOOP FREQUENCY AND PHASE RESPONSE zg i
S BANDWIDTH b ﬂﬂ—‘mr ] " E Et
100 - Garn Sl Bl 300 oa
0 SLEW RATE SLE RaTE g 80 & BN 0% s Og
T~ \ gé‘% 50 N ~z PHASE.« Hooe < 3]
§% 4 N e £
. BANOWIDTH o E 20 [T :_: 1500
‘ 0 HN»——- T b 1800
-20 -
10 100 1K 10K 100K m 1M 100M
Frequency Hz
08 _5!5 50 250 25 w50 75 w00 wis
Temperature 0C
OPEN LOOP FREQUENCY RESPONSE FOR
NORMALIZED AC PARAMETERS VARIOUS VALUES OF CAPACITORS FROM
vs. SUPPLY VOLTAGE COMPENSATION PIN TO GROUND
I 120 i
S
SLEW RATE a g 5. . <] 30pF
1.0 ] ] §§ 60 \N“:. -:j ok
. / BANDWIDTH | E,‘;? n _E
L sanowioTh A S g0 ptf 300F TLATH TN -
/éﬁsw RATE 0 el 1 h !

10 100 1K 10K 100K ™ 10M 100M
Frequency Hz

i SR

NOTE: External compensation components are not required for

0.8 stability, but may be added to reduce bandwidth if desired.
+10v £15V 420V

Supply Voltage

OUTPUT VOLTAGE SWING

vs. TEMPERATURE

SRUBALLLY
30 pPLY = £20V

,/<
o

3 g
] 3
| R s
- UPPLY = +20V -
5 v VguppLy = £15V H 2 s
kg / V guppLY = £10V &> VSuPpPLY =£ 10V
80
P4 10
5
75 + 0 L
550 25 +25  #50 475 4100 4125 10K 100K MEG 10MEG
Temperature 0C Frequency Hz
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HA-2510/2512/2515 Performance Curves (Continued)

POWER SUPPLY CURRENT
vs
TEMPERATURE

VOLTAGE FOLLOWER PULSE RESPONSE

: . Z
t V SUPPLY - 220V /%/
- 38— VSUPPLY = +15V il T T T
< N e ++
& VSUPPLY 210V //
5 38 -t —_— / r
< =
1
N
31 7SJ|5—50 -28 *25 +50 15 +100 125 //
Temperature °C
RL = 2KQ, C|_ = 50pF Vertical = 5V/Div.
Upper Trace: Input Horizontal = 100ns/Div.
Lower Trace: Output Ta =+2509C, Vg = +£15.0V
Test Circuits
SLEW RATE AND TRANSIENT RESPONSE SLEW RATE AND SUGGESTED
SETTLING TIME TRANSIENT RESPONSE VOS ADJUSTMENT
5V +200mv
WPUT I l nput |
-5V i omv N
= Taw H +200mv QvERshooT 2K our
ouTPUT 0% : En,"“v“;:‘:rf 50pF
__w | +10m

I RATE |
1o =aviaT
SETTLING TIME

1 FINAL VALUE

NOTE: Measurement on both positive and negative
' transitions from OV to +200mV and OV to

-200mV at the output.

vO
Tested Offset Adjustment Range is
[ Vog +1mV | minimum referred to
output. Typical ranges is =8mV with
RT = 20k,

Settling Time Circuit

1uF
INPUT 2K 1_
2 =
AAA— N o

100pF

D1uF
-V

2K
AAA
YW

T

AAA

YW
5K

SETTLING TIME
TEST POINT

e Ay =-1

* Feedback and Summing Resistors Should
be 0.1% Matched

HP5082-2810 Recommended

Clipping Diodes CR1 and CR2 are Optional.

Die Characteristics

Transistor Count

................................... 40
Die DImensions .......ooveiiiniennennn 57 x 65 x 19 mils
Substrate Potential ............... ...l Unbiased
PrOCESS it v ittt i e e e Bipolar-DI
Thermal Constants (0C/W) bja Oic
HA2- Metal Can (-2, -5, -7) 202 56
HA2- Metal Can (-8, /883) 168 52
HA3- Plastic Mini-DIP (-5) 84 34
HA4- Ceramic LCC (/883) 97 35
HA7- Ceramic Mini-DIP (-8, /883) 138 63
HA7- Ceramic Mini-DIP (-2, -5, -7) 204 112
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HA-2520/22/25

Uncompensated High Slew Rate
Operational Amplifiers

o HARRIS

Features

® High Slew Rate........ccouviiniiiiiniicccicnnnccnenes 120V/us
® Fast Settling ................ 200ns
o Wide Power Bandwidth .............c.eccuvevvernnenenn, 2,000kHz
® High Gain Bandwidth (Ay > 3) ..o 20MHz
® High Input Impedance..........coceeiieircrnccrninininnns 100MQ)
e Low Offset Current 10nA

Description

HA-2520/2522/2525 comprise a series of monolithic
operational amplifiers delivering an unsurpassed
combination of specifications for slew rate, bandwidth
and settling time. These dielectrically isolated amplifiers
are controlled at close loop gains greater than 3 without
external compensation. In addition, these high per-
formance components also provide low offset currentand
high input impedance.

120V/us 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 components for R.F. and video circuitry
requiring up to 20MHz gain bandwidth and 2MHz power

Applications

® Data Acquisition Systems
® R.F. Amplifiers

® Video Amplifiers

® Signal Generators

® Pulse Amplification

bandwidth. For accurate signal conditioning designs the
HA-2520/2522/2525’s superior dynamic specifications
are complimented by 10nA offset current, 200M{) input
impedance and offset trim capability.

The HA-2520 and HA-2522 have guaranteed operation
from -550C to +1250C and are available in metal can and
ceramic miniDIP packages. Both are offered in /883 grade
with the HA-2522 also available in LCC package. The
HA-2525 has guaranteed operation from 00C to +750C
and is available in plastic and ceramic miniDIP and metal
can packages. Mil-Std-883 product and data sheets are
available upon request.

Pinouts Schematic
HA7-2520/22/25 (CERAMIC MINI-DIP)
HA3-2525 (PLASTIC MINI-DIP)
TOP VIEW
\Y
BaL [1] (8] comp Yo 15 %gﬁn o o _ .
BALANCE R7 By A v+
IN- 2 7| v+ AV 1.8K; . ™
L—_ 7] . ] ulaj—‘ B "
N+ 3] 6] our ¥a 32 pou Gl LK, 216
1pF
V- E 5| BAL o S50 E; T ouTPUT
com. 4 A 1 G I
e -+1—
R4
11.13K
O
HA2-2520/22/25 (TO-99 METAL CAN) INPUT Q35
TOP VIEW
a3 R23 L@U R20 022
™ iél:” 35K 35K
33 W36
INPUT -

<

BALANCE

CAUTION: These devices are sensitive to electronic discharge. Proper IC handling procedures should be followed.
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Specifications HA-2520/2522/2525

Absolute Maximum Ratings (Note 13)
Voltage Between V+ and V- Terminals
Differential Input Voltage
Peak Output Current

Operating Temperature Range
HA-2520/2522
HA-2525

-550C < Tp < +1250C
00C < Tp < +750C

Internal Power Dissipation............cocovvvcriiiniennen. 300mW  Storage Temperature Range ........ -650C = Tp = +1500C
Lead Solder Temperature (10 Seconds) ............... +2750C  Maximum Junction Temperature...........cccccoceeeenn, +1750C
Electrical Specifications v+=+15vD.C,Vv-=-15vD.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
Offset Voltage +250C 4 8 5 10 5 10 mvV
Full 1 14 14 mV
Offset Voltage Average Drift Full 20 25 30 uv/oc
Bias Current +250C 100 | 200 125 | 250 125 | 250 nA
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 MO
Common Mode Range Full +100 £10.0 £10.0 v
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 1, 4) +250C 10K | 15K 75K | 15K 7.5K | 15K VIV
Full 7.5K 5K 5K VIV
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 £100[£120 £10.0 |£120 \Y
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 | X120 £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 74 90 74 90 dB
NOTES:
1. R =2k 6. Vo = £200mV 9. This parameter value is based on 1. Voyr = £5v
2. VoM = 10V 7. AV =50V design calculations. 12. Guaranteed by design.
3. Ay >10 8. See Transient Response Test 10. Full Power Bandwidth guaranteed based 13. Absolute Maximum Ratings are limiting
4. Vg = £10.0V Circuits and Waveforms on slew rate measurement using: values, applied individually, beyond
5. C_ = 50pF FPBW = S.R./anpeak. which the serviceability of the circuit

may be impaired. Functional operation
under any of these conditions is not
necessarily implied.
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HA-2520/2522/2525 Performance Curves

Normalized Parameters

Vg = £15V D.C., TA = +250C Unless Otherwise Stated

INPUT BIAS AND OFFSET CURRENT EQUIVALENT INPUT NOISE

vs TEMPERATURE ) 100 vs BANDWIDTH
+120
\ [
+100 \\ % 1
80 \ BIAS CURRENT = H
10
‘f= ° ™ By Bl e £
= ‘é » ~ i
2w E g > :: 5 oF.
S 2z Rl i
3 \\ = s gl
, \\ OFFSET CURRENT ' \Jiﬂl Nt
1 L
Al | 1] =il i
A 100H: TkHz 10kH: 100kHz MH
Temperature °C Upper 3dB Frequency
Lower 3dB Frequency - 10Hz
NORMALIZED AC PARAMETERS
vs TEMPERATURE OPEN-LOOP FREQUENCY AND PHASE RESPONSE
13 120
. 100 b N Il 300
Ea ® 12 % 30 L 500
E g . §- % “ N i PHASE - a0
:“3 ; é" BANDWIDTH SLEWRATE g i 40 [ 11 1200
B _‘E§ " SLEW RATE \‘\ S‘ g 2 ”J s N (1] 1500
o ® ! BANDWIDTH = N IR s
E = I il
§ o« 08 . 10 100 ALY 10K 100K ™ 10M
| Frequency Hz
o1 T 25 25 50 S5 100 128
Temperature °C OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS

VALUES OF CAPACITORS FROM BANDWIDTH CONTROL

NORMALIZED AC PARAMETERS PINTO GROUND .

120
vs SUPPLY VOLTAGE AT +250C ] : H"
I 100
@ OpF
= - - H“
a 80 NI H
5 A o c s\f: E:: ™ 300F
P SLEW RAT: _OJ © 60 4 <
2 BANDWIDTH @ [T e 100F
2 10 S @ w o
; ANDWIDTH 22 3000F NG M
> SLEW RATE ot » T <8 Su
o N
el s |, ToutgF N3
3 i SSiilingas:
E 09 10 100 K 10K 100K ™ 10M
s
3 Frequency Hz
08
+10 5 120

Supply Voltage
OQUTPUT VOLTAGE SWING
vs FREQUENCY AT +25°C

OPEN LOOP VOLTAGE GAIN
vs TEMPERATURE ! ”
88

T TTTIT
V SUPPLY = 20!

p——— =¥ 15
™S i

T T \\ 2
VSUPPLY = 115V
o 4I, | \\\ uu‘
L V SUPPLY =+ 10
” VSUPPLY = £10V, NG 10 -
] I
o N
N
IS}

R +25 60 #1541

Temperature °C Frequency Hz

|
Lo " ‘ I
= I

Peak-To-Peak
Voltage Swing

Gain - dB

0K 100K 1MEG 10MEG

100M .

Phase Angle
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HA-2520/2522/2525 Performance Curves (Continued)

POWER SUPPLY CURRENT
vs
TEMPERATURE

VOLTAGE FOLLOWER PULSE RESPONSE

POWER SUPPLY REJECTION RATIO
vs
FREQUENCY

NEGATIVE SUPPLY

¥/ 4
A
/43

<

POSITIVE SUPPI

POWER SUPPLY
REJECTION RATIO d8
2

I
 §

a6 /
a4 i,
K] v
5 VSUPPLY = + 20
Z a2 vsupeLy = +1sv. I A
g VSUPPLY = * 10V
© 4 L ! |
== ‘
u| A [
36 | ] [
55150 25 2 5 4100

TEMPERATURE o

25

100kHz 1kHz 10kHz 100kHz 1MHz

RL = 2K(, C_ = 50pF
Upper Trace: Input; 1.67V/Div.
Lower Trace: Output; 5V/Div.

FREQUENCY - Hz

Horizontal = 100ns/Div.
Ta =+250C, Vg = £15V

Test Circuits

SLEW RATE AND TRANSIENT SLEW RATE AND SUGGESTED
SETTLING TIME RESPONSE TRANSIENT RESPONSE VOS ADJUSTMENT
HEV 16Imv N 13332 oyt
INPUT INPUT _ro
| I I l SpF =% 50pF
167V { ov. I
HwYIZ= ST OVERSHOOT =
9% . 120V —— g — — — — — — =
H —_——— 667
o =
-5V — — 1 FINAL VALUE ouTPUT =
(b= RATE 1 0%
Q AT | SAV/AT 1 —— 1
SETTLING TIME' -—.1' L—- RISE TIME
1
NOTE: Measurement on both positive and negative Tested Offset Adjustment Range is
transitions from OV to +200mV and OV to IVog +1mV| minimum referred to
-200mV at the output. output. Typical range is +20mV to
~-18mV with Ry = 20kQ.
Settling Time Circuit
w 1uF
INPUT 667.2$2 =
9 ouTPUT
100pF J‘
Q01F = j|i
-V
200102 = * Ay=-3
VAVAVA
o e Feedback and Summing Resistor Ratios Should be
299,502 0.1% matched.

<
2000
RE QI

SETTLING TIME
TEST POINT

e Clipping Diodes CR1 and CR2 are Optional.
HP5082-2810 Recommended.
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HA-2520/2522/2525

n
Tvoical Applicati FREQUENCY RESPONSE FOR N
ypical Appiication INVERTING UNITY GAIN CIRCUIT S
10K
o~ I N
. } I S
1
) L oo , Il N
ZKj- o s CAN I” :‘“’
500pF é ° |” 00 1
"T 3" R ™ ~ L 8 g
== 0 st 41N H e & I
NOTE: Compensation Circuit for Ay = -1 Capacitance at pin 8 must be minimized for a8 L 1350 g
Slew Rate x2120V/us maximum bandwidth. 1o
Bandwidth &~ 10MHz Tested and functional with supply voltages from Jﬂ
£4V {o +15V. 10K o0k ™ ]

Settling Time (0.1%) & 500ns

START 10000 . 000Hz STOP 30 000 . 000Kz

Die Characteristics

TransistorCount ...t 40

DieDimensions ...............oouuunn. 50 x65 x 19 mils

Substrate Potential ................ ... ... Unbiased @

PrOCESS vttt e Bipolar-DI : g

Thermal Constants (O0C/W) Oja fic % é
HA2- Metal Can (-2, -5, -7) 206 56 < §
HA2- Metal Can (-8, /883) 168 52 S H
HA3- Plastic Mini-DIP (-5) 90 39 o
HA4- Ceramic LCC (/883) 99 37
HA7- Ceramic Mini-DIP (-8, /883) 140 65

HA7- Ceramic Mini-DIP (-2, -5, -7) 204 112
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& HARRIS

HA-2529

Uncompensated, High Slew Rate
High Output Current, Operational Amplifier

Features

e High SlewRate ..........cevvnernnennnnns. 150V/ps
eFastSettling .........cccvvviiiiiiiiiiniiats 200ns
* Wide PowerBandwidth....................... 2MHz
® Wide Gain Bandwidth (Ay>3) .............. 20MHz
¢ High Inputimpedance ...................... 130MQ
e LowOffsetCurrent...............ccovivvinnns 200nA
¢ High Output Current......... Cereerasenraa +*30mA
Description

The HA-2529 is a monolithic operational amplifier which
typifies excellence of design. With a design based on years
of experience coupled with the reliable dielectric isolation
process, these amplifiers provide an outstanding
combination of DC and AC parameters at closed loop gains
greater than 3.

The HA-2529 offers 150V/us slew rate and fast settling
time (200ns), while consuming a mere 6mA of quiesent
current, making these amplifiers ideal components for video
circuitry and data acquisition designs. With 20MHz
gain-bandwidth combined with 7.5kV/V open loop gain, the
HA-2529 is an ideal component for demanding signal
conditioning designs.These devices provide +30mA output

Applications

® Data Acquisition Systems
* R.F. Amplifiers

* Video Amplifiers

® Signal Generators

® Pulse Ampilification

current drive with an output voltage swing of 10V making
then suited for pulse amplifier and R.F. amplifier
components.

The HA-2529 will upgrade output current, slew rate, offset
voltage drift and offset current drift in systems presently
using the HA-2520/22/25 or EHA-2520/22/25.

The HA-2529-2 has guaranteed operation over the military
temperature range (-55°C to +1259C) and the HA-2529-5
has guaranteed operation over the commercial temperature
range (09C to +759C). MIL-STD-883 product and data
sheets are available upon request.

Pinouts Schematic
HA7-2529 (CERAMIC MINI-DIP)
HA3-2529 (PLASTIC MINI-DIP) orrser - orrsers o
TOP VIEW PIN1 Q BAL1 BAL2Q Q ve
o
200 % < 200
\J ¥ Q3o R2AA 2 S R288
R21 R10
BAL |'1__ E] comP Som I
':F" 440 P & 440 R12
IN- E 7] v+ 1 s | P
msEE 4 <
IN+ E '_E] our ais
v- [a 5| BAL 3 Ro
E ] Q8 Q12A
DI38
INPUT+ R17
Q118 ios 50 outPUT
HA2-2529 (TO-99 METAL CAN) 5’
TOP VIEW
DI3A
Q1A
Q9
Q10
o ! D14
R19 :ER'O -
3 ]
OQINPUT-

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.

