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TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook,
please contact the Field Applications Engineering staff available at one of the
following Harris Sales Offices:

UNITED STATES
CALIFORNIA Calabasas ......................... 818-878-7955
CostaMesa ........................ 714-433-0600
SanJose ...l 408-985-7322
l FLORIDA PamBay ...........ooovviiiiai., 407-729-4984
3 GEORGIA DUIN. .o 404-476-2034
ILLINOIS Schaumburg. ............ ... ... 708-240-3480
INDIANA Cammel ....... ..o 317-843-5180
MASSACHUSETTS Burlington. ....... .. .. . Lt 617-221-1850
NEW JERSEY Voorhees ............cccviiiiiinn. 609-751-3425
NEW YORK Hauppauge........... ... ... 516-342-0291
WappingersFalls . ................... 914-298-1920
TEXAS Dallas........coovuiiiniinenann.. 214-733-0800

INTERNATIONAL
FRANCE Pars. ... 33-1-346-54046
GERMANY Munich..... ... ... ... ... . ... 49-89-63813-0
HONG KONG Kowloon . ... ... ... ... .. ... ... ... 852-723-6339
ITALY Milano. ...... ... .. o i i 39-2-262-0761
JAPAN TOKYO « v 81-3-3265-7571
KOREA Seoul ... .. 82-2-551-0931
- SINGAPORE Singapore. ... 65-748-4200
TAIWAN Taipei ..o 886-2-716-9310
UNITED KINGDOM Camberley ....................... 44-1276-686886

For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call
Harris AnswerFAX for immediate fax service at 407-724-7800



SIGNAL PROCESSING
NEW RELEASES

GENERAL INFORMATION

=
H o
Alpha Numeric Product Index IE
w=
95 NEW E o
RELEASES 94DAQ 94DSP 93LIN 0] LOL
DB314 DB301B DB302B DB500B =
AD590 2 Wire Current Output Temperature Transducer .............. - 14-3 - -
AD7520 10-Bit, 12-Bit Multiplying D/A Converters . . .................. - 8-5 - -
AD7521 10-Bit, 12-Bit Multiplying D/A Converters . .. ................. - 8-5 - -
AD7523 8-Bit Multiplying D/A Converters. . .............oiiiiin... - 8-13 - -
AD7530 10-Bit, 12-Bit Multiplying D/A Converters . . .................. - 8-5 - -
AD7531 10-Bit, 12-Bit Multiplying D/A Converters . . .................. - 8-5 - -
AD7533 8-Bit Multiplying D/A Converters. . ............ooviinenn.. - 8-13 - -
AD7541 12-Bit Multiplying D/A Converter. . .. ........ .. ... - 8-21 - -
AD7545 12-Bit Buffered Multiplying CMOSDAC ... .................. - 8-28 - -
ADC0802 8-Bit uP Compatible A/D Converters ....................... - 5-3 - -
ADC0803 8-Bit pP Compatible A/D Converters ....................... - 5-3 - -
ADCO0804 8-Bit uP Compatible A/D Converters .. ..................... - 5-3 - -
CA124 Quad Operational Amplifiers for Commercial, Industrial,
and Military Applications. . . ........ ... .. . - - - 2-19
CA139 Quad Voltage Comparators for Industrial, Commercial and
Military Applications ... ... ... - - - 3-3
CA158 Dual Operational Amplifiers for Commercial Industrial, and
Military Applications . ....... ... ... i - - - 2-26
CA224 Quad Operational Amplifiers for Commercial, Industrial, and
Military Applications ....... ... ... .. ... i - - - 2-19
CA239 Quad Voltage Comparators for Industrial, Commercial and
Military Applications ... ...... ... - - - 3-3
CA258 Dual Operational Amplifiers for Commercial Industrial, and
Military Applications ........ ... ... ... - - - 2-26
CA324 Quad Operational Amplifiers for Commercial, Industrial, and
Military Applications ........ ... ... .. .. - - - 2-19
CA339 Quad Voltage Comparators for Industrial, Commercial and
Military Applications ......... .. .. - - - 3-3
CA358 Dual Operational Amplifiers for Commercial Industrial,
and Military Applications. . . ...... ... ... ... L .. - - - 2-26

NOTE: Bold Type Designates a New Product from Harris. 1-1



CA555

CA741

CA1391
CA1394
CA1458

CA1558

CA2904

CA3018
CA3020

CA3028

CA3039
CA3045
CA3046
CA3049

CA3053

CA3054

CA3060
CA3078
CA3080
CA3081
CA3082
CA3083
CA3086
CA3089
CA3094

CA3096
CA3098

CA3100
CA3102

CA3126
CA3127
CA3130

Alpha Numeric Product Index (continuedq)

Timers for Timing Delays and Oscillator Applications in
Commercial, Industrial and Military Equipment ...............

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications . .. ..................

TV Horizontal Processors

TV Horizontal Processors

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications . ....................

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications .. ................ ...

Dual Operational Amplifiers for Commercial Industrial, and

Military Applications .. ... ... ... . ...
General Purpose Transistor Arrays

Multipurpose Wide-Band Power Amps Military, Industrial and
Commercial Equipment at Frequency Upto 8MHz . ...........

Differential/Cascode Amplifiers for Commercial and Industrial
Equipment from DC to 120MHz

Diode Array. .. ..o

General Purpose N-P-N Transistor Arrays. .. ................

General Purpose N-P-N Transistor Arrays

Dual High Frequency Differential Amplifiers For Low Power
Applications Up 500MHz . ....... ... ... ... ... .. ..