2-30




Specifications HA-2529

Absolute Maximum Ratings (Note 1) Operating Temperature Ranges
Voltage Between V+ and V- Terminals -550C < Ta < +1250C
Differential InputVoltage. ... 218V HA-2529-5. ... .. i 00C < TA < +759C
QutputCurrent ...............cc.oues. -65°C < Ta <+1500C
Internal Power Dissipation (Note 10) ................... 300mwW
Maximum Junction Temperature. ...................... +1750C
Electrical Specifications Vg =x15V, C| = 50pF, R|_ = 2kf2, Unless Otherwise Specified.
HA-2529-2 HA-2529-5
-550C to +125°C 09C to +750C
PARAMETER Temp | min | Tve | max | min | Tve | max | units
INPUT CHARACTERISTICS
Offset Voltage (Note 8) +250C ~ 2 5 - 2 10 mV
Full - ~ 8 - - 14 mV
Average Offset Voltage Drift (Note 8, 11) Full ~ 10 - - 10 - uv/ec
Bias Current (Note 8) +250C - 50 200 - 50 250 nA
Full - 80 400 - 80 400 nA
Average Bias Current Drift (Note 8) Full - 0.2 - - 0.2 - nA/oC
Offset Current (Note 8) +250C - 5 25 - 5 50 nA
Full - 10 50 - 10 100 nA
Average Offset Current Drift Full - 0.02 - - 0.02 - nA/oC
Common Mode Range Fuli +10 +13 - +10 +13 - '
Differential Input Resistance (Note 11) +250C 50 130 - 50 130 - MQ
Differential Input Capacitance (Note 11) +250C - 3 - - 3 - pF
Input Noise Voltage (f = 1kHz) +250C - 20 - - 20 - nv//Hz
Input Noise Current (f = 1kHz) +250C - 18 - - 1.8 - pA/\/HzZ
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C 10 18 - 75 18 - KV/V
Full 75 15 - 5 15 - kV/V
Common Mode Rejection Ratio (Note 5) Full 80 100 - 74 100 - dB
Gain-Bandwidth Product (Note 2) +250C - 20 - - 20 - MHz
Minimum Stable Gain +250C 3 - - 3 - - A%
OUTPUT CHARACTERISTICS
Output Voltage Swing Full +10 *+12 - +10 +12 - Y
Full Power Bandwidth (Notes 3 & 6) +250C 2.1 26 - 241 26 - MHz
Output Current (Note 8) +250C 30 35 - 30 35 - mA
Full 25 30 - 25 30 - mA
Output Resistance (Open Loop) +250C - 30 - - 30 - O
TRANSIENT RESPONSE (Ay = +3)
Rise Time (Note 2, 7) +250C - 20 45 - 20 50 | ns
Overshoot (Note 2, 7) +250C - 10 30 - 10 30 %
Slew Rate (Note 3, 7) +250C 135 150 - 135 150 - V/ps
Settling Time (Note 4, 7) +250C -~ 200 - - 200 - ns
POWER SUPPLY CHARACTERISTICS
Supply Current Full - 4.5 6 - 4.5 6 mA
Power Supply Rejection Ratio (Note 12) Full 80 90 - 74 90 - dB
NOTE:
1. Absolute maximum ratings are limiting values, applied individually be- 7. See Transient Response and Settling Time Test Circuits.
yond which the serviceability of the circuit may be impaired. Functional 8. Refer to typical performance curve in data sheet.
operability under any of these conditions is not necessarily implied. 9.V = 15V
V = £200mV, Ay > 3 - VOUT = .
2 Voyr = PAvz S 10. Refer to package thermal constants in Die Information section.
3. VOUT = ‘110_\/' » ) 11. Parameter is guaranteed by design and characterization data.
4. :ﬁ!nﬁ Time is specified to 0.1% of final value for a 10V output step and 12. AVg = %10V to £20V.
5. AVom = £ 10V.
6. Full Power Bandwidth is guaranteed by equation: FPBW = Sfﬂa_te_

2nVpEAK
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HA-2529

Test Circuits

SLEW RATE AND

SETTLING TIME WAVEFORM

TRANSIENT

SLEW RATE AND
TRANSIENT RESPONSE SUGGESTED

RESPONSE WAVEFORM TEST CIRCUIT Vos ADJUSTMENT

IN
v N g7
Ve t SoFTR S1aaan 75 S0PF
ouTPUT | ERROR BAND
L | +10mV FROM
sy Iz Istew 1 FINAL VALUE <
SHY gee7a
SETTLING TIME _,1| L_ RISE TIME
[

NOTE: Measured on both positive and Tested Offset Adjustment is| Vog +1mV |
negative transitions from O to minimum referred to output. Typical
+200mV and O to -200mV. range is +28mV to -18mV with

RT = 20kQ.
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE

Vertical Scale:
Horizontal Scale:

(200ns/Div.)
(2V/Div. Input)

(5V/Div. Output)

Vertical Scale: (200ns/Div.)
Horizontal Scale : (50mV/Div. Input)
(100mV/Div. Output)

Settling Time Circuit

+V

INPUT 667292

W

AAA.

1667
Q

o01uF =

200192

AAA-

||}-§_
Tr

Tuurﬂlt

100pF

. AV = -3
Feedback and summing resistor ratios should be
= 0.1% matched.

VW

AAA-

Clipping diodes CR1 and CR2 are optional.

SETTLING TIME
TEST POINT

VW
4999.8Q

HP5082-2810 recommended.
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HA-2529

Typical Performance Curves

OFFSET VOLTAGE vs. TEMPERATURE
6 Typical Units From 3 Lots @ Vg = £15V
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6 Typical Units From 3 Lots @ Vg = +15V
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Typical Performance Curves (Continued)

SUPPLY CURRENT vs. SUPPLY VOLTAGE
- Over Full Temperature

FREQUENCY RESPONSE AT VARIOUS GAINS

5.4 +125°c 100
5.2 | — FHET T
~ 504 —+25°C 80 1, OPEN LOOP GAIN
E 48 T I oA ; _
- o ) 7
= 461 - -559C 7 %0 [ GAIN @ Ay = 1008~ ]"] 4 u
Zz 4.4 4 5 z [T (1. [
w 424 S > 40 - 0]
£ 40 H S IRRLERL J P
2 38 S 20 | PHASE @ Ay = 100! )
O SCT17s o w
5 36 ¢ S o o @
= 3.4 o] o P~ 0 3
o 17 4 = "Yeod N <
a 32 7 z Y N, -450
2 30 w e w
? 28l o o) N 2
. [¢] o -90° ¥
gjﬁ OPEN LOOP PHASE 13500-
% suemvvomase ey LTI
SUPPLY VOLTAGE (+ V) -180°
100 1K 10K 100K ™ 10M  100M
FREQUENCY (Hz)
OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS
VALUES OF CAPACITORS FROM BANDWIDTH )
CONTROL PIN TO GROUND INPUT NOISE CHARACTERISTICS
g 1000§ 100 _
100 500 1 H- s0 T
T S L — INPUT NOISE CURRENT 3
80 OpF S LN 2
Ty 10pF o "‘: :
60 [grmbddl ‘e, . 30pF ] 100= 10 =
Do 227 SR S0pF £ 507 &
40 (D 2 N Lo 3 5 &
| TN 1IN [} 1 =)
20 100pF ALY Nt ] > 4 trid,, o
pf T w “1— INPUT NOISE VOLTAGE
Do e > G D w
o 300pF 2 LW KD Y g 10 5 1 g
VeI TIN ove, 3
-20 I I I 2 S R E 57 0.5 E
100 1K 10K 100K ™ 10M 100M E T 2
FREQUENCY (Hz) z 9 %
1 01
1 10 100 1K 10K 100K

OUTPUT VOLTAGE SWING vs. FREQUENCY

‘5’ VsyppLy = + 20V
5@ :
w
g 2 VsuppLy = t 15V
N

2
3 2
> N
b4
© 15 VsuppLy = & 10V N
o 10 \
2
x 5
: |
a

0

10K 100K ™ 10M

FREQUENCY (Hz)

FREQUENCY (Hz)

NORMALIZED A.C. PARAMETERS vs. SUPPLY VOLTAGE
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0.4
5 7 9 11 13 15 17 1920

SUPPLY VOLTAGE (+ V)

2-34




HA-2529

»
Typical Applications g
FREQUENCY RESPONSE FOR &
INVERTING UNITY GAIN CIRCUIT T
15
10K 10
———A—— GAIN
= 5
10K g ls
IN O—AAN— E o
2% —o0uT ° w0 B
_% NN g
500pF 5K -10 PHASE -0 o
5 g0 £
V, H
-1800 |
(]
s&
10K 100K ™ 10M P 2
START 10000 . 000Hz STOP 30 000 . 000Hz < g
g
ol
°3
NOTE: Compensation Circuit for Ay = -1 o
Slew Rate x~120V/us '
S—|

Bandwidth &~ 10MHz

Settling Time (0.1%) &~ 500ns

Capacitance at pin 8 must be minimized for
maximum bandwidth.

Tested and functional with supply voltages from
+4V to £15V.

Die Characteristics

Transistor Count .............. ...l I 40
Die Dimensions ............. 1660um x 1300pum x 485um !
(65 mils x 51 mils x 19 mils) ‘
Substrate Potential .............. ... ... ... V- ;
Process ......coiiii Bipolar-DI i
Thermal Constants (OC/W) Oja Bjc 1
HA2-Metal Can (-2, -5, -7) 206 56 ‘
HA2-Metal Can (-8, /883) 168 52
HA3-Plastic Mini-DIP (-5) 90 39
HA4-Ceramic LCC (/883) 99 37 |
HA7-Ceramic Mini-DIP (-8, /883) 140 65 ‘

HA7-Ceramic Mini-DIP (-2, -5, -7) 204 112
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& HARRIS

HA-2539

Very High Slew Rate Wideband
Operational Ampilifier

Features Applications
e Very High Slew Rate 600V/us e Pulse and Video Amplifiers
e Open Loop Gain 30kV/V e Wideband Amplifiers

¢ Wide ‘Gain-Bandwidth (Ay = 10) 600MHz * High Speed Sample-Hold Circuits
* Power Bandwidth 9.5MHz e RF Oscillators

* Low Offset Voltage 8mV

e Input Voltage Noise 6nv/\/Hz

e Output Voltage Swing +10V

L]

Monolithic Bipolar Dielectric Isolation Construction
Description

The Harris HA-2539 represents the ultimate in high slew
rate, wideband, monolithic operational amplifiers. It has
been designed and constructed with the Harris High Fre-
quency Bipolar Dielectric Isolation process and features
dynamic parameters never before available from a truly
differential device.

The HA-2539 is available in 14 pin ceramic and plastic DIP.
The HA-2539-2 operates over -550C to +1250C
temperature range while the HA-2539-5 and HA-2539C-5
operates over the 00C to +759C range.

For further design assistance please refer to Application
Note 541 (Using The HA-2539 Very High Slew Rate
Wideband Operational Amplifiers) and Application Note
556 (Thermal Safe-Operating-Areas For High Current
Operational Amplifiers).

With a 600V/us slew rate and a 600MHz gain bandwidth
product, the HA-2539 is ideally suited for use in video and
RF amplifier designs, in closed loop gains of 10 or greater.
Full £10V swing coupled with outstanding A.C. paramet-
ers and complemented by high open loop gain makes the

For military grade product information, the HA-2539/883
devices useful in high speed data acquisition systems.

data sheet is available upon request.

Pinout Schematic
HA1-2539/2539C (CERAMIC DIP)
HA3-2539/2539C (PLASTIC DIP) v
TOP VIEW R3S RIS R2 Qp28 R3 R4
0p1g
s 0p22 pg
wneut [T [14) -input < F@w % ﬂp'> 3;“5 N
R4S A3 —_IA;
ve [2] 13) n e TV § s
1 Qp25
L
-vsupeey [ 7] ne $ v B %
nzz:: o | MV B
ne [4 [Mne - . "K’"’
+INPUT
Ne E E +VSUPPLY arg
R8 RY
Ne E z] Ne p23 »—lﬁmzu
ap3 apg an10
-INPUT
NC |7 8| outeut
G o |
SR N
—~
z14§' ]Lém
nzsjt w <
R10
_ On2o RI6S
(N C) No Connection pins may be tied to a ground 9 4 < v
plane for better isolation and heat dissipation. Ontg TN rTeEy 016
Qoz1
29 R14 R15 R17
0022 5% wig ] v

CAUTION: These devices are sensitive to electostatic discharge. Proper IC handling procedures should be followed.
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Specifications HA-2539

|
Absolute Maximum Ratings (Note 1) Operating Temperature Range ™
Voltage Between V+ and V- Terminals.. HA-2539-2 -550C = Tp < +1250C IIN'}
Differential Voltage... HA-2539/2539C-5 ........ .00C =Tp < +750C <|
Peak Output Current Storage Temperature Range ........-650C < Tpa = +1500C T
Continuous Output Current............c.ccocveiiinn, 33mArms  Maximum Junction Temperature.......................... +1750C
Internal Quiescent Power Dissipation (Note 2)....870mW |
(Ceramic DIP) }
Electrical Specifications VgyppLy = £15V, Rl = 1k, C|_ < 10pF, Unless Otherwise Specified. |
HA-2539-2 HA-2539-5 HA-2539C-5
-550C to +1250C 00C to +750C 00C to +75°C
PARAMETER TEMP | MIN I TYP | MAX | MIN I TYP I MAX | MIN | TYP | MAX UNITS
INPUT CHARACTERISTICS
|
Offset Voltage +250C [ — 8 10 - 8 15 — 8 15 mv e
Fulb | — | 13 |15 | — |13 | 20 | — |13 | 2 mv %o
Average Offset Voltage Drift Full — 20 — — 20 — — 20 w/0C g é |
Bias Current +250C | — 5 20 — 5 20 — 5 20 uA :g |
Full — — 25 — — 25 — — 25 7y o
Offset Current +250C — 1 6 — 1 6 — 1 6 PA (ST
Full — —_ 8 — — 8 — — 8 HA |
Input Resistance +250C — 10 e — 10 — — 10 — kQ |
Input Capacitance +250C — 1 — — 1 — — 1 — pF |
Common Mode Range Full +10 — — +10 — — +10 — — \Y |
Input Current Noise +250C —_ 6 — — 6 — —_ 6 — pA/V Hz ‘
(f = 1KHz, RsOURCE = 04) 1
Input Voltage Noise +250C — 6 — — 6 — — 6 — nV/VHz
(f = 1KHz, RSOURCES = 0%)
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C | 10K 15K — 10K 15K | - 7K 10K — VIV
(Note 3) Full 5K — — 5K - —_ 5K — —_ V/V
Common-Mode Rejection Ratio Full 60 72 — 60 72 — 60 72 — dB
(Note 4)
Minimum Stable Gain +250C 10 — — 10 — — 10 — — V/V
Gain Bandwidth Product +250C —_ 600 - - 600 — — 600 — MHz |
(Notes 5 & 6) |
OUTPUT CHARACTERISTICS ‘
Output Voltage Swing (Note 3, 10) Full +10 — — +10 — — +10 — — Vv i
Output Current (Note 3) +250C +10 120 —_ +10 +20 — +10 +20 — mA |
Output Resistance +250C — 30 e — 30 — — 30 — [0
Full Power Bandwidth +250C 8.7 9.5 —_ 8.7 9.5 —_ 8.7 9.5 — MHz
(Notes 3 & 7)
TRANSIENT RESPONSE (Note 8)
Rise Time +250C | — 7 — — 7 — — 7 — ns ‘
Overshoot +250C — 15 — — 15 - - 15 — % |
Slew Rate +250C 550 600 — 550 600 — 550 600 — V/us i
Settling Time: 10V Step to 0.1% +250C — 180 — — 180 — — 200 — ns ‘
POWER REQUIREMENTS
Supply Current Full — 20 25 — 20 25 — 20 25 mA
Power Supply Rejection Ratio Full 60 70 — 60 70 — 60 70 — dB
(Note 9)
\
|
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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.

. This value assumes a no load condition: Maximum power dissipation
with load conditions must be designed to maintain the maximum
junction temperature below +1750C. By using Application Note 556
on Safe Operating Area equations, along with the packaging thermal
resistances listed in the die information section, proper load
conditions can be determined. Heat sinking is recommended above
+750C with suggested models:

Thermalloy #6007 (6ga = 40°C/W) or AAVID #5602B (65 = 16°C/W).

N oos

. R = 1k}, Vg = 10V
VCM = £10V
Vg = 90mV
Ay = 10.
. Full Power Bandwidth guaranteed based on slew
Slew Rate
rate measurement using FPBW = ~————
2mVPEAK

. Refer to Test Circuits section of data sheet.
9. VsyppLy = £5VDC to £15VDC
. Guaranteed range for output voltage is £10V. Functional operation

outside of this range is not guaranteed.

Test Circuits

LARGE SIGNAL RESPONSE
Vertical Scale: A = 0.5V/Div., B = 5.0V/Div.
Horizontal Scale: Time: 50ns/Div.

§ i 4 i

TEST CIRCUIT

ouT
Vg = £15V
9002 Ay = +10
CL < 10pF
10002

SMALL SIGNAL RESPONSE
Vertical Scale: Input = 10mV/Div., Output = 50mV/Div.
Horizontal Scle: 20ns/Div.

SETTLING TIME TEST CIRCUIT

v+ O
001 F
L]
- .
INPUT  200Q
O—4-AAA > : k= ouTPUT .
A o I PROBE .
T MONITOR
b
é 50092 :
-
v-O
KQ
SETTLE AL
POINT 5KQ
e vV

Ay =-10
Load Capacitance should be less than 10pF.

It is recommended that resistors be carbon composition and that feed-
back and summing network ratios be matched to 0.1%.

SETTLE POINT (Summing Node) capacitance should be less than
10pF. For optimum settling time results, it is recommended 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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Typical Performance Curves

INPUT OFFSET VOLTAGE AND BIAS CURRENT INPUT NOISE VOLTAGE AND
vs. TEMPERATURE NOISE CURRENT vs. FREQUENCY
14 7
T IIHN TTTT
12 5 _ \ R SOURCE = 00 V= +15V
= > 25 50
Et £
= 10 5w . \\ _
z OFFSET VOLTAGE = Fa 4 (=
g8 S N a3 < \\ >
3 > z A\ 3
26 BIAS CURRENT 18 w 15 nC
2 L ¢ e \ N =
2 g 2 NN 2
24 2 — sn N 20 &
H < > o
2 T ] VOLTAGE w
g | NoisE we
0 0 N{Ul_ - CURRENT NOISE
-80 -40 0 +40 +80 +120 +160 0 1 0
TEMPERATURE (0C) 10 100 1K 10K 100K
FREQUENCY (Hz)
BROADBAND NOISE (0.1Hz to 1MHz) COMMON MODE REJECTION RATIO
Vertical Scale: 10uV/Div. vs. FREQUENCY
Horizontal Scale: 50ms/Div.
Houv
+30uVv 100
+20uV 80
+0uv = 50 ML
= T~
ouv z \‘H..
g 2
-10uV ""-~\~
20 mE
-20uV )
-30uv u"( 10K 100K ™ 10M
-40uV FREQUENCY (Hz)
“
POWER SUPPLY REJECTION RATIO OPEN LOOP GAIN/PHASE
vs. FREQUENCY vs. FREQUENCY HA-2539
100 —'—-‘ ]T 2 B Tl
100 80 - h i L
) N
80 60 —H 1 | Al
PHASE N

PHASE (DEGREES)

PSRR (dB)
o B 8 2
n
e
1L
H-
L
GAIN (dB)
S s 3 3
[ 1
1
I 1 T T
i 1 T 1
! 1 t 1
I T 1 11

100 1K 10K 100K ™ 10M
FREQUENCY (Hz)

1K 10K 100K ™ 10M
FREQUENCY (Hz)
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Typical Performance Curves (Continued)

CLOSED LOOP GAIN (dB)

OUTPUT VOLTAGE SWING (VOLTS p-p)

BNONDO® S

OQUTPUT VOLTAGE STEP (VOLTS)

oo

CLOSED LOOP FREQUENCY RESPONSE OUTPUT VOLTAGE SWING
FOR VARIOUS CLOSED LOOP GAINS vs. FREQUENCY
T 28
- T TTIT
100 L VsuppLY = +15v VSuppLY £ £18V
%0 2
_ "N
80 E J' i
70 22
60 "g'
50 ! E16 VSUPPLY = £10V
40 q w
. 1 A g
. il T g
z
10 H- 28
0 1] I |;|.l| VI E VSUpPPLY =5V \
0 i | . [N
00 1K 10K . \N
FREQUENCY (Hz) ‘ N
]
1K 10K 100K ™ 10M 100M
FREQUENCY (Hz)
OUTPUT VOLTAGE SWING NORMALIZED AC PARAMETERS
vs. LOAD RESISTANCE vs. TEMPERATURE
14
13
&,Eu \ BANDWIDTH
w +
// %g 1.1 N
‘/ ng ~L SLEW RATE
22 o~
/ £, ~
is
/ S 8
/ &
7
6
200 400 600 800 1K 1.2K -80 -40 0 +40 +80 +120 +160
RESISTANGE (Ohms) _ TEMPERATURE (oC) ’
SETTLING TIME FOR VARIOUS POWER SUPPLY CURRENT vs.
OUTPUT STEP VOLTAGES TEMPERATURE AND SUPPLY VOLTAGE
28
10mv L 2T mv—] = u
— // f 20 - VSUPPLY=tEV?.—
4
g 15 VsuppLY = 5V
10mV mV E 12
ANEERAN 2 g
AN N
4
40 80 120 160 200 240 0
SETTLING TIME (ns) -80 40 0 +40 +80 +120 +160

TEMPERATURE (oC)
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Applications

FREQUENCY COMPENSATION
COMPENSATION BY OVERDAMPING

R

]
HA-2539 SetAy=1+ — =5
R2
20-100pF
202 R1
= f2
REDUCING DC ERRORS
COMPOSITE AMPLIFIER
R5 1KQ Rg 10KQ
() A A A i MA
INPUT €2 == 0.039 i F
i R1 S 10KQ
3900F k2
0 HA-2539
—0

HA-5170

NOTE: No connect pins (NC) on the HA-2539 should be tied to a ground
plane.
Refer to Figure 4 in Application Note 541 for detailed Application
suggestions.

STABILIZATION USING Z|N

_R2
R2 Set Ay = — =-3

VWA Ry

R1

ZIN 0O

L

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

HA-2539

OP AMPs &
COMPARATORS

Die Characteristics

TransistorCount ....... ..ot 30

DieDimensions ............coovviun... 75 x61 x 19 mils

(1910pm x 1550pm x 483um)

Substrate Potential (Powered Up)*.................... V-

Process ........cooiiiiiin. High Frequency Bipolar-Dl

Passivation ............ .. o, Nitride
Thermal Constants (OC/W) Bja Oic
HA1-2539/2539C Ceramic DIP 104 48
HA3-2539/2539C Plastic DIP 95 46

*The substrate may be left floating (Insulating Die Mount) or it may be
mounted on a conductor at V- potential.
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B HARRIS HA-2540

Wideband, Fast Settling
Operational Amplifier

Features Description

® Very High Slew Rate 400V/us The Harris HA-2540 is a wideband, very high slew rate,
monolithic operational amplifier featuring superior speed

® Fast Settling Time 200ns  5ng pandwidth characteristics. Bipolar construction

o Wide Gain-Bandwidth (Ay = 10) .ooeceuevernnnee 400MHz coupled with dielectric isolation allows this truly differen-
tial device to deliver outstanding performance in circuits

® Power Bandwidth ..o 6MHz  where closed loop gain is 10 or greater. Additionally, the
HA-2540 has a drive capability of £10V into a 1K) load.

® Low Offset Voltage......... Smv Other desirable characteristics include low input voltage

e Input Voltage Noise .. 6nV/\/Hz noise, low offset voltage, and fast settling time.

e Output Voltage Swing +10v A 400/us slew rate ensures high performance in video and
pulse amplification circuits, while the 400MHz gain-band-

* Monolithic Bipolar Construction width-product is ideally suited for wideband signal
amplification. A settling time of 200ns also makes the
HA-2540 an excellent selection for high speed Data

Applications Acquisition Systems.

¢ Pulse and Video Amplifiers The HA-2540-2 is specified over the -550C to +1250C

range while the HA-2540-5 and HA-2540C-5 is specified
from 0°C to +759C. The HA-2540 and HA-2540C are
¢ High Speed Sample-Hold Circuits available in the 14 pin Ceramic and Epoxy DIP packages.

Refer to Application Note 541 and Application Note 556
for more information on High Speed Op-Amp applica-
tions. MIL-STD-883 data sheet is available on request.

* Wideband Amplifiers

® Fast, Precise D/A Converters

Pinout Schematic
HA1-2540/2540C (CERAMIC DIP) 3 [ 7 v

HA3-2540/2540C (PLASTIC DIP) g me mg o a3 3

TOP VIEW orie

- Qp22 y[r]
2 LN pamn N
N j s Ll Shs
NC E E NC 213 Shn
T

IN- E >_‘_E v+ +INPUT " "
IN+ E + E OUTPUT QPIJE}—’ENZ’ R8
v E E NC ANPUT T o

NC E E NC :E R21 N

iy
J ON26
n151: v l/umz
q >
bl
o [ RI6S
NC - No Connection. These pins may be tied to a ground plane o} V ¥a

~ N5
: ; i a n15 N3
for added isolation and heat dissipation a7}
29 R14 R15 R17
RZIEDHET s v

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-2540

|
. . . Q |
Absolute Maximum Ratings (Note 1) Operating Temperature Ranges g i
Voltage Between V+ and V- Terminals........................ 35V HA-2540-2........cciiiiiiiiii -550C < Tp =< +1250C 4] |
Differential Voltage ..o 6V HA-2540/2540C-5 00C =Tp < +750C & !
Output Current.....33mArms (Continuous), 50mA (Peak) Storage Temperature Range ........-650C < Tp < +1500C T |
Internal Power Dissipation (Note 2) ...... 870mW (Cerdip)  junction Temperature ..........cccccocoeorevreneeererens +1750C ‘
j
Electrical Specifications VgyppLy = +15V, Rl = 1kQ, C|_ < 10pF, Unless Otherwise Specified. !
HA-2540-2 HA-2540-5 HA-2540C-5
-550C to +1250C 00C to +75°C 00C to +750C '
PARAMETER TEMP | MIN TYP | MAX | MIN I TYP T MAX { MIN I TYP | MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C — 8 10 — 8 15 — 8 15 mV 1
Full - 13 15 — 13 20 - 13 20 mv @
Average Offset Voltage Drift Full — 20 — 20 — — 20 — uv/0C ‘:: I_0_ |
Bias Current +250C | — 5 20 | — 5 20 | — 5 20 bA £
Full — —_ 25 — — 25 — — 25 MA < E
Offset Current +250C | — 1 — 1 — 1 6 VA 3 H
Full — — 8 — — 8 — — 8 HA 5]
Input Resistance +250C — 10 — - 10 — — 10 — k€
Input Capacitance +250C — 1 — — 1 — — 1 — pF
Common Mode Range Full +10 — — +10 — — +10 — — \ ‘
Input Noise Current +250C — 6 — - 6 — — 6 — pA/\/Hz I
(f = 1kHz, RSQURCE = 09Q) ‘
Input Naise Voltage +250C | — 6 — — 6 — — 6 A 1
(f = 1kHz, RSOQURCES =00 |
I
TRANSFER CHARACTERISTICS J
i
Large Signal Voltage Gain +250C 10K 15K — 10K 15K — 7K 10K — V/V |
(Note 3) Full 5K — — 5K — — 5K —_ — V/V !
Common-Mode Rejection Ratio Full 60 72 — 60 72 — 60 72 — dB |
(Note 4)
Minimum Stable Gain +250C 10 — — 10 — — 10 — — \74% [
Gain-Bandwidth-Product +250C — 400 — — 400 - —_ 400 —_ MHz \
(Notes 5 & 6) |
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3, 10) Full +10 — — +10 — — +10 — — \Y
Ouiput Current (Note 3) +250C +10 +20 — +10 +20 — +10 +20 — mA
Output Resistance +250C — 30 — — 30 — — 30 — Q
Full Power Bandwidth +250C 5.5 6 — 5.5 6 — 55 6 — MHz
(Notes 3 & 7)
TRANSIENT RESPONSE (Note 8)
Rise Time +250C — 14 — — 14 — — 14 — ns
Overshoot +250C — 5 — — 5 — — 5 — %
Slew Rate +250C 350 400 — 350 400 -—_ 350 400 —_ V/us
Settling Time: 10V Step to 0.1% +250C —_ 140 — — 140 - — 140 — ns
POWER REQUIREMENTS
Supply Current Full — 20 25 — 20 25 — 20 25 mA
Power Supply Rejection Ratio Full 60 70 — 60 70 — 60 70 — dB
(Note 9)
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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.

No o~ W

2. This value assumes a no load condition: Maximum power dissipation
with load conditions must be designed to maintain the maximum
junction temperature below +1759C. By using Application Note 556 on
Safe Operating Area Equations, along with the packaging thermal
resistances listed in the Die Information section, proper load 8.
conditions can be determined. Heat sinking is recommended above

+759C with suggested models: 10

Thermalloy #6007 (654 =400C/W) or AAVID #56028 (0 =16°C/W).

. RL =1k, Vg = +10V.

. VoM =10V,
. Vp =90mV.
. Ay = 10V.
. Full power bandwidth guaranteed based on slew rate measurement
using: FPBW = Slew Rate
2m VpPEAK

Refer to Test Circuits section of the data sheet.

9. VgyppLy = £5VDC to £15VDC.

Guaranteed range for output voltage is 110V. Functional operation
outside of this range is not guaranteed.

Test Circuits

LARGE AND SMALL SIGNAL RESPONSE

TEST CIRCUIT

LARGE SIGNAL RESPONSE
Vertical Scale: (Volts: A = 0.5V/Div., B = 5.0V/Div.)
Horizontal Scale: (Time: 50ns/Div.)

ouTt

Ay =+10
Cy <10pF

SMALL SIGNAL RESPONSE
Vertical Scale: Input = 10mV/Div.; Output = 50mV/Div.
Horizontal Scale: 20ns/Div.

TURN-ON TIME DELAY TYPICALLY 4ns.

SETTLING TIME TEST CIRCUIT

20052

INPUT O——VWW OUTPUT

PROBE

I MONITOR

<
5 5000

>

SETTLE K2
POINT
o VA ——
5K

e Ay =-10.

Load Capacitance should be less than 10pF. Turn on time delay
typically 4ns.

It is recommended that resistors be carbon composition and that
feedback and summing network ratios be matched to 0.1%.

SETTLE POINT (Summing Node) capacitance should be less than
10pF. For optimum settling time results, itisrecommened 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

HA-2540

CLOSED LOOP FREQUENCY RESPONSE OUTPUT VOLTAGE SWING vs. FREQUENCY
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g 60 ftrd Bl N g
7
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] / E 9 SLEW RATE IRy
’oj 12 H
-/ : .
£ / g,
3 [ S
) E
0 s
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Performance Curves

INPUT OFFSET VOLTAGE AND BIAS CURRENT vs.

TEMPERATURE
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Applications
WIDEBAND SIGNAL SPLITTER

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

OFFSET
ADJUST

-V

BOOTSTRAPPING FOR MORE OUTPUT CURRENT AND VOLTAGE SWING

g O +V
R1*
4K
C1* 1K @107
I I . Cs! Rz*
= i [ 3 aK
. HA—Z% | SIGNAL OUT
SIGNAL IN + A
Rg* R3* —
4K
Rg*
4K
4 O_\

NOTES:

1. Used for experimental purposes. Cf ~3pF.

2. Cq is optional (0.001uF — 0.01uF ceramic)

3. Rg is optional and can be utilized to reduce input signal amplitude and/or balance input conditions. Rg = 5000 to 1k{2.

Refer to Application Note 541 For Further Applications Information.

Die Characteristics

TransistorCount .......... ... i 30 Thermal Constants (9C/W) Oja Bic
Die Dimensions ........... (1910 ..... 1 575€'>0X 61 X‘;1893mlls HA1-2540/2540C Ceramic DIP 104 48

Hm X Hm x 483pm HA3-2540/2540C Plastic DIP 95 46
Substrate Potential (Powered Up)*.................... V- /
Process..................... High Frequency BipOIar_DI *The substrate may be left floating (Insulating Die Mount) or it may be
Passivation .......... ..ot Nitride mounted on a conductor at V- potential.
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o HARRIS

HA-2541

Wideband, Fast Settling, Unity Gain Stable,

Operational Amplifier

Features

e Unity Gain Bandwidth 40MHz
e High Slew Rate 250V/us
® Low Offset Voltage 0.8mV
o Fast Settling Time (0.1%) 90ns
e Power Bandwidth 4MHz
e Output Voltage Swing (Min) .....cccccocvreviccnrinnisensnnns +10V
L]

Unity Gain Stability
* Monolithic Bipolar Dielectric Isolation 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
250V/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 to 0.1%, make this

Applications

® Pulse and Video Amplifiers

¢ Wideband Amplifiers

e High Speed Sample-Hold Circuits
e Fast, Precise D/A Converters

e High Speed A/D Input Buffer

product an excellent choice for high speed data
acquisition systems.

Packaged in a metal can (TO-8) 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. The HA-2541-5 is specified
over the temperature range of 00C to +759C. For the
military grade product, refer to the HA-2541 military data
sheet.

For further application suggestions on the HA-2541,
please refer to Applicaton Note 550 (Using the HA-2541),
and Application Note 556 (Thermal Safe-Operating-
Areas For High Current Operational Amplifiers). Also see
‘Applications’ in this data sheet.

Pinouts Schematic
HA1-2541 (CERAMIC DIP)
TOP VIEW saLANGE
? 9 W
R IR R
—_—— R7 $RESRY RI0 3A12 153213\ 30y
ne. [ [14] w.c. uiirﬂ"” jum jﬂm “Pfjj?.(j
151 A LS LN QP56
ne. [Z] 3] we " R23 ’ﬁl ﬁ@
BALANCE [3] [12] BALANCE " > anag e
Py 405 eong ™N
IN- E:D‘LE v+ 3 A H
N+ [5 [10] ouTtpuT
v- [E] 9] w.c. o
ne. 3] 3 ne L1 Hoen aN23
QP30 N20
QN5 HN N
HA2-2541 (TO-8 METAL CAN) oﬁl";gﬂz\}o -I‘\L QU
TOP VIEW s T s 4
T Ko
21 w
+—K onte lcz b an1o R21
ang N2 o
P54 QN |an3 anz7
R28 N
NSToy| on o
ans228 2V gy 3
N1} - Spkenaz—fanzs | anaa K anze
R1| 3R2 80shsh S s s zan T 35 3ane
R A
1| 332
v

CAUTION: Electronic devices are sensitive to electrostic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-2541

Absolute Maximum Ratings (Note 1)

Operating Temperature Range:

Voltage Between V+ and V-............cooiiiis 35V HA-2541-2......ccciiiii -550C = Tpa =+1250C
Differential Input Voltage.........ccoovverereriiiieiiiieeis 16V HA-2541-5. .. 00C = Tp =+750C
Peak Output Current.......... ....50mA  Storage Temperature Range ........ -650C = T = +1500C
Continuous Output CUFTeNt.........cc.co.ooviierneen. 28mArms  Maximum Junction Temperature (Note 11).......... +1750C
Electrical Specifications vgyppLy = 15 Volts; R = 2k}, C|_ < 10pF, Unless Otherwise Specified
HA-2541-2 HA-2541-5
-550C to +1250C 00C to +750C
PARAMETER TEMP | MIN | TYP I MAX MIN | TYP | MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 0.8 2 1 2 mV
Full 6 6 mV
Average Offset Voltage Drift Full 9 9 uv/oC
Bias Current +250C 11 25 1 25 UA
Full 30 30 HA
Average Bias Current Drift Full 85 85 nA/0C
Offset Current +250C 1 7 1 7 LA
) Full 9 9 LA
Input Resistance +250C 100 100 kQ
Input Capacitance +250C 1 1 pF
Common Mode Range Full +10 11 +10 11 \"
Input Noise Voltage (f = 1kHz, Rg =0Q) | +250C 10 10 nV/v/Hz
Input Noise Current (f = 1kHz, Rg = 0Q) | +250C 4 4 pA/\/Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C | 10k 16k 10k 16k V/V
Full 5k 5k V/V
Common-Mode Rejection Ratio (Note 5) Full 70 90 70 90 dB
Minimum Stable Gain +250C 1 1 V/V
Unity Gain-Bandwidth (Note 6) +250C 40 40 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 4) Full +10 +11 +10 11 \
Output Current (Note 4) +250C | +10 +15 +10 +15 mA
Output Resistance +250C 2 2 Q
Full Power Bandwidth (Note 3 & 7) +250C 3 4 3 4 MHz
Differential Gain (Note 2) +250C 0.1 0.1 %
Differential Phase (Note 2) +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 | 200 250 200 250 V/us
Settling Time:
10V Step to 0.1% +250C 90 90 ns
10V Step to 0.01% +250C 175 175 ns
POWER REQUIREMENTS
Supply Current +250C 29 29 mA
Full 40 40 mA
Power Supply Rejection Ratio (Note 9) Full 70 80 70 78 dB
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HA-2541

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. Differential Gain and Phase are measured with a 1 Volt differential
voltage at 5MHz.

8. Refer to Test Circuits section of this data sheet.

9. VguppLy = £5VDC to £15VDC

10. VN = 1VRMs: = 10kHz; Ay = 10

11. This value assumes a no load condition: Maximum power dissi-

pation with load conditions must be designed to maintain the maxi-
mum junction temperature below +1759C. By using Application

3. Vo =%£10V Note 556 on Safe Operating Area equations, along with the
4. RL = 1kQ packaging thermal resistances listed in the Die Characteristics
5. Vom = =10V section, proper load conditions can be determined. Heat sinking is
(o] i .
6. Vo = 90mV. recommended above +750C with suggested medels:
i 14 Lead Ceramic DIP:
7. Full Power Bandwidth guaranteed based on sle
Y wiath g S ot W Thermalloy #6007 or AAVID #5602B (fg5 = 169C/W).
rate measurement using FPBW = ———— 12 Lead Metal Can (TO-8):
2mVpEAK Thermalloy #2240A (854 = 270C/W) or #2268B (655 = 249C/W)
Test Circuits
TEST CIRCUIT
VIN

o———RN

Vout

2kS2 Vg = £15V

LARGE SIGNAL RESPONSE
Vertical Scale (Volts:
Horizontal Scale (Time:

5V/Div.)
50ns/Div.)

ViN

Ay =+1
= CL < 10pF

SMALL SIGNAL RESPONSE
Vertical Scale (Volts: 100mV/Div.)

Horizontal Scale (Time: 50ns/Div.)

VIN

PROPAGATION DELAY

Vertical Scale (Volts:
Horizontal Scale (Time:

100mV/Div.)
5ns/Div.)

Vg = £15V, R = 1k}

T =+250C

Propagation delay variance is negligible
over full temperature range.
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Test Circuits (Continued)
SETTLING TIME TEST CIRCUIT
O

5k$2 5k2
VWA
2k
VIN k2
Vout
O

* Ay=-1

e Feedback and Summing Resistors Must Be Matched (0.1%)
® HP5082-2810 Clipping Diodes Recommended

e Tektronix P6201 FET Probe Used At Settling Point.

SETTLING POINT

Suggested Offset Voltage Adjustment

Tested Offset Adjustment Range is | Vog *1mV | minimum
referred to output. Typical range is ®:15mV with R = 5k(L.

Typical Performance Curves
INPUT RESISTANCE vs. FREQUENCY

OFFSET VOLTAGE DRIFT WITH TEMPERATURE
Of 6 Representative Units
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B S=sssiamS s
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NOISE DENSITY vs. FREQUENCY BIAS CURRENT DRIFT WITH TEMPERATURE
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g s EWT
g £ £ N
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o
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HA-2541

Typical Performance Curves (Continued)

OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE
At Various Temperatures
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Typical Performance Curves (Continued)
REJECTION RATIOS vs. FREQUENCY

+/— OPEN LOOP GAIN vs. SUPPLY VOLTAGE
Average of 3 Lots Over Temperature
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HA-2541

Applications (Also See Application Note 550)

2N5886

APPLICATION 1.

APPLICATION 1

High power amplifiers and buffers are in use in a wide
variety of applications. Many times the “high power”
capability is needed to drive large capacitive loads as well
as low value resistive loads. In both cases the final driver
stage is usually a power transistor of some type, but
because of their inherently low gain, several stages of pre-
drivers are often required. The HA-2541, with its T0mA
output rating, is powerful enough to drive a power transis-
tor without additional stages of current amplification.

APPLICATION 2
Video

One of the primary uses of the HA-2541 is in the area of
video applications. These applications include signal
construction, synchronization addition and removal, as
well as signal modification. A wide bandwidth device such
as the HA-2541 is well suited for use in this class of
amplifier.  This, however, is a more involved group of
applications than ordinary amplifier applications since
video signals contain precise DC levels which must be
retained.

The addition of a clamping circuit restores D.C. levels at
the output of an amplifier stage. The circuit shown in Ap-
plication 2 utilizes the HA-5320 sample and hold amplifier
as the D.C. clamp. Also shown is a 3.57MHz trap in series,
which will block the color burst portion of the video signal
and allow the D.C. level to be amplified and restored.

-
J

Jun—.

nms&? 0 % .I_
[1]

LOAD 16 ﬁ“ EDﬂﬂnF

)25“ EﬂﬂBpF

DRIVING POWER TRANSISTORS TO GAIN ADDITIONAL CURRENT BOOSTING

This capability is well demonstrated with the high power
buffer circuit in Application 1.

The HA-2541 acts as the pre-driver to the output power
transistor. Together, they form a unity gain buffer with the
ability to drive three 50 ohm coaxial cables in parallel,
each with a capacitance of 2000pF. The total combined
load is 16.6 ohms and 6000pF capacitance.

HA-5320

35TMHz |
AP 4
St

APPLICATION 2. VIDEO D.C. RESTORER

Die Characteristics
Transistor Count
Die Dimensions

(2250um x 1990um x 485um)
Substrate Potential (Powered Up)*

Process: High Frequency Bipolar

Dielectric Isolation

Passivation ........ccooviieiiiiiii Silox
Thermal Constants (9C/W) bja bjc
Ceramic DIP 91 35
Metal Can 66 30

*The substrate may be left floating (Insulating Die Mount) or it may be
mounted on a conductor at V- potential.
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HA-2542

Wideband, High Slew Rate, High Output
Current Operational Amplifier
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Features
® Stable at Gains of 2 or Greater

Applications
® Pulse and Video Amplifiers

e Gain Bandwidth 70MHz * Wideband Amplifiers

e High Slew Rate (Min.) ..300V/us e Coaxial Cable Drivers

o High Qutput Current (Min.) .....ccccevervierncrinnnnns 100mA e Fast Sample-Hold Circuits
¢ Power Bandwidth (Typ.) 5.5MHz e High Frequency Signal -

e Output Voltage Swing (Min.)....cccccveerereveeriunnnens +10vV Conditioning Circuits

® Monolithic Bipolar Dielectric Isolation Construction
Description

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

Utilizing the advantages of the Harris D. I. technology this
amplifier offers 350V/us slew rate, 70MHz gain bandwidth,
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.

The capabilities of the HA-2542 are ideally suited for high
speed coaxial cable driver circuits where low gain and
high output drive requirements are necessary. 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 amplifiersand
fast sample-hold circuits.

The HA-2542 is available in ceramic or plastic 14 lead DIP
packages, or a 12 lead metal can (TO-8) which is pin
compatible with the HA-2541, HA-5190, LH0032 and
HOS-050C. The HA-2542-2 is specified over the -550C to
+1250C temperature range and is also offered as a military
part. The HA-2542-5 is specified over the commercial
temperature range of 00C to 750C.

For more information on the HA-2542, please refer to
Application Note 552 (Using The HA-2542), or
Application Note 556 (Thermal Safe-Operating-Areas For
High Current Op Amps).

OP AMPs &
COMPARATORS

Pinouts 1 »542 (ceramic oip) Schematic |
HA3-2542 (PLASTIC DIP) ;
TOP VIEW ‘
. Oav “
ne. 19 1N Bim mam | g !
N.C. 25 13 BALANCE arue Jars Jars Jos wn |
BALANCE 3 12 COMPENSATION NN NN |
IN- 4] 1M v+ .
IN+ 5[] 10 OUTPUT s Jam ~ ’
V- 6] 9 N.C. L 1§ s ‘
N.c. 70 8 N.C. _ s
a2 N
0 T O oureer
.—O

HA2-2542 (TO-8 METAL CAN)
TOP VIEW

come ars

o e
ane L
o. 3T s aws
- anze \‘
ON.C P o |
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VCASE = V-

ol Lo oz e

A1 R2 5R27 SRISA2E 5 R4 R1$ R17 RE R13 '}RH
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CAUTION:

Electronic devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.
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Specifications HA-2542

Absolute Maximum Ratings (Note 1)
Voltage between V+ and V- Terminals ...
Differential Input Voltage.................
Output Current......ccocceveieiieice s 125mA (Peak)

107mA rms (Continuous)

Operating Temperature Range:

HA-2542-2. ..-550C = Tp < +1250C
....... 00C < T < +750C
Storage Temperature Range ........ -650C < Tp < +1500C
Maximum Junction Temperature (Note 11).......... +1750C

Electrical Specifications VsyppLy = 15 Volts; R = 1k}, CL < 10pF, Unless Otherwise Specified.

HA-2542-2 HA-2542-5
-550C to +1250C 00C to +750C
PARAMETER TEMP | MIN ] TYP I MAX | MIN | TYP | MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 5 10 5 10 mV
Full 8 20 8 20 mV
Average Offset Voltage Drift Full 14 14 uV/oC
Bias Current +250C 15 35 15 35 UA
Full 26 50 26 50 YA
Average Bias Current Drift Full 66 45 nA/0C
Offset Current +250C 1 7 1 7 UA
Full 9 9 MA
Input Resistance +250C 100 100 kQ
Input Capacitance +250C 1 1 pF
Common Mode Range Full +10 +10 Vv
Input Noise Voltage (0.1Hz to 100Hz) +250C 2.2 2.2 MWVp-p
Input Noise Voltage Density
(fo = 1kHz, Rg = 0Q) +250C 10 10 nV/y/Hz
Input Noise Current Density
(fo = 1kHz, Rg = 00)) +250C 3 3 pA/V Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Note 3) +250C | 10k 30k 10k 30k V/V
Full 5k 15k 5k 20k V/V
Common-Mode Rejection Ratio (Note 4) Full 70 100 70 100 dB
Minimum Stable Gain +250C 2 2 V/V
Gain-Bandwidth-Product (Note 5) +250C 70 70 MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) Full +10 +11 +10 11 \"
Output Current (Note 6) +250C | 100 100 mA
Output Resistance +250C 5 5 0
Full Power Bandwidth (Note 3 & 7) +250C | 4.7 55 4.7 5.5 MHz
Differential Gain (Note 2) +250C 0.1 0.1 %
Differential Phase (Note 2) +250C 0.2 0.2 Degrees
Harmonic Distortion (Note 10) +250C <0.04 <0.04 %
TRANSIENT RESPONSE (Note 8)
Rise Time +250C 4 4 ns
Overshoot +250C 25 25 %
Slew Rate +250C | 300 350 300 350 V/us
Settling Time:
10V Step to 0.1% +250C 100 100 ns
10V Step to 0.01% +250C 200 200 ns
POWER REQUIREMENTS
Supply Current +250C 30 30 mA
Full 31 34.5 31 40 mA
Power Supply Rejection Ratio (Note 9) Full 70 79 70 79 dB
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NOTES:
1. Absolute maximum ratings are limiting values, applied individually, 8. Refer to Test Circuits section of this data sheet.
beyond which the serviceability of the circuit may be impaired. 9. VguppLY = ¥5VDC to £15VDC

Functional operability under any of these conditions is not _
L VIN = = ; =10.
necessarily implied. 10- VIN = 1VRMS; 1= 10kHz; Ay = 10
2. Differential gain and phase are measured at 5MHz with a 1 Volt differ-
ential input voltage.

11. This value assumes a no load condition: Maximum power dissi-
pation with load conditions must be designed to maintain the maxi-
mum junction temperature below +1759C. By using Application

3. R =1kQ, Vg = 10V Note 556 on Safe Operating Area equations, along with the
4. Vom = 10V packaging thermal resistances listed in the Die Characteristics
5. AycL = 100 section, proper load conditions can be determined. Heat sinking is
0C wi .
6. R =500, Vg = 5V recommended above +750C with suggested models:
. 14 Lead Ceramic DIP:
7. Full Power Bandwidth guaranteed zalzed;;r::'ew Thermalloy #6007 or AAVID #5602B (6, = 169C/W).
W
rate measurement using FPBW = ————— 12 Lead Metal Can (TO-8):
2mMVpPEAK Thermalloy #2240A (g5 = 270C/W) or #2268B (654 = 240C/W)
Test Circuits TEST CIRCUIT
Vout
Vg = +15V
Ay = +2
CL < 10pF
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
Vertical Scale (Volts: V|N = 2.0V/Div., Vertical Scale (Volts:  100mV/Div.)
VOUT = 5.0V/Div.) Horizontal Scale (Time: 50ns/Div.)

Horizontal Scale (Time: 200ns/Div.)

VIN

Vout §

TIME DELAY
Vertical Scale (Volts: 100mV/Div.)
Horizontal Scale (Time: 10ns/Div.)

Vg = 15V, R = 1k

T =+250C

Propagation delay variance is negligible
over full temperature range.

HA-2542
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Test Circuits (Continued)
SETTLING TIME TEST CIRCUIT

o
SETTLING
POINT
2.5k 5kQ2
A4
5002
o——A
Vin —————O0
Vout
=
® Ay =-2

Feedback and summing resistors must be matched (0.1%)
HP5082-2810 clipping diodes recommended

Tektronix P6201 FET probe used at settling point

For 0.01% settliing time, heat sinking is suggested to reduce thermal
effects and an analog ground plane with supply decoupling is
suggested to minimize ground loop errors.

SUGGESTED OFFSET VOLTAGE ADJUSTMENT

Suggested compensation scheme 5-20pF

Tested Offset Adjustment Range is |Vog +1mV | minimum
referred to output. Typical range is +20mV with Ry = 5kQ.

Typical Performance Curves

INPUT NOISE VOLTAGE AND INPUT NOISE CURRENT
vs. FREQUENCY
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Typical Performance Curves (Continued)

BIAS CURRENT vs. POWER SUPPLY
Six Units At Various Supplies At +250C
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HA-2542

Typical Performance Curves (Continued)

GAIN (dB)

OUTPUT VOLTAGE SWING (V)

OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE
At Various Temperatures

NORMALIZED AC PARAMETERS vs.
COMPENSATION CAPACITANCE
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Dije Characteristics

TransistorCount ..... ... i 43
DieDimensions ...................... 72 x 105 x 19 mils
(1820um x 2670um x 485um)
Substrate Potential* ........ ... . ... i V-
Process..........coviiiintn High Frequency Bipolar-DI
Passivation ....... ... o i Nitride
Thermal Constants (O0C/W) ja Oic
HA1-2542 Ceramic DIP 86.6 325
HA3-2542 Plastic DIP 78.8 30.6
HA2-2542 Metal Can 58 29

*The substrate may be left floating (Insulating Die Mount) or it may be
mounted on a conductor at V- potential.

Typical Applications (Reter to Application Note 552 for Further Information)

The Harris HA-2542 is a state of the art monolithic device
which also approaches the “ALL-IN-ONE” amplifier con-
cept. This device features an outstanding set of AC para-
meters augmented by excellent output drive capability
providing for suitable application in both high speed and
high output drive circuits.

Primarily intended to be used in balanced 5002 and 750

coaxial cable systems as a driver, the HA-2542 could also
be used as a power booster in audio systems as well as a
power amp in power supply circuits. This device would
also be suitable as a small DC motor driver.

The applications shown on the following page demon-
strate the HA-2542 at gains of +100 and +2 and as a video
cable driver for small signals.

Prototyping Guidelines

For best overall performance in any application, it is rec-
ommended that high frequency layout techniques be
used. This should include: 1) mounting the device
through a ground plane: 2) connecting unused pins (N.C.)
to the ground plane: 3) mounting feedback componenis
on Teflon standoffs and/or locating these components as

close to the device as possible; 4) placing power supply
decoupling capacitors from device supply pins to ground.

As a result of speed and bandwidth optimization, the
HA-2542 can’s case potential, when powered-up, is equal
to the V- potential. Therefore, contact with other circuitry
or ground should be avoided.

Frequency Compensation

The HA-2542 may be externally compensated with a
single capacitor to ground. This provides the user the ad-
ditional flexibility in tailoring the frequency response of
the ampilifier. A guideline to the response is demonstrated
on the typiical performance curve showing the normal-
ized A.C. parameters versus compensation capacitance.
It is suggested that the user check and tailor the accurate
compensation value for each application. As shown addi-
tional phase margin is achieved at the loss of slew rate and
bandwidth.

For example, for a voltage gain of +2 (or -1) and a load of
500pF/2k(), 20pF is needed for compensation to give a
small signal bandwidth of 30MHz with 400 of phase mar-
gin. If a full power output voltage of £10V is needed, this
same configuration will provide a bandwidth of 5MHz and
a slew rate of 200V/us.

If maximum bandwidth is desired and no compensation
is needed, care must be given to minimize parasitic
capacitance at the compensation pin. In some cases
where minimum gain applications are desired, bending
up or totally removing this pin may be the solution. In this
case, care must also be given to minimize load
capacitance.

For wideband positive unity gain applications, the
HA-2542 can also be over-compensated with capacitance
greater than 30pF ‘to achieve bandwidths of around
25MHz. This over-compensation will also improve
capacitive load handling or lower the noise bandwidth.
This versatility along with the £100mA output current
makes the HA-2542 an excellent high speed driver for
many power applications.
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Typical Applications

NONINVERTING CIRCUIT (AycL = 100) FREQUENCY (0dB) = 44.9MHz
PHASE MARGIN (0dB) = 400
(dB) e —— .

40 §
ouT 30 (EEEHE
20
10 §
0 00
-450
-900
-1350
-1800
AVcL = 100 PHASE AND GAIN
NONINVERTING CIRCUIT (AycL = 2) FREQUENCY (3dB) = 56MHz
PHASE (3dB) = 400
(dB) » ¥ A s
INO— + 8
ouT 6
4 8
50() 2
0 00
i 450
5002 2 -900
it -1350
= -1800

AVcL = 2 PHASE AND GAIN

VIDEO CABLE DRIVER (AVgL = 2)

VIDEO CABLE DRIVER PULSE RESPONSE
(1V/Div.; 100ns/Div.)
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HA-2544

Video Operational Amplifier

Features

e GainBandwidth ............................ 50MHz
e HighSlewRate ..................ccovvventn 150V/us
e LowSupplyCurrent ...........c.coiiiiiinnnn. 10mA
* Differential GainError ..................... <0.05dB
® Differential PhaseError................ <0.1 degree
® Gain Toleranceat5MHz ................... <0.15dB
Description

The HA-2544 is a fast, unity gain stable, monolithic op amp
designed to meet the needs required for accurate
reproduction of video or high speed signals. It offers
high voltage gain (6kV/V) and high phase margin
(65 degrees) while maintaining tight gain tolerance over the
video bandwidth. Built from high quality Dielectric Isolation,
the HA-2544 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 primary features of the HA-2544 include 50MHz Gain
Bandwidth, 150V/ps slew rate, < 0.05dB differential gain
error and gain tolerance of just 0.15dB at 5MHz. High per-
formance and low power requirements are met with a supply
current of only 10mA.

Applications

® Video Systems

® Video Test Equipment

* Radar Displays

* Imaging Systems

® Pulse Amplifiers

® Signal Conditioning Circuits
® Data Acquisition Systems

Uses of the HA-2544 range from video test equipment
guidance systems, radar displays and other precise
imaging systems where stringent gain and phase require-
ments have previously been met with costly hybrids and
discrete circuitry. The HA-2544 will also be used in non-
video systems requiring high speed signal conditioning
such as data acquisition systems, medical electronics,
specialized instrumentation and communication systems.

The HA-2544-2 is guaranteed over the military temperature
range (-550C to +1250C); the HA-2544-5 and the
HA-2544C-5 over the commercial temperature range (0°C
to +750C). The HA-2544 is available in TO-99 Metal Can,
and both Plastic and Ceramic Mini-DIP packages. Military
(/883) product and data sheets are available upon request.

Pinouts
HA7-2544 (CERAMIC MINI-DIP)
HA3-2544/2544C (PLASTIC MINI-DIP)
TOP VIEW

\J

8] n.c.
7] v
6] out

[5] BALANCE

BALANCE [1]
IN- [2]
IN+ [j
v

HA2-2544 (TO-99 METAL CAN)
TOP VIEW

NOTE: Vgask = V-

Schematic

) 1 v
e are

0P8

aps?

%0
$—O 0uTPUT

33
384

e
apss

NSy _poams N0
5N 15N I

unss.Jnnsol/ ant oy S

SKQ 2 5Kal A A3
Ma’}my?"” '} ",\% ?
v

Tl

PAN

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.
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Specifications HA-2544

Absolute Maximum Ratings (Note 1)

Voltage Between V+andV-Terminals .....................
Differential Input Voltage (Note 11) .. ... ...t +6V

Output Current (Peak) ...t +40mA
Internal Power Dissipation ............................ 700mW
Maximum Junction Temperature. ...................... +175°C

Operating Temperature Range

0°C <Tp <+75°C
...... 00C <Tp <+75°C
...=-559C < Tp <+1250C
............. -650C < Tp < +150°C

HA-2544-5
HA-2544-2
Storage Temperature Range

Electrical Specifications vg =15V, C| < 10pF, R = 1k, Unless Otherwise Specified.

HA-2544-2/-5 HA-2544C-5
PARAMETER TEMP | MIN I TYP I MAX | MIN ] TYP I MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C - 6 15 - 15 25 mV
Full - - 20 - - 40 mV
Average Offset Voltage Drift (Note 9) Full - 10 - - 10 - uv/°c
Bias Current +250C - 7 15 - 18 uA
Full - - 20 - - 30 pA
Average Bias Current Drift (Note 9) Full - 0.04 - - 0.04 - wA/OC
Offset Current +250C - 0.2 2 - 0.8 pA
Full - - 3 - - 3 pA
Offset Current Drift Full - 10 - - 10 - nA/°C
Common Mode Range Full +10 +11.5 - +10 +11.5 - Vv
Differential Input Resistance +250C 50 90 - 50 90 - kQ
Differential Input Capacitance +250C - 3 - - 3 - pF
Input Noise Voltage (f = 1kHz) +250C - 20 - - 20 - nV/\/m
Input Noise Current (f = 1kHz) +250C - 24 - - 24 - pA//Hz
Input Noise Voltage
0.1Hz to 10Hz (Note 9) +259C - 15 - - 15 - uVp-p
0.1Hz to 1MHz +250C - 4.6 - - 4.6 - uvrm.s.
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 4, 9) +250C 3.5 6 - 3 6 - kV/V
Full 25 - - 2 - - kV/V
Common Mode Rejection Ratio (Notes 6, 9) Full 75 89 - 70 89 - dB
Minimum Stable Gain +250C +1 - - +1 - - 4%
Unity Gain Bandwidth (Notes 3, 9) +250C - 45 - - 45 - MHz
Gain Bandwidth Product (Notes 3, 9) +250C - 50 - - 50 - MHz
Phase Margin +250C - 65 - - 65 - Degrees

2-64




Specifications HA-2544

Electrical Specifications (Continued)

HA-2544-2/-5 HA-2544C-5
PARAMETER TEMP [ MIN I TYP | MAX | MIN l TYP ' max | units

OUTPUT CHARACTERISTICS
Output Voltage Swing Full +10 +11 - +10 +11 - \Y
Full Power Bandwidth (Note 7) +250C 3.2 4.2 - 3.2 4.2 - MHz
Peak Output Current (Notes 9, 10) +250C +25 +35 - +25 +35 - mA
Continuous Output Current (Notes 9, 10) +250C +10 - - +10 - - mA
Output Resistance (Open Loop) +250C - 20 - - 20 - Q
TRANSIENT RESPONSE
Rise Time (Note 3) +250C - 7 - - 7 - ns
Overshoot (Note 3) +250C - 10 - - 10 - %
Slew Rate +250C 100 150 - 100 150 - V/us
Settling Time (Note 5) +250C - 120 - - 120 - ns
VIDEO PARAMETERS Rg=502, R| =1k (Notes2,10)
Differential Phase (Note 2,12)

Rg = 500 +250C - 0.05 0.11 . 0.05 0.1 Degree

Rg = 1kQ2 +250C - 04 - - 0.4 - Degree
Differential Gain (Note 2,12, 14) -

Rg =500 +250C - 0.02 0.04 - 0.02 0.04 dB

Rg = 5002 +250C - 0.23 0.46 - 0.23 0.46 %

Rg = 1kQ +250C - 0.15 - - 0.15 - dB

Rg = 1kQ2 +250C - 17 - - 17 - %
Gain Tolerance (Note 2, 3)

5MHz +250C - -0.10 | *0.15 - -0.10 | +0.15 dB

10MHz +250C - -0.12 | *+0.35 - -0.12 | +0.35 dB
Chrominance to Luminance Gain (Note 13) +250C - 0.1 - - 0.1 - dB
Chrominance to Luminance Delay (Note 13) +250C - 7 - - 7 - ns
POWER SUPPLY CHARACTERISTICS
Supply Current Full - 10 12 - 10 15 mA
Power Supply Rejection Ratio (Notes 8, 9) Full 70 80 - 70 80 - dB

NOTES:

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. Guaranteed by sample test and not 100% tested.

3. Voyrt = £100mV. For Rise Time and Overshoot testing, Voyt is meas-
ured from O to +200mV and O to -200mV.

Vouyr =5V
Settling Time is specified to 0.1% of final value for a 10V step and
Ay = -1

6. AVgm = 10V

7. Full Power Bandwidth is guaranteed by equation:

Full Power Bandwidth = _SIEW_R_aE. (Vpeak used = 5V)
2n Vpeak

13.

o
»

AVg = £10 to £20V
Refer to typical performance curve in Data Sheet.
The video parameter specifications will degrade as the output load
resistance decreases.
To achieve optimum AC performance, the input stage was designed
without protective diode clamps. Exceeding the maximum differential
input voltage results in reverse breakdown of the base-emitter junction
of the input transistors and probable degradation of the input
parameters especially Vog, I0g and Noise.
Test signal used is £200mV at 5MHz on a 0 and 1 Volt offset. For ada-
quate test repeatability, a minimum warm-up of 2 minutes is suggested.
C-L Gain and C-L Delay was less than the resolution of the test
equipment used which is 0.1dB and 7ns, respectively.

Ap(dB)

Apoe)=[10 2° -1]x100
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HA-2544

Test Circuits

TRANSIENT RESPONSE
Vg = £15V
+Vg Ay = +1
Rg = 50 or 750, (Optional)
RL = 1kQ
Rs C < 10pF

VIN O——AAA—]

+

V)N for Large Signal = £5V
V|N for Small Signal = 0 to +200mV
and 0 to -200mV

LARGE SIGNAL RESPONSE
Vout = 0 to. +10V

Vertical Scale: (ViN = 5V/Div.; VoyuT = 2V/Div.)
(100ns/Div.)

Horizontal Scale:

Vin

Vout

SETTLING TIME TEST CIRCUIT

O
SETTLING POINT

5k

5k§2

2k2

VIN 2k

Vout

Ay =-1

Feedback and Summing Resistors Must Be Matched (0.1%)
HP5082-2810 Clipping Diodes Recommended.

Tektronix P6201 FET Probe Used At Settling Point.

CpL R
SMALL SIGNAL RESPONSE
Vourt = 0 to +200mV
Vertical Scale: (V|N = 100mV/Div.; VoyT = 100mV/Div.)

Horizontal Scale:

(100ns/Div.)

VIN

VouTt

OFFSET VOLTAGE ADJUSTMENT

NC v+ OuT |BAL
8] [7] 6] [5

Tested Offset Adjustment Range Is | Vog +1mV | Minimum Referred
To Output. Typical Range For Ry = 20kQ2 Is Approximately +30mV
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Typical Performance Curves

INPUT NOISE VOLTAGE AND INPUT OFFSET VOLTAGE vs.TEMPERATURE
NOISE CURRENT vs. FREQUENCY 3 Typical Units
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PSRR and CMRR vs. TEMPERATURE
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HA-2544

Typical Performance Curves (Continued)

OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE
(Over Full Temperature)

FREQUENCY RESPONSE AT VARIOUS GAINS
Rs = 1kQ, R = 1k, Vg = +15V
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HA-2544

Typical Video Performance

A.C. GAIN VARIATION vs. D.C. OFFSET LEVELS
(Differential Gain)

0.004
= 0.003
'E 0.002
< 000
75‘ 0
£ -0.001 g
& -0.002 N
E -0.003 f=358& 5.00$1 \
a
-0.004
-0.005
-0.006
0 1 2 3 4 5
D.C. VOLTAGE LEVEL
DIFFERENTIAL GAIN
NTSC Method, R = 1kQ
Differential Gain < 0.05% at Tp = +750C
No Visual Difference at Tp = -559C or +1250C
GAIN TOLERANCE
Ay = +1, V|N = £100mV
RL = 1K, C_ < 10pF
0.15
= 01
w 0.05
o
g
= 0
w
S -0.05 ™
c N
=
R Al
-]
-0.15
-0.20 \‘
100 1K 10K 100K ™ 1M 100M

FREQUENCY (Hz)

INPUT

ouTPUT

PHASE CHANGE (DEGREES)

A.C. PHASE VARIATION vs. D.C. OFFSET LEVELS
(Differential Phase)

0.200 I
0.150
0.100 SYSTEM ALONE |
0.050 e

0 !
-0.050 1= 3.58MHz

~J
-0.100 ! S
/
-0.150}—— f=5.00MHz
-0.200 \‘\
-0.250 ~
-0.300
0 1 2 3 4 5

D.C. VOLTAGE LEVEL

DIFFERENTIAL PHASE

NTSC Method, R = 1kQ
Differential Phase < 0.05 Degree at Tp = +75°C
No Visual Difference at Tp = -55°C or +1250C

CHROMINANCE TO LUMINANCE DELAY
NTSC Method, R = 1kQ
C-L Delay < 7ns at Tp = +750C
No Visual Difference at Tp = -550C or +1250C

Vertical Scale: Input = 100mV/Div.
Output = 50mV/Div.
Horizontal Scale: 500ns/Div.
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HA-2544

Typical Video Performance Curves (Continued)

+2 VOLT OUTPUT SWING
With R oAD = 75 (frequency = 5.00MHz)
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Applications And Product Guidelines

The HA-2544 is a true differential op amp that is as versatile
as any op amp but offers the advantages of high unity gain
bandwidth, high speed and low supply current. More
important than its’ general purpose applications is that the
HA-2544 was especially designed to meet the requirements
found in a video amplifier system. These requirements
include fine picture resolution and accurate color rendition,
and must meet broadcast quality standards.

In a video signal, the video information is carried in the
amplitude and phase as well as in the D.C. level. The
amplifier must pass the 30Hz line rate luminance level and
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without
altering phase or gain. The HA-2544’s key specifications
aimed at meeting this include high bandwidth (50MHz), very
low gain tolerance (<+0.15dB at 5MHz), near unmeasura-
ble differential gain and differential phase (<0.04dB and
0.11 degrees), and low noise (20nV/\/-I-Tz-). The HA-2544
meets these quidelines and are sample tested for standard
grade product (/883, -2, -7, -5) at 5 and/or 10MHz. If a cus-
tomer wishes to 100% test these specifications,
arrangement can be made.

The HA-2544 also offers the advantage of a full output volt-
age swing of £10V into a 1K ohm load. This equates to a full
power bandwidth of 2.4MHz for this =10V signal. If video
signal levels of £2V maximum is used (with R = 1K ohm),
the full power bandwidth would be 11.9MHz without
clipping distortion. Another usage might be required for a
direct 50 ohm or 75 ohm load where the HA-2544 will still
swing this £2V signal as shown in the above display. One
important note that must be realized is that as load
resistance decreases the video parameters are also
degraded. For optimal video performance a 1kQ load is
recommended.

If lower supply voltage are required, such as £5V, many of
the characterization curves indicate where the parameters
vary. As shown the bandwidth, slew rate and supply current
are still very well maintained.

Prototyping and PC Board Layout

When designing with the HA-2544 video op amp as with
any high performance device, care should be taken to use

high frequency layout techniques to avoid unwanted
parasitic effects. Short lead lengths, low source impedance
and lower value feedback resistors help reduce unwanted
poles or zeros. This layout would also include ground plane
construction and power supply decoupling as close to the
supply pins with suggested parallel capacitors of 0.1uF
and .001pF ceramic to ground.

In the noninverting configuration, the amplifier is sensitive to
stray capacitance (<40pF) to ground at the inverting input.
Therefore, the inverting node connections should be kept to
a minimum. Phase shift will also be introduced as load
parasitic capacitance is increased. A small series resistor
(20 ohm to 100 ohm) before the capacitance effectively
decouples this effect.

Stability/Phase Margin/Compensation

The HA-2544 has not sacrificed unity gain stability in
achieving its superb AC performance. For this device, the
phase margin exceeds 60 degrees at the unity crossing
point of the open loop frequency response. Large phase
margin is critical in order to reduce the differential phase
and differential gain errors caused by most other op amps.
Because this part is unity gain stable, no compensation pin
is brought out. If compensation is desired to reduce the
noise bandwidth, most standard methods may be used.
One method suggested for an inverting scheme would be a
series R-C from the inverting node to ground which will
reduce bandwidth, but not effect slew rate. If the user
wishes to achieve even higher bandwidth (>50MHz), and
can tolerate some slight gain peaking and lower phase
margin, experimenting with various load capacitance can
be done.

Shown in Application 1 is an excellent Differential Input,
Unity Gain Buffer which also will terminate a cable to 75
ohm and reject common-mode voltages. Application 2 is a
method of separating a video signal up into the Sync. only
signal and the Video and Blanking signal. Application 3
shows the HA-2544 being used as a 100kHz High Pass
2-Pole Butterworth Filter. Also shown is the measured
frequency response curves.
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HA-2544

Typical Application

APPLICATION 1
750 Differential Input Buffer

SHIELDED
CABLE

1.21K

Application 3
100kHz High Pass 2-Pole Butterworth Filter

21K
750pF 750pF
INPUT C
21K OUTPUT
HA-2544

1
fo= ——————
2x1(2.1K-750pF)

ATTENUATION (dB)

APPLICATION 2
Composite Video Sync. Separator

1K _ SYNC ONLY
1K IN5711
O— MWW~
COMPOSITE
VIDEQ IN5711

VIDEO AND BLANK

Measured Frequency Response of Application 3

0
anllill
-20 T T
0 A 0 = 105.3KHz
/
-60 d
» /
-100
N
A
N
N
\h.
N
H'\
10 100 1K 10K 100K ™ 1om

FREQUENCY (Hz)

PHASE
+180

+135
+90
+45

Dije Characteristics

Transistor Count
Die Dimensions

Substrate Potential* ....... ... ... .. e, V-
Process .........ooueiinnnnnn High Frequency Bipolar D.I.
Passivation ...t Nitride
Thermal Constants (9C/W) ja Oic
Metal Can TO-99, HA2-2544 186 50
Plastic Mini-DIP, HA3-2544/2544C 80 20
Ceramic Mini-DIP, HA7-2544 185 98

*The substrate may be left floating (Insulating Die Mount) or it may be
mounted on a conductor at V- potential.
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3 HARRIS

HA-2600/02/05

Wideband, High Impedance
Operational Amplifiers

Features

e WideBandwidth ................cccviinnn 12MHz
® High Inputimpedance ...................... 500M
e lowlinputBiasCurrent ............cccvvvvinnnn 1nA
e Low InputOffsetCurrent ...................... 1nA
® Low Input Offset Voltage .................... 0.5mV
CHIghGaIN .......coiiiiiieiiiiieninennns 150kV/V
e HighSlewRate ..............ooiiiiieinnnnnnns 7V/us

e Output Short Circuit Protection
* Unity Gain Stable

Description

HA-2600/2602/2605 are internally compensated bipolar
operational amplifiers that feature very high input imped-
ance (500MQ, HA-2600) coupled with wideband AC
performance. The high resistance of the input stage is com-
plemented by low offset voltage (0.5mV, HA-2600) and low
bias and offset current (1nA, HA«2600) to facilitate accurate
signal processing. Input offset can be reduced further by
means of an external nulling potentiometer. 12MHz unity
gain-bandwidth, 7V/us slew rate and 150kV/V open-loop
gain enables HA-2600/2602/2605 to perform high-gain
amplification of fast, wideband signals. These dynamic
characteristics, coupled with fast settling times, make these
amplifiers ideally suited to pulse amplification designs as
well as high frequency (e.g. video) applications. The
frequency response of the amplifier can be tailored to exact

Applications

e Video Amplifier

® Puise Amplifier

e Audio Amplifiers and Filters
* High-Q Active Filters

e High-Speed Comparators

e Low Distortion Oscillators

design requirements by means of an external bandwidth
control capacitor.

In addition to its application in pulse and video amplifier
designs, HA-2600/2602/2605 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. For more information,
please refer to Application Note 515.

The HA-2600 and HA-2602 have guaranteed operation
from -550C to +1250C and are available in Metal Can and
Ceramic Mini-DIP packages. Both are offered as /883
Military Grade; product and data sheets are available upon
request. The HA-2605 has guaranteed operation from 00C
to +750C and is available in Plastic and Ceramic Mini-DIP
and Metal Can packages.

COMPENSATION
Q

J

BAL E 8] comp

Pinouts Schematic
HA7-2600/02/05 (CERAMIC MINI-DIP)
HA3-2605 (PLASTIC MINI-DIP)
TOP VIEW - "
B‘g-__ 1K 4.18K

+V

al o
16pFT  4pFT

iN- 2]
N+ [3]

N [7] v+
>-|_'E] out
+INPUT

v- E 5] BAL o

HA2-2600/02/05 (TO-99 METAL CAN)
TOP VIEW

Qs7
[r18
30
p—o ouT
ER17
_$30
me:F 4052
—
R11
4.0K|
»-Kms
49 2 aso)
051,
= C1 $R12$R133R14 R15 R16
16pF21.6K $1.6K$2.8K 800 30 v

—INPUT
[

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-2600,/02/05

|
|
|
S
Absolute Maximum Ratings (Note 13) Operating Temperature Ranges a ‘
Voltage Between V+ and V- Terminals .-550C <Tp <+1250C (@]
Differential INPUtVOREGE . .. .. ... eeeeeeeeeeenenes, Y .... 00C < Tp < +750C B \
Peak OutputCurrent ................ Full Short Circuit Protection ~ Storage Temperature Range ............. -650C < Tp <+1500C ) ‘
Internal Power Dissipation ............................ 300mW  Lead Solder Temperature (10 Seconds) ................. 2750C © |
Maximum Junction Temperature. ...................... +175°C N
1
Electrical Specifications Vg = +15V D.C., Unless Otherwise Specified. § \
HA-2600 HA-2602 HA-2605 3
-550C to +125°C -550C to +125°C 00C to +75°C
|
PARAMETER TEMP | MIN I TYP I MAX | MIN l TYP [ MAX | MIN I TYP I MAX | UNITS |
INPUT CHARACTERISTICS
Offset Voltage +250C - 0.5 4 - 3 5 - 3 5 mv
Full - 2 6 - - 7 - - 7 mV »
Average Offset Voltage Drift Full - 5 - - 5 - - 5 - uv/oC o3 8
Bias Current +250C - 1 10 - 15 25 - 5 25 nA K4 E
Full - 10 30 - - 60 - - 40 nA s
Offset Current +250C | - 1 10 - 5 | 25 - 5 25 nA N
Full - 5 30 - - 60 - - 40 nA o g
Differential Input Resistance +259C | 100 500 - 40 300 - 40 300 - MQ (3]
(Note 10)
Input Noise Voltage Density +250C - 1 - - 11 - - 1M - nV/\/Hz
fo=1kHz
Input Noise Current Density +250C - 0.16 - - 0.16 - - 0.16 - pA/\/Hz
fo=1kHz ;
Common Mode Range Full +11 +12 - +11 12 - +11 +12 - \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C |100K | 150K - 80K (150K - 80K | 150K - VIV
(Notes 1, 4) Full 70K - - 60K - - 70K - - \7A
Common Mode Rejection Ratio Full 80 100 - 74 100 - 74 100 - dB
(Note 2)
Minimum Stable Gain +250C 1 - - 1 - - 1 - - Vv
Gain Bandwidth Product (Note 3) +250C - 12 - - 12 - - 12 - MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 1) Full +10 +12 - +10 +12 - +10 +12 - \
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 (Note 8)
Rise Time (Notes 1,5,6 & 7) +250C - 30 60 - 30 60 - 30 60 ns
Overshoot (Notes1, 5,6 & 7) +25°C - 25 40 - 25 40 - 25 40 %
Slew Rate (Notes 1,5, 7 & 12) +250C +4 +7 - +4 +7 - +4 +7 - V/us
Settling Time (Notes 1, 5, & 14) +250C - 1.5 - - 15 - - 1.5 - us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C - 3 3.7 - 3 4 - 3 4 mA
Power Supply Rejection Ratio (Note 9) Full 80 90 - 74 90 - 74 90 - dB
NOTES:
1. RL=2kQ 10. This parameter value guaranteed by design calculations.
2. Vom = 10V 11.  Full Power Bandwidth guaranteed by slew rate measurement:
3. VouT < 90mV FPBW = SR./2nVpgAK.
4. VouT = +10V 12. Vour = 8V
5. CL = 100pF 13. Absolute Maximum Ratings are limiting values applied individually
6. Voyt = £200mV beyonfi which the serviceability of fhe circuit may be impaired.'Functional
7 Av=+1 operation under any of these conditions is not necessarily implied.
-V . . 14.  Settling time is characterized at Ay = -1 to 0.1% of a 10 Volt step.
8. See Transient Response Test Circuits & Waveforms.
9. AVg= %5V
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HA-2600/02/05

Typical Performance Curves Vs = %15V D.C, Ta = +250C, Unless Otherwise Specified.

INPUT BIAS CURRENT AND OFFSET CURRENT

AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS
15 S 100 v v
3 EQUIVALENT INPUT ]
- NOISE VS. BANDWIDTH
10 w 0(0
- %]
g 5 2 10
z 5
O+ OFFSET L
o
g i —T— = z
=2 =
O -5 E 1
BIAS u /
i =
d g -1
- 15 -
-850 -25 0 +25 +50 +75 +100+125 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz
o UPPER 3dB FREQUENCY
TEMPERATURE  (°C) LOWER 3dB FREQUENCY (10Hz)
OPEN LOOP FREQUENCY AND PHASE RESPONSE INPUT IMPEDANCE vs. TEMPERATURE,100Hz
@ 120
g T
Z Vg =+ 15V
Z 100 s=t — 1000
B AN _ [ TaA=+25°C __|g0 w
GAIN | ™~
g ) 20° 2 800 I
< \PHASE 2 \
= 60 BN 600 wWw b
o 2 T 600
> 40 100° 3 N
S N @ 400 N
© 20 140° = N
- \N— \
z L o 200
4 o 180
5 0
- 20

10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz -55 -35 -15 +5 425 445 +Gg +85 +105 +125
FREQUENCY (Hz) TEMPERATURE (°C)

OPEN - LOOP FREQUENCY RESPONSE FOR
VARIOUS VALUES OF CAPACITORS FROM

OUTPUT VOLTAGE SWING vs. FREQUENCY COMPENSATION PIN TO GROUND
) 20V —
R N g > -
2 1ov S 100%, | vg=+15V
* +20V SUPPLY Z < OpF Tp = +250C ]|
o | +15V S g \ NN 10pF
w \ \\f\ 30pF
Zz N ) \
2 1V /\ ﬁ 60
%) +10v 3 \i><<\1 \
3 +5V ] S SR
: t BT NN
5‘ 0.1V \ & 20— 300pF _! < N
S N 2 1000pF | \\
% g o ! BN
i T=25°C a ;
a 001V O -20
10kHz  100kHz 1MHz 10MHz 100MHz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz
FREQUENCY (Hz) FREQUENCY (Hz)

NOTE: External Compensation Components are not required for stability,
but may be added to reduce bandwidth if desired. If External Com-
pensation is used, also connect 100pF capacitor from output to
ground.
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HA-2600/02/05

Typical Performance Curves (Continued)

COMMON MODE RANGE (+ V)

8

COMMON MODE VOLTAGE RANGE
AS A FUNCTION OF SUPPLY VOLTAGE

T 1
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17

INPUT NOISE CURRENT (pA/\Hz)

10 INPUT NOISE VOLTAGE ~ 0.1
0.01
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Test Circuits

NOTE:

TRANSIENT RESPONSE SLEW RATE

! av/ar

Measured on both positive
and negative transistions
from 0 to +200mV and O to
-200mV at output.

SLEW RATE AND
TRANSIENT RESPONSE

————-o0 OouT
2k AS 100pF

v

SUGGESTED Vgg ADJUST-
MENT AND COMPENSATION
HOOK-UP

+V

IN BAL out

Tested Offset Adjustment is

IVos +1mV | minimum referred to
output. Typical range is £10mV with
Rt = 100k€2.
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HA-2600/02/05

Typical Applications

PHOTO - CURRENT TO VOLTAGE CONVERTER

5pF

oo
Vo=-R(lp+ Ig)
DIODE o

S 50pF*

%7 +6V A
us

N

FEATURES:
1. Constant cell voltage
2. Minmum bias current error

REFERENCE VOLTAGE AMPLIFIER

R2
Vo= (1+R7) VREF
——O

S 50pF*
VREF

FEATURES:
1. Minimum bias current in reference cell
2. Short circuit protection

SAMPLE - AND - HOLD
+ 5VT

MULTIPLEXER

ouT

DIGITAL CONTROL SOpF* 75

Drift rate 'bias  If C = 1000pF
C Drift = 0.01V/ms Max.

VOLTAGE FOLLOWER

+ 15V
INO——— + ouT
HA - 2600 p—O

L g
-15v

B.W. = 12MHz Typ.
Output Swing = 10V Min. to 50kHz

Z)N = 1012 Min.
ZoyuT = 0.01 Max.
Slew Rate = 4V/ps Min.

* 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.

Die Characteristics

TransistorCount .......... ... i 140
Die Dimensions ...........ooviiiiinn.. 73 x52 x 19 mils
Substrate Potential ........................... Unbiased
Thermal Constants (°C/W) 6ja Bic
HA2-Metal Can (-2, -5, -7) 202 55
HA2-Metal Can (-8, /883) 161 48
HA3-Plastic DIP (-5) 83 33
HA4-Ceramic LCC (/883) 96 35
HA7-Ceramic DIP (-2, -5, -7) 204 112
HA7-Ceramic DIP (-8, /883) 81 32
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Uncompensated Operational Amplifiers

HA-2620/22/25

Very Wideband,

Features

® Gain Bandwidth Product (Ay>5).......... 100MHz
e Highinputimpedance ...................... 500MQ
e lowlinputBiasCurrent ................oviuunnn 1nA
e Low Input OffsetCurrent ...................... 1nA
e Low Input OffsetVoltage .................... 0.5mV
eHIghGain .......cooiiiiiiiii i iiiiieannnnn 150kV/V
e HighSlewRate ..................ccovviiiinns 35V/us

e Output Short Circuit Protection
Description

HA-2620/2622/2625 are bipolar operational amplifiers that
feature very high input impedance (500M(Q2, HA-2620)
coupled with wideband AC performance. The high re-
sistance 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. In-
put 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/ps slew rate and 150kV/V open-loop
gain enables HA-2620/2622/2625 to perform high-gain
amplification of very fast, wideband signals. These dynamic
characteristics, coupled with fast settling times, make these
amplifiers ideally suited to pulse amplification designs as
well as high frequency (e.g. video) applications. The
frequency response of the amplifier can be tailored to exact

Applications

® Video and R.F. Amplifier

® Pulse Amplifier

e Audio Amplifiers and Filters
® High-Q Active Filters

e High-Speed Comparators

® Low Distortion Oscillators

design requirements by means of an external bandwidth
control capacitor.

In addition to its application in pulse and video amplifier
designs, 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. For more information,
please refer to Application Notes 509, 519 and 546.

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 /883
Military Grade with the HA-2622 also available in LCC
packages. MIL-STD-883 data sheets are available upon re-
quest. The HA-2625 has guaranteed operation from 0°C to
+759C and is available in Plastic and Ceramic Mini-DIP
and Metal Can packages.

COMPENSATION

+v

Pinouts Schematic
HA7-2620/22/25 (CERAMIC MINI-DIP)
HA3-2625 (PLASTIC MINI-DIP)
TOP VIEW R.¥ 2
BAL 1K 4.18K

\V,
BAL E El COMP ¥

R3 R4 c2 GROg R6
L 30
156K 11.56K BAL 9DFT
Q39 as2 asé1

Qa1
ot

N 3 V+ Q4
>_|_E| out

B
Q37 "7042

Q43

+INPUT
E] BAL o
as

HA2-2620/22/25 (TO-99 METAL CAN)
TOP VIEW

Qaa |

Q45

R11
4.0K

Q51
R12}R133R14 R15 R16
1.6K21.6K}2.8K 800 30 v

—INPUT
S

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-2620/22/25

Absolute Maximum Ratings (Note 13) Operating Temperature Ranges

Voltage Between V+and V-Terminals ................... 45,0V HA-2600/HA-2602..................... -550C <Tp <+1250C
Differential Input Voltage...........................oee OV HA-2605 ...t 00C <Tp <+750°C
Peak Output Current .......... -659C < Tp < +150°C
Internal Power Dissipation ............................ 300mW Lead Solder Temperature (10 Seconds) ................. 2750C

Maximum Junction Temperature

Electrical Specifications vg = +15v D.C., Unless Otherwise Specified.

HA-2620 HA-2622 HA-2625
-550C to +125°C -550C to +125°C 00C to +75°C
PARAMETER TEMP | MIN T TYP l MAX | MIN I TYP I MAX | MIN | TYP | MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage (Note 1) +250C - 0.5 4 - 3 5 - 3 5 mV
Full - 2 [} - - 7 - - 7 mV
Average Offset Voltage Drift Full - 5 - - 5 - - 5 - uv/oc
Bias Current +250C - 1 15 - 5 25 - 5 25 nA
Full - 10 35 - - 60 - - 40 nA
Offset Current +250C - 1 15 - 5 25 o - 5 25 nA
Full - 5 35 - - 60 - - 40 nA
Differential Input Resistance (Note 11) | +250C 65 500 - 40 300 - 40 300 - MQ
Input Noise Voltage Density fg = 1kHz | +250C - 11 - - 11 - - 11 - nV/\/Hz
Input Noise Current Density fg = 1kHz | +250C - 0.16 - - 0.16 - - 0.16 - pA/y/Hz
Common Mode Range Full +11 +12 - +11 +12 - +11 +12 - \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain +250C | 100K | 150K - 80K | 150K - 80K | 150K - VNV
(Notes 2 & 3) Fuil 70K - - 60K - - ] 70K - - VIV
Common Mode Rejection Ratio Full 80 100 - 74 100 - 74 100 - dB
(Note 4)
Minimum Stable Gain +250C 5 - - 5 - - 5 - - vV
Gain Bandwidth Product +250C - 100 - - 100 - - 100 - MHz
(Notes 2,5 & 6)
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 2) Full *10 | 12 - +10 | *12 - +10 | 12 - \
Output Current (Note 3) +250C | +15 | 22 - +10 | *18 - +10 | %18 - mA
Full Power Bandwidth +250C | 400 600 - 320 600 - 320 600 - kHz
(Notes 2,3,7&12)
TRANSIENT RESPONSE (Note 8)
Rise Time (Notes 2, 7 & 8) +250C - 17 45 - 17 45 - 17 45 ns
Slew Rate (Notes 2,7,8 & 10) +250C | +25 | +35 - ‘420 | +35 - +20 +35 - V/us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C - 3 3.7 - 3 4 - 3 4 mA
Power Supply Rejection Ratio (Note 9) Full 80 90 - 74 90 - 74 90 - dB
NOTES:
1. Offset may be externally adjusted to zero. 9. AVg =5V
2. RL =2k | 10. Voyrt = 5V
3. Vouyr = £10.0v 11. This parameter value guaranteed by design calculations.
4. Vom =10V 12.  Full Power Bandwidth guaranteed by slew rate measurement:
5. Vout < 90mV FPBW = S.R./21VpEAK.
6. 40dB Gain 13. Absolute Maximum Ratings are limiting values applied individually
7. See Transient Response Test Circuits & Waveforms. beyomjj which the serviceability of the ciltcuit may be im'pai'red..Functional
) . operation under any of these conditions is not necessarily implied.
8. Ay = 5 (The HA-2620 family is not stable at unity gain without

external compensation.)
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HA-2620/22/25 |

n
Typical Performance Curves Vs = +15V D.C., Ta = +250C, Unless Otherwise Specified. )
INPUT BIAS CURRENT AND OFFSET CURRENT Q }
AS A FUNCTION OF TEMPERATURE BROADBAND NOISE CHARACTERISTICS 8 ‘
15 S 100 © ’
ES EQUIVALENT INPUT | N
10 = NOISE VS. BANDWIDTH I
w
_ 3 I
< s S 10
= =
i g2
0 -
& | OFFSET T ———=—" — z
O -5 E 1
BIAS 3 /
10 H—4 s =
e 3
d g -1
-15 - |
-50 -25 0 +25 +50 +75 +100+125 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz a@ |
o UPPER 3dB FREQUENCY o
TEMPERATURE  (7C) LOWER 3dB FREQUENCY (10Hz) § E
< E |
] ‘
OPEN LOOP FREQUENCY AND PHASE RESPONSE INPUT IMPEDANCE vs. TEMPERATURE, 100Hz ° 8 |
120 ;
o -
z ;
z 100 1000
< N 0° T
° & N o ™~
% GAIN 20 w 800 N
< 3 ‘/23
= 60 600
- N z T 600
g \ < o \
o 40 PHASE — S 100°g  Q N
g N £ 5% <
- 20 \\ 1400 &
P4 \ 200
w
& o \ 180° o ~
- 20 -55 -35-15 +5 425 145 +65 +85 +105 +125
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz TEMPERATURE (°C)
FREQUENCY (Hz)
OPEN - LOOP FREQUENCY RESPONSE FOR !
VARIOUS VALUES OF CAPACITORS FROM ;
OUTPUT VOLTAGE SWING vs. FREQUENCY COMPENSATION PIN TO GROUND !
= 20v 120 I T
» _
5 1ov AN I 3 Vs =+ 15V
9 N 20V SUPPLY z 100 D TA =+ 259°C
> N + Z \ OpF A
] AN NN\ |
- +15V S g ~ 10pF !
2 N 8 \\&/ 35pF
s v < N
% & = 60 Q 50pF
0 P le) 115pF
5] +10v > a0 S N
: 5 S NSNNNN
5’ 0.1V \ 9 20 } <] \\ N
S \ > 1000pF \\\\\
< 0 2 o T
w T=25°C o) \\
N
0.01V - 20
10kHz 100kHz 1MHz 10MHz 100MHz 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz
FREQUENCY (Hz) FREQUENCY (Hz)
NOTE: External Compensation is required for closed loop gain < 5. If
external compensation is used, also connect 100pF capacitor from
output to ground.
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HA-2620/22/25

Typical Performance Curves (Continued)

COMMON MODE VOLTAGE RANGE
AS A FUNCTION OF SUPPLY VOLTAGE OPEN - LOOP VOLTAGE GAIN vs. TEMPERATURE

! I I

-550C < Tp <+ 125°C

8

120 l l

/ +20V SUPPLY

>
!
w
S 15 —
z s L +15V SUPPLY —l
o — ——
° Eam—
4 / 2 -\\'\*‘m‘LSUPPLY
810 Z 100 —— ¥
s / é ] +5v SUPPLY —
F4 / I S
g s
3
]
80
5 10 15 20 -55-35-15 5 25 45 65 85 105 125
SUPPLY VOLTAGE (VOLTS) TEMPERATURE (°C)

NOISE DENSITY vs. FREQUENCY

— N
5 T
1000 10

w ~L_ =
g 100 | INPUT NOISE CURRENT ; Z
g N §
S o
w na) 1]
@ INPUT NOISE VOLTAGE ~] @
o 10 01 9o
z z
[

5 5
g o
= 001 Z

1 10 100 1K 10K 100K
FREQUENCY  (Hz)
Test Circuits
SUGGESTED Vg ADJUST-
SLEW RATE AND MENT AND COMPENSATION
TRANSIENT RESPONSE SLEW RATE TRANSIENT RESPONSE HOOK-UP

BANDWIDTH

g CONTROL

= RISE TIME

NOTE: Measured on both positive Tested Offset Adjustment is
and negative transistions |Vog +1mV | minimum referred to
from 0 to +200mV and 0 to output. Typical range is £10mV with
-200mV at output. RT = 100kQ.
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HA-2620/22/25

Typical Applications
HIGH IMPEDANCE COMPARATOR FUNCTION GENERATOR
AN
+1sv 2.2kQ
2.2kQ
oVour
+ 5.0V, OV
7~ SOpF* BW

R —isom:*
\ ; l _ 1 C L;
f= TR+ R C 0.01uF ~_ OUTPUT

o
\/ OUTPUT

VIDEO AMPLIFIER

BW = 1MHz
GAIN = 40dB v

* A small load capacitance of at least 30pF (including stray capacitance) is
recommended to prevent possible high frequency oscillations.

Die Characteristics

TransistorCount ...... ..., 140
Die Dimensions ....................... 73 x 52 x 19 mils
Substrate Potential ........................... Unbiased
Thermal Constants (0C/W) Bja 8ic
HA2-Metal Can (-2, -5, -7) 202 55
HA2-Metal Can (-8, /883) 161 48
HA3-Plastic DIP (-5) 83 33
HA4-Ceramic LCC (/883) 96 35
HA7-Ceramic DIP (-2, -5, -7) 204 112
HA7-Ceramic DIP (-8, /883) 81 32
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3 HARRIS

HA-2640/45

High Voltage
Operational Amplifiers

Features

® Output VoltageSwing ..........c.coiinnannt. +35V
e SupplyVoltage . ............cciennnn +10V to £40V
e OffsetCurrent .............ccviiiiiiininnnnnn. 5nA
eBandwidth ...............oiiiiiiiii i 4MHz
eSlewRate..........coiiiiiiiii i 5V/us
¢ Common Mode Input Voltage Swing ........... +35V

e Output Overload Protection

Description

HA-2640 and HA-2645 are monolithic operational ampli-
fiers which are designed to deliver unprecedented dynamic
specifications for a high voltage internally compensated
device. These dielectrically isolated devices offer very low
values for offset voltage and offset current coupled with
large output voltage swing and common mode input
voltage.

For maximum reliability, these amplifiers offer unconditional
output overload protection through current limiting and a
chip temperature sensing circuit. This sensing device turns
the amplifier “off’, when the chip reaches a certain
temperature level.

These amplifiers deliver £35V common mode input voltage
swing, 35V output voltage swing, and up to +40V

Applications

¢ Industrial Control Systems
* Power Supplies

* High Voltage Regulators

o Resolver Excitation

e Signal Conditioning

supply range for use in such designs as regulators, power
supplies, and industrial control systems. 4MHz gain
bandwidth and 5V/us slew rate make these devices
excellent components for high performance signal
conditioning applications. Outstanding input and output
voltage swings coupled with a low 5nA offset current make
these amplifiers excellent components for resolver
excitation designs.

The HA-2640/2645 are available in Metal Can (TO-99) or
Ceramic Mini-DIP and can be used as high performance
pin-for-pin replacements for many general performance
amplifiers. HA-2640 is specified from -55°C to +1250C
and HA-2645 is specified over the 00C to +75°C range.

Pinouts Schematic

HA7-2640/2645 (CERAMIC MINI-DIP)
TOP VIEW

q8BANDWIDTH

BAL E 8] comp

RO $R1Z |0 p
ci
Q34

iN- 21— 7] v+
w+ [3] >Lg our

v- [2] 5] BAL

HA2-2640/2645 (TO-99 METAL CAN)
TOP VIEW

Q54
a9L4 as0
R17| R18: R193 R20
. v-

(TO-99 Case Voltage = -V)

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-2640/2645

Absolute Maximum Ratings (Note 12)

Operating Temperature Ranges

Voltage Between V+and V-Terminals .................... 100V HA-2640 ... ..o -550C < TA < +1250C
InputVoltageRange ................... ...t +10VTo 37V HA-2645 ... . e 09C < TA X +75°C
OutputCurrent ........... Full Short Circuit Protection ~ Storage Temperature Range ............. -650C < TpA < +1500C
Internal Power Dissipation ............. ..., 680mW *
Maximum Junction Temperature. ...............ooo.... +1750C
* Derate by 4.6mW/OC above +25°C
Electrical Specifications vgyppLy = +40V, R = 5k, Unless Otherwise Specified.
HA-2640 HA-2645
-550C to +125°C 00C to + 75°C
PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C - 2 4 - 2 6 mV
Full - - 6 - - 7 mV
Average Offset Voltage Drift Full - 15 - - 15 - uv/oc
Bias Current +250C - 10 25 - 12 30 nA
Full - - 50 - - 50 nA
Offset Current +250C - 5 12 - 15 30 nA
Full - - 35 - - 50 nA
Input Resistance (Note 10) +250C 50 250 - 40 200 - MQ
Common Mode Range Full +35 - - +35 - - \Y
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 8) +250C 100K 200K - 100K 200K - VNV
Full 75K - - 75K - - VNV
Common Mode Rejection Ratio (Note 1) Full 80 100 - 74 100 - dB
Minimum Stable Gain +250C 1 - - 1 - - A%
Unity Gain Bandwidth (Note 2) +250C - 4 - - 4 - MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing Full +35 - - +35 - - Vv
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 +5 - +2.5 +5 - V/us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C - 3.2 3.8 - 3.2 4.5 mA
Supply Voltage Range Full +10 - +40 +10 - +40 Vv
Power Supply Rejection Ratio (Note 5) Full 80 90 - 74 90 - dB
NOTES:
1. VoM = =20V 9. R =1kQ
2. Voyt = 90mV 10. This parameter based upon design calculations.
3. Vour = £35V 11, Full Power Bandwidth guaranteed based upon slew rate measurement:
4. VouT = £200mV FPBW = S.R./27VpgaK,
5. Vg = £10V to +40V 12.  Absolute Maximum Ratings are limiting values applied individually
6. Ay =+1 beyond which the serviceability of the circuit may be impaired. Functional
7. G| = 50pF, R = 5k operation under any of these conditions is not necessarily implied.
8. Vourt = %30V
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HA-2640/2645

Typical Performance Curves V+ =V- =40V D.C., Tp = +250C, Unless Otherwise Specified.

CURRENT (nA)

INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE
25

20

7

\
NN

N

\ BIAS CURRENT
e — T

OFFSET CURRENT

15

10

—

~N

+25 +50 +75 +100 +125
TEMPERATURE (°C)

-60 -25 (0]

NORMALIZED AC PARAMETERS vs. TEMPERATURE

1.4 \\
1.2 \
SLEW RATE
1.0 S~
BANDWIDTH
.8 i JF
-50 ~-25 0 #25 +50 +75 +100 +125

TEMPERATURE (°C)

NORMALIZED AC PARAMETERS vs.
SUPPLY VOLTAGE AT +25°C

-
N

SLEW RATE

1.0
BANDWIDTH

4////
=

NORMALIZED VALUE REFERRED TO + 30V

20 30 40

SUPPLY VOLTAGE (VOLTS)

INPUT NOISE VOLTAGE (nV/VHz)

INPUT NOISE CHARACTERISTICS

000 z 10 (¥
t ~
<
e
N =
100 1 uzJ
g
INPUT NOISE CURRENT 3
w
10 NPUT NOISE VOLTAGE 01 g
t z
5
| o
Z
1 0.01
1 10 100 1K 10K 100K
FREQUENCY (Hz)
OPEN LOOP FREQUENCY AND PHASE RESPONSE
~ oo
F 120 \ 459
2 \
r4
£ o N\ | PHASE w00,
§ GAIN \\ 2
5 40 TN 135° ;
° &
2 b
Q. \ o
§ o ~\ 180°
z
g - 40 2250
270°
10 100 1K 10K 100K ™ 10M
FREQUENCY (H2)
OPEN - LOOP FREQUENCY RESPONSE FOR
VARIOUS VALUES OF CAPACITORS FROM
COMPENSATION PIN TO GROUND
7
120 © B
Ccowmp C = 100pF
T T
g w“ \&Q\ = T":
z \ | ooF
S > 1 30pF
§ 40 N %/ _ 100pF
g 300pF 3 ‘\J
S 1,000pF | >\\\
z o S
g X
o
40 <

1K 10K 100K

FREQUENCY (Hz)

10 100 ™

NOTE: External Compensation Components are not required for stability,
but may be added to reduce bandwidth if desired. If External Com-
pensation is used, also connect 100pF capacitor from output to

ground.
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HA-2640/2645

0
Typical Performance Curves (Continued) E
o
OUTPUT VOLTAGE SWING vs. FREQUENCY AT +250C OUTPUT CURRENT CHARACTERISTIC g
100 T [ [ N
= = AV=1,VSUpPLY = + 40V |
[ VsuppLY = + aov \\\ | ) Vine + 35;,0 T <
| r——— e
- [ VSUPPLY = + 20V \\ +1250C 25°c/~5500/ I
z I N - 20
3 VSUPPLY = + 10V \\\ 2 AV=1.VsuppLY = + 20V l I / |
y 100 K 3 VIN= + 15V 1] /) 1
g AN T G S S )
é’ \\\\\ 4 | .ssoc \ +1250C / / /
¥ §\ E -20 \-15 \ -10 . /10 /'5 /2
<] 5 0
¢ Q - \ /7 // +1250C |+ 250C]- 550C
e N z -10 ‘
e 1° NN 5 J ( I AV=1VsuppLY = + 20V
s N ° I VIN= 15V
a -20
-550C, +25°c/+ 125°C
-30
I AV=1,VSUPPLY = + 40V » ‘
VIN= -35V [:3
O':K 10K 100K ™ -40 ﬁg ‘
FREQUENCY (Hz) OUTPUT LOAD CURRENT (mA) % é |
52
. . . . Q. )
Switching Waveform and Test Circuits cZ
(ST
VOLTAGE FOLLOWER SLEW RATE AND TRANSIENT ‘
PULSE RESPONSE RESPONSE TEST CIRCUIT
RL = 5K, CL = 50pF Tp = +25°C
Vertical = 10V/Div. Vg = +40V
Horizontal = 5ps/Div.
V+ {
IN
ouT
k
V- 5l 50pF

SUGGESTED Vog ADJUSTMENT

-V

Tested Offset Adjustment Range is | Vog +1mV | minimum
referred to output. Typical range is £20mV with Ry = 10kQ.
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Features

HA-2650/55

Dual High Performance
Operational Amplifier

Description

HA-2650/2655 contains two internally compensated operational amp-
lifiers offering high slew rate and high frequency performance combined
with exceptional DC characteristics. ~ 5V/Lsec slew rate and 8MHz
bandwidth make these amplifiers suitable for processing fast, wideband
signals extending into the video frequency spectrum. Signal processing
accuracy is enhanced by front-end performance that includes 1.5mV
offset voltage, 8uV/OC offset voltage drift and low offset and bias
current (1nA and 35nA respectively). Offset voltage can be trimmed to
zero on the devices offered in dual-in-line packages. Signal conditioning
is further enhanced by 500M$) input impedance.

Applications for HA-2650/2655 include video circuit designs such as
high impedance buffers, integrators, tone generators and filters. These
amplifiers are also ideal components for active filtering of audio and
voice signals.

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
+1250C. HA-2655 operates from 00C to +750C.

® SLEW RATE
e BANDWIDTH 8MHz
® BIAS CURRENT 35nA
® AVG. OFFSET VOLTAGE DRIFT 8uv/oC
® POWER CONSUMPTION 75mW
e SUPPLY VOLTAGE RANGE +2v 10 £ 20V
Applications
® VIDEO AMPLIFIERS
® HIGH IMPEDANCE, WIDEBAND BUFFERS
® INTEGRATORS
e AUDIO AMPLIFIERS
® ACTIVE FILTERS
Pinouts
HA1-2650/2655 (CERAMIC DIP)
TOP VIEW
N/C 1 —— ad —14 V+
ouT 2 — ——13 N/C
3 — —12 0UT
BALANCE{
—_— & f—11
}BALANCE
5 “—t—10
'N {s s
b
V- 7 — 8

HA2-2650/2655 (TO-99 METAL CAN)
TOP VIEW

NOTE: Case Connected to V- V-

Schematic

ONE-HALF HA-
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Specifications HA-2650/2655

Absolute Maximum Ratings (Note 1) Operating Temperature Ranges
Ta = +25°C, Unless Otherwise Specified HA=2650 ..ot ..-550C< Tp <+1250°C
Voltage Between V+and V-Terminals ...............ccovnn. 40V HA-2655 .. i 00C < TA < +750C
Differential InputVoltage..........cooiiiiiiiiian +30V  Storage Temperature Range:............. -650C < T <+1500C
InputVoltage(Note 1) ... +15V
Output Short Circuit Duration .........oooeiiie. . Indefinite
Power Dissipation (Note 2)
TO-90 1ttt e 300mW
Electrical Specifications V+ =+15V D.C, V- =-15V D.C.
HA-2650 HA-2655
-550C to +1250C 0°C to +75°C
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C 1.5 3 2 5 mvV
Full 5 1 mV
Av. Offset Voltage Drift Full 8 8 uv/oc
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 t13 v
Differential Input Resistance (Note 9) +259C 5 20 5 20 - MQ
Common Mode Input Resistance +250C 500 500 MQ
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 | *13 114 13 14 \'
Full 13 13 Vv
Full Power Bandwidth (Notes 5 &10) +250C 30 80 30 80 KAz
Output Current (Note 3a) +250C +20 18 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 5 +2 +5 Vius
POWER SUPPLY CHARACTERISTICS
Supply Current +250C 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 215V, 4. Vem = ¥5.0v 9. This parameter value based upon
the absolute maximum input voltage 5. Ay =1,R =2K,V5=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. (a) Vo=f1OV (b) R =2K 8. A V=150V
{e) R = 10K
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HA-2650/2655

Typical Performance Curves V+ = +15V, V- =-15V, Tp = +250C, Unless Otherwise Specified.

OUTPUT VOLTAGE SWING VS. FREQUENCY

]
. OPEN LOOP FREQUENCY RESPONSE uo ='23\1,|
& :ﬂ I JJ M T T T [ =" — N
= go (LA T | il s Vo= 18V N
| | Il = Vo - 8V N NN
2 60N il g i1 F
e [:k, NI | I ® Vg =2v ‘
= Ii“‘ = T T
— 40 }—H f L = ! Vg = +15V
1S 1 1 AN il 210 : Vg =10V
5 [ Ml T 3 NN
= 11 A A 5 S ve v
o 1 g et
= WA A A A Sos (VOLTAGE FOLLOWER) __.|
P O M 1 = R =2k !
10 100 1k 10k 100k 1M 10M  100M ° Cy = 50pF i}
FREQUENCY (H2) M
o 111 AR
100 1k 10k 1 ™
NORMALIZED AC PARAMETERS VS. SUPPLY VOLTAG FREQUENCY (H2)
" ©  NORMALIZED AC PARAMETERS VS. TEMPERATURE
ot - 212
£3 4 b4 |
£ ;n -«—-J» +
- SLEW RATE |~ g
] 7 & N S A A G
az N Inf T
2> 08 / & 1.0} +4 - — ]
o 2 A N
Ng ) BANDWIDTH 3 A 1
Iz 08 < gl NG L
Sw o’ \
S B A1 |- N
== o1t / -+ - - o g sl sLewrate BANDWIDTH
¥ + + + Z 55 % 0 425 450 +75 4125
SUPPLY VOLTAGE 2 TEMPERATURE (0C)
INPUT NOISE VOLTAGE VS. FREQUENCY
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HA-2650/2655

Test Circuits
TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM
v ¥
5N IN 3 oV
2 ]
Vout 3
2 b e : HHHHHHHHH
50pF ¥
’ 3 oV
VIN VDUT E.
- - VERTICAL 5V/DIV. HORIZONTAL 1us/DIV.
Typical Applications
LOW COST HIGH FREQUENCY GENERATOR
Ry
Eo
——— A VAN
Ri o AMPLITUDE ADJUST ¢
v s f=4—n1“c(ﬁ—')
6 1 ! 33\,
2 R3 )
5 +y FREQUE (Eolpp = 2Vz%>
z ADJUST
3
ABSOLUTE - VALUE CIRCUIT
R R R
Ei O———AAA— AAA AAA

HIGH IMPEDANCE
HIGH GAIN

HIGH FREQUENCY INVERTING AMP ‘ 5
I~ 2

6

£y O———+

in

——O Eo = 1Ei1

BW = 100KHz
Ay = 100

Z;,=2x10%9Q

)
Ty)
~N
(=)
0
©
D
<
I

OP AMPs &
COMPARATORS




D HARRIS HA-2720/25

Wide Range Programmable
Operational Amplifier

Not Recommended

For New Designs
Features

See HA-5141 or HA-5151

Description

e WIDE PROGRAMMING RANGE

SLEW RATE 0.06 TO 6V/us
BANDWIDTH 5kHz TO 10MHz
BIAS CURRENT 0.4 TO 50nA
SUPPLY CURRENT 1A TO 1.5mA
o WIDE POWER SUPPLY RANGE £1.270 H18V

+ CONSTANT AC PERFORMANCE OVER SUPPLY
RANGE

Applications

e ACTIVE FILTERS

CURRENT CONTROLLED OSCILLATORS
VARIABLE ACTIVE FILTERS
MODULATORS

BATTERY-POWERED EQUIPMENT

°

®

HA-2720/2725 programmable amplifiers are internally compen-
sated monolithic devices offering a wide range of performance,
that can be controlled by adjusting the circuits’ “set” current
(ISET). By means of adjusting an external resistor or current
source, power dissipation, slew rate, bandwidth, output current
and input noise can be programmed to desired levels. This
versatile adjustment capability enables HA-2720/2725 to pro-
vide optimum design solutions by delivering the required level
of performance with minimum possible power dissipation.
HA-2720 and HA-2725 can, therefore, be utilized as the stand-
ard amplifier for a variety of designs simply by adjusting their
programming current.

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
performance in almost any system including battery-operated
equipment. A primary application for HA-2720/2725 is in
active filters for a wide variety of signals that differ in frequency
and amplitude. Also, by modulating the "set’ current, HA-
2720/2725 can be used for designs such as current controlled
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

HA7-2720/2725 (CERAMIC MINI-DIP)
TOP VIEW
:] ISET

\
]V+

j QUTPUT

BALANCE

o

INVERTING INPUT E

~
~

@

INPUT
v-[]e

Note: Case tied to V-

NONINVERTING Ii

o

BALANCE

HA2-2720/2725 (TO-99 METAL CAN)
TOP VIEW

NONINVERTING e
INPUT

Schematic

R3$3K  RA$3K
BALANGE
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Specifications HA-2720/2725

Absolute Maximum Ratings

Operating Temperature Ranges

Voltage Between V+and V-Terminals ..................... 45V HA-2720 ... -SSOCSTA <+1250C
Differential Input Voltage................ £30V HA-2725 ...ttt .. 00C< Tp <+750C
InputVoltage(Note 1) ................ ... £15V  Storage Temperature Range:........ . —65°CSTAS+1 500C
IseT(CurrentatIgET) «. oo oo 500pA
VggT (Voltageto GND atIggt) .. ... ... V+-2V< Vgt <V+
Power Dissipation (Note2) ...t 300mW
Electrical Specifications V+ = +3V, V- = -3V.
HA-2720 HA-2725
-550C to +1250C 00C to +75°C
ISET = 1.5UA ISET = 15UA ISET = 1.5UA ISET = 154A
PARAMETER TEMP. | MIN.|TYP.[MAX.| MIN.|TYP.|MAX.] MIN.|TYP.|MAX.} MIN.|TYP.{MAX.| UNITS
INPUT CHARACTERISTICS
Offset Voltage 259C 201 3.0 20| 3.0 20| 5.0 20 50| mv
Full 5.0 5.0 7.0 70| mv
Offset Current 250C 051 3.0 1.0 10 05| 50 1.0 10 nA
Full 7.5 20 15 20 nA
Bias Current 250C 20| 5.0 80| 20 201 10 8.0 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 250¢C 50 5 50 5 M2
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 30 80 74 14 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 \Y
Output Current (Note 5) 259C +0.2 +2.0 +0.2 +2.0 mA
Output Resistance 250C 2K 500 2K 500 2
Output Short-Circuit Current 259C 2.8 14 2.8 14 mA
TRANSIENT RESPONSE
Rise Time (Note 6) 25°C 25 0.25 2.5 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 HA-2720/2725

Electrical Specifications (Continued) V+ = +15V, V- = -15V.

HA-2720 HA-2725
-550C to +1250C 00C to +75°C
ISET = 1.54A ISET = 15U4A ISET = 1.5U4A ISET = 15UA
PARAMETER TEMP. | MIN.|TYP.{MAX_ | MIN | TYP.[MAX.] MIN.[TYP.|MAX I MIN.JTYP.{MAX.] UNITS
INPUT CHARACTERISTICS
Offset Voltage 250C 201 3.0 201 3.0 20| 5.0 201 50 ] mv
Full 5.0 5.0 7.0 7.0 mV
Offset Current 259¢C 05| 3.0 1.0 10 05| 5.0 1.0 10 nA
Full 15 20 1.5 20 nA
Bias Current 250C 20| 5.0 8.0 20 20| 10 8.0 | 30 nA
Full 10 40 10 40 nA
Input Resistance (Note 10) 250C 50 5 50 5 ms
Input Capacitance 250¢C 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 90 80 %0 74 %0 74 %0 :g
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) 250C | £12]£135 12 (2135 +12(2135 +12]%135 \
Full 10 *10 10 10 \Y
Output Current (Note 5) 250C +0.5 5.0 +05 5.0 mA
Output Resistance 250¢C 2K 500 2K 500 ko
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) 250¢C 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.

VguppLy = 13.0V VguppLy = #16.0V IsgT = 1.5MA IsgT = V5MA
3. T =+25°C and Full T = +25°C R, =75KQ2 R = 5K§
- T = Full R = 75K R = 75K
4. Vo =11.5v Vem = 5.0V
5. Vg =12.0V Vg = £10.0V
6. : Ay = +1,V = 400mV, R =5K,C, =100pF
7. Vg = 2.0V Vg = $10.0V R, = 20K R, = 5K
8. Av =11.5v Av = 15,0V
9. Vg = 11.0V Vo = 1100V
10. This parameter based upon design calculations.
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HA-2720/2725

Typical Performance Curves Tp = +250C, Vg = +15V D.C. Unless Otherwise Specified.

INPUT BIAS CURRENT INPUT BIAS CURRENT INPUT OFFSET CURRENT
vs. SET CURRENT vs. TEMPERATURE vs. TEMPERATURE
= 20 T T
+IVSVg<e 18V LIV Vg rIBY
151N 3
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/ ? 2
< 10 H ’E . Iger 1SuA <
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HA-2720/2725

Typical Performance Curves (Continued) Tp = +250C, Vg = 15V D.C. Unless Otherwise Specified.

MAXIMUM QUTPUT VOLTAGE SWING GAIN BANDWIDTH PRODUCT OPEN LOOP VOLTAGE GAIN
vs. LOAD RESISTANCE vs. IgET vs. TEMPERATURE
30 ==
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HA-2720/2725

|
0
Typical Performance Curves (Continued) Tp = +250C, Vg = +15V D.C. Unless Otherwise Specified. Q \
o
SLEW RATE vs. Iget PHASE MARGIN vs. SET CURRENT SET CURRENT vs. SET RESISTOR N
0 100M N
; T I = N
Vg - +15V ano—5 7] o A <
! = NI —
— IR == o N J Vg =+ 15V, = I
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Test Circuits
TYPICAL BIASING CIRCUITS

SUGGESTED

@
30
o=
%
sE
25

OFFSET NULL %g

o

Vg
RseT
: |
! |
|
V- OR v v }
GND ‘
TRANSIENT RESPONSE/SLEW RATE CIRCUIT SLEWING WAVEFORM l
T
INPUT \‘
o ‘
Vout |
QuTPUT
5K
ov
N
VT
VERTICAL 5V/DIV
—_ HORIZONTAL 1u8/01V
Isgy = 1004A
Die Characteristics
Transistor Count ... 44
DieDimensions .......... ... i 60 x 44 x 19mils
Substrate Potential ................ ... ... .. ..., Unbiased
Thermal Constants (°C/W) 0ja Oic
HA2-Metal Can (-2,-5) 212 58
HA2-Metal Can (-8) 173 52
HA7-Ceramic DIP (-2,-5) 218 123
HA7-Ceramic DIP (-8) 143 69
HA3-Plastic Mini-DIP (-5) 98 46
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3 HARRIS

HA-4741

Quad Operational Amplifier

Features

eSlewRate.........oiiiiiiii ittt 1.6V/us
eBandwidth..............ccoiiiiiiiiinninn., 3.5MHz
® Input Voltage NOISe ........ceevvuvrnennnnn onV\/Hz
® Input Offset Voltage ............cccevenennn.. 0.5mV
olnputBiasCurrent...............ccceiiiiinnnn. 60nA

eSupplyRange ...........ccoeeevnninnnnn +2V to +20V
® No Crossover Distortion

¢ Standard Quad Pin-Out

Description

HA-4741, which contains four amplifiers on a monolithic
chip, provides a new measure of performance for general
purpose operational amplifiers. Each amplifier in the
HA-4741 has operating specifications that equal or exceed
those of the 741-type amplifier in all categories of perform-
ance.

HA-4741 is well suited to applications requiring accurate
signal processing by virtue of its low values of input offset
voltage (0.5mV), input bias current (60nA) and input voltage
noise (9nV/y/Hz at 1kHz). 3.5MHz bandwidth, coupled
with high open-loop gain, allow the HA-4741 to be used in
designs requiring amplification of wide band signals, such
as audio amplifiers. Audio application is further enhanced
by the HA-4741’s negligible output crossover distortion.

Applications

® Universal Active Filters

e D3 Communications Filters
e Audio Amplifiers

* Battery-Powered Equipment

These excellent dynamic characteristics also make the
HA-4741 ideal for a wide range of active filter designs.
Performance integrity of multi-channel designs is assured
by a high level of amplifier-to-amplifier isolation (108dB at
1kHz).

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.

The HA-4741is available in a 14 Pin Ceramic and Epoxy
Mini-DIPs. The HA-4741-2 operates from -550C to
+1250C and the HA-4741-5 operates over the 0OC to
+750C temperature range. HA-4741/883 product and data
sheets available upon request.

Pinout Schematic
HA1-4741 (CERAMIC) ® o O
HA3-4741 (EPOXY)
TOP VIEW &
o ~ @ )1'*] S Koo
ut ouTt
1 E 4 J
2 13 J
INPUTS ;DJ :] INPUTS win s
1 E z2] 4 o— T
v+ [4] ] v- r '-H 8
e i)
INPUTS E E‘ INPUTS O 1 G s ~
2 3
E 5] [
OULE 8 gUT a1z
c1 ] MJ 5 ;ﬂsK
m II Kﬂu
0——-': a7 17—_——t a1
6
o a8 9 < an
Fox T S 18
O

Ya HA-4741

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed.
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Specifications HA-4741

Absolute Maximum Ratings (Note 13)
TA = +25°C Unless Otherwise Stated

Voltage Between V+and V-Terminals ................... 40.0V
Differential InputVoltage. . ............ ... . +30.0V
InputVoltage(Note 1) ...t +15.0V
Output Short Circuit Duration(Note 2) . ................ Indefinite
Power Dissipation For Epoxy Package (Note 3).......... 880mW

Operating Temperature Ranges

HA-4741-2. ... . -550G < Ta < +1250C
HA-A741-5. ..o 00C <Tp <+750C
Storage Temperature Range ............. -650C <Tp <+1500C

Electrical Specifications v+ = +15V, V- = -15V, Unless Otherwise Specified.

HA-4741-2 HA-4741-5
-550C to +1250C 00C to + 759C
PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS
INPUT CHARACTERISTICS
Offset Voltage +250C - 0.5 3 - 1 5 mV
Full - 4 5 - 4 6.5 mV
Average 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 +12 - - +12 - - \
Differential Input Resistance +250C - 0.5 - - 0.5 - MQ
Input Voltage Noise (f = 1kHz) +250C - 9 - - 9 - nV/y/Hz
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 4) +250C 50K 100K - 25K 50K - vV
Full 25K - - 15K - - VN
Common Mode Rejection Ratio +250C 80 95 - 80 95 - dB
Full 74 - - 74 - - dB
Channel Separation (Note 5) +250C 90 108 - 90 108 - dB
Small Signal Bandwidth +250C 25 3.5 - 2.5 3.5 - MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (R = 10K) Full +12 +13.7 - +12 +*13.7 - \
(RL =2K) Full +10 +12.5 - +10 +12.5 - \
Full Power Bandwidth (Notes 4 &9) +250C 14 25 - 14 25 - kHz
Output Current (Note 6) Full +5 +15 - +5 *15 - mA
Output Resistance +250C - 300 - - 300 - 9]
TRANSIENT RESPONSE (Note 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 - +1.6 - - +1.6 - V/us
POWER SUPPLY CHARACTERISTICS
Supply Current +250C - 45 5 - 5 7 mA
Power Supply Rejection Ratio (Note 8) Full 80 95 - 80 95 - dB
NOTES:

-

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

2. One amplifier may be shorted to ground indefinitely.
3. Derate 5.8mW/9C above Tp = +25°C.

4. Voyrt = £10, R = 2K.

5. Referred to input; f = 10kHz, Rg = 1K.

6. Voyr = %10.

7. See Pulse Response Characteristics.

8. AV = %5V,

9. Full power bandwidth guaranteed based upon slew rate
measurement FPBW = S.R./2n VppaK.

10. R = 2K, C| = 50pF.

11. Vouyr = £200mV.

12. Voyr = +5V.

13. Absolute maximum ratings are limiting values, applied indivi-
dually beyond which the serviceability of the circuit may be
impaired. Functional operability under any of these conditions
is not necessarily implied.
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HA-4741

Typical Performance Curves V+ =+15V,V-=-15V, Tp = +250C, Unless Otherwise Specified.

NORMALIZED A. C. PARAMETERS
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HA-4741

-~
Typical Performance Curves (Continued) E
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D HARRIS

HA-4900/02/05

Precision Quad Comparator

Features

e FastResponseTime................covvunts 130ns
e LowOffsetVoltage ............covivvninnnnn 2.0mV
e LowOffsetCurrent ............coevnivennnnn, 10nA

® Single or Dual-Volitage Supply Operation

e Selectable Output Logic Levels

e Active Pull-Up/Pull-Down Output Circuit-No
External Resistors Required

Description

The HA-4900 series are monolithic, quad, precision
comparators offering fast response time, low offset voltage,
low offset current, and virtually no channel-to-channel
crosstalk for applications requiring accurate, high speed,
signal level detection. These comparators can sense
signals at ground level while being operated from either a
single +5 volt supply (digital systems) or from dual supplies
(analog networks) up to *15volts. The HA-4900 series
contains a unique current driven output stage which can be
connected to logic system supplies (V| ogic + and Vi_ogic -)
to make the output levels directly compatible (no external
components needed) with any standard logic or special
system logic levels. In combination analog/digital systems,

Applications

e Threshold Detector

e Zero-Crossing Detector

* Window Detector

® Analog Interfaces for Microprocessors
* High Stability Oscillators

® Logic System Interfaces

the design employed in the HA-4900 series input and
output stages prevents troublesome ground coupling of
signals between analog and digital portions of the system.

These comparators’ combination of features makes them
ideal components for signal detection and processing in
data acquisition systems, test equipment, and micro-
processor/analog signal interface networks.

All devices are available in 16 pin dual-in-line ceramic
packages. The HA-4900/4902-2 operates from -550C to
+1250C and the HA-4905-5 operates over a 0°C to
+750C temperature range. For military grade product, refer
to the HA-4902/883 data sheet.

Pinouts Schematic

HA1-4900/02/05 (CERAMIC DIP)
TOP VIEW
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ONE FOURTH ONLY (HA-4900/4905)

CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed.
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Specifications HA-4900/02/05

Absolute Maximum Ratings (Note 1)

Operating Temperature Ranges

Voltage Between V+andV-Terminals ..................... 33V -550C < Tp < +1250C
Differential Input Voltage -550C TA +1250C
Voltage Between V| ggic (+) and Vi ogicl=) v vvrrvvveene . 18V HA=4905-5. . ..iiviiiiie i, 00C<Tp <+750C
Peak OutputCurrent .........ooiiiiiiiiiiiiiiinaenn, -650C <TA <+1500C
Internal Power Dissipation (Note 7,8) ................. ..., 2.0W
Electrical Specifications V+ = +15V, V- = =15V, VL ogic (+) = 5V, VL ogic (-} = 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 45 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+)-2.4| V- (V+)-2.6/ V- (V+)-2.4 "
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain 250C 400K 400K 400K A%
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
QUTPUT CHARACTERISITICS
Output Voltage Level
Logic “Low State” (VgL) (Note 6) Full 0.2 04 0.2 04 0.2 04 \
Logic "High State” (Vo) (Note 6) Full 3.5 4.2 3.5 4.2 35 4.2 v
Qutput Current
ISink Full 3.0 3.0 3.0 mA
1Source Full 3.0 3.0 3.0 mA
POWER SUPPLY CHARACTERISTICS
Supply Current, Ipg (+) 250C 6.5 20 6.5 20 7 20 mA
Supply Current , Ipg (-) 250C 4 8 4 8 5 8 mA
Supply Current, Ipg (Logic) 250C 35 6 3.5 6 35 6 mA
Supply Voltage Range
Vi ogic (+) (Note 7) Full 0 +15.0 0 +15.0 0 +15.0 v
VL ogic (~) (Note 7) Full | -15.0 0 -15.0 0 -15.0 0 v
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HA-4900/02/05

NOTES:

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

2. Minimum differential input voltage required to ensure a defined output 6.
state.

3. Input bias currents are essentially constant with differential 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
500pA. This will also cause higher supply currents.

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

5. For Tpd(1); 100mV input step, ~10mV overdrive. For Tpd(O); -100mV 8.

input step, 10mV overdrive. Frequency X 100Hz; Duty Cycle X 50%;
Inverting input driven. See Test Circuit below. All unused inverting inputs
tie to +5V.

For VoH and VoL : Isink = ISource = 3.0mA. For other values of V{ ggjci
VoH (min.) = VLogic + -1.5V.

Total Power Dissipation (T.P.D.) is the sum of individual dissipation
contributions of V+, V- and V|_ogjc shown in curves of Power Dissipation
vs. Supply Voltages (see Performance Curves). The calculated T.P.D. is
then located on the graph of Maximum Allowable Package Dissipation
vs. Ambient Temperature to determine ambient temperature operating
limits imposed by the calculated T.P.D. (See Performance Curves). For
instance, the combination of +15V, -15V, +5V, OV (V+, V-, V| ggjc+.
Viogic™) gives a T.P.D. of 350mW, the combination +15V, -15V, OV
gives a T.P.D. of 450mW.

Derate By 5.8mW/°C above Tp = +75°C. 8j = 75°C/W, 8jc = 200C/W.

Test Circuits

+15V

Tpd([])
OVERDRIVE
—————— — VT =0V
INPUT 100mV
ouTPUT 15V
FTpg(0)
T=0

Vourt
Tpd(”
100mV
—————— VTH =0V
OVERDRIVE
1.5V
-Tpdﬂ)
T=0

For input and output voltage waveforms for various input overdrives see Performance Curves.
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HA-4900/02/05

n
Typical Performance Curves V+ =15V, Viogic (+) = 5V, e
Viogic (-) = 0V, TA = +250C, Unless Otherwise Specified. (]
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Typical Performance Curves (Continued)

RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES
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Applying the HA-4900 Series Comparators

1. 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 Vi + and V|- determines the output swing. In
systems where dual analog supplies are available, these
would be connected to V+ and V-, while the logic supply
and return would be connected to V| ggict and V[ ggic--
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| ggjc+ may be connected
together to the positive supply while V- and V| ggjc-
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.

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 > £Vgs). 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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Typical Applications
| M r-——=—====-=-- 'I
| LATCH | |
' D/A I |
. L l
! ' INTERFACE MEMORY
o e [
! \\
: |
' = — |
o $ - -—
ANALOG ! > !
INPUTS : )y I !
! COMPARATORS |
o T T |
: >"—— | MICROPROCESSOR 0
I | ]
o—-1> | | |
: m> N INTERFACE ! '
L ¥ o __ I b e
ANALOG INPUT MODULE PROCESSOR

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

+5.0V vee +5V to +15V
vee
10K 5.0V
47K
O +
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% 1/4 HA-4900
HA-4300,
1
INg1a's L i —
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—~ HA-4900
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LOGIC LEVEL TRANSLATORS
The HA-4900 series comparators can be used as versatile logic interface devices as shown in the circuits
above. Negative logic devices may also be interfaced with appropriate supply connections.