Differential/Cascode Amplifiers for Commercial and Industrial
Equipment from DC to 120MHz

Transistor Array - Dual Independent Differential Amp for Low
Power Applications from DC to 120MHz

Operational Transconductance Amplifier Arrays . .............
Micropower Operational Amplifier. . . ........ ... ... .. ...
Operational Transconductance Amplifier (OTA). . .............
General Purpose High Current N-P-N Transistor Arrays . .......
General Purpose High Current N-P-N Transistor Arrays .. ......
General Purpose High Current N-P-N Transistor Array ... ......
General Purpose N-P-N Transistor Array. . ..................
FMIF System . ...

Programmable Power Switch/Amplifier for Control and General
Purpose Applications . ....... .. ..

N-P-N/P-N-P Transistor Array

Programmable Schmitt Trigger - with Memory Dual Input
Precision Level Detectors. . ........... ... . ... ... . ...

Wideband Operational Amplifier. . . ........... ... .. .......

Dual High Frequency Differential Amplifiers For Low Power
Applications Up 500MHz .. ... ... ... .
TV Chroma Processor ..............oiiiiiinaiiaano..

High Frequency N-P-N Transistor Array. .. ..................
BiMOS Operational Amplifier with MOSFET Input/CMOS Output . .

NOTE: Bold Type Designates a New Product from Harris. 1-2
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- - - 7-3

- - - 2-37
- - - 7-9
- - - 79

- - - 2-37

. - - 2-37

- - - 2-26
- - - 6-5

- - - 2-43

- - - 53
- - - 6-11
- - - 6-15
- : - 6-15

- - - 5-24
- - - 2-52
- - - 264
- - - 2-73
- - - 6-21
- - - 6-21
- - - 6-24
- - - 6-28
- - - 7-13

- - - 2-86
- - - 6-33

- - - 37
- - - 2-101

- - 5-15
- - - 7-20
- - - 6-46
- - - 2-108



CA3140
CA3141

CA3146
CA3160
CA3161
CA3162
CA3183
CA3189
CA3193
CA3194
CA3217
CA3227

CA3240
CA3246

CA3256
CA3260
CA3280
CA3290

CA3304
CA3306
CA3310
CA3310A
CA3318C
CA3338A
CA3338
CA3420

CA3440
CA3450
CA5130

CA5160

CA5260

CA5420
CA5470

CD22100

Alpha Numeric Product Index (continueq)

BiMOS Operational Amplifier with MOSFET Input/Bipolar Output . .

High-Voltage Diode Array For Commercial, Industrial &
Military Applications .. ... ... ... ...

High-Voltage Transistor Arrays. .. ........ccuiiiinnnennn.
BiMOS Operational Amplifiers with MOSFET Input/CMOS Output .
BCD to Seven Segment Decoder/Driver ....................
A/D Converter for 3-Digit Display .. . ...,
High-Voltage Transistor Arrays. .. .......oouvuniennenn..
FMIF System . . ..o
BiCMOS Precision Operational Amplifiers ... ................
Single Chip PAL Luminance/Chroma Processor . .............
Single Chip TV Chroma/Luminance Processor ...............

High-Frequency N-P-N Transistor Arrays For Low-Power
Applications at Frequencies Upto 1.5GHz. .. ................

Dual BiMOS Operational Amplifier with MOSFET Input/Bipolar Output

High-Frequency N-P-N Transistor Arrays For Low-Power
Applications at Frequencies Upto 1.5GHz. .. ................

BiMOS Analog Video Switch and Amplifier ..................
BiMOS Operational Amplifier with MOSFET Input/CMOS Output .
Dual Variable Operational Amplifier . .......................

BiMOS Dual Voltage Comparator with MOSFET Input,
Bipolar Output. . . ... ..

CMOS Video Speed 4-Bit Flash A/D Converter...............
CMOS Video Speed 6-Bit Flash A/D Converter...............
CMOS 10-Bit A/D Converter with Internal Track and Hold. . . . . ..
CMOS 10-Bit A/D Converter with Internal Track and Hold. . . . . ..
CMOS Video Speed 8-Bit Flash A/D Converter...............
CMOS Video Speed 8-Bit R2R D/A Converter. ...............
CMOS Video Speed 8-Bit R2R D/A Converter. .. .............

Low Supply Voltage, Low Input Current BIMOS
Operational Amplifiers ......... ... .. ... ... o .

Nanopower BiMOS Operational Amplifier ...................
Video Line Driver, High Speed Operational Amplifier. ..........

BiMOS Microprocessor Operational Amplifier with MOSFET
Input/CMOS Output ...

BiMOS Microprocessor Operational Amplifiers with MOSFET
Input/CMOS Output ... ... i

BiMOS Microprocessor Operational Amplifiers with MOSFET
Inpu/CMOS Output ...

Low Supply Voltage, Low Input. Current BIMOS Operational Amplifier

Quad Microprocessor BiMOS-E Operational Amplifiers with
MOSFET Input/BipolarOQutput . . .. ...coveieii e

CMOS 4 x 4 Crosspoint Switch with Control Memory
High-Voltage Type (20V Rating). .. . ... ..o

NOTE: Bold Type Designates a New Product from Harris. 1-3
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12-3
2-5

2-123

6-52
6-55
2-143
6-55
7-29
2-160
7-36
7-45

6-65
2171

6-65
7-54
2-187
2-191

3-17

2-202
2-207
2-213

2-221

2-238

2-258
2-263

2-270

8-3
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Alpha Numeric Product Index (continued)

95 NEW
RELEASES 94DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

CD22101 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory. . ... ... : - - - 8-12
CD22102 CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory. ... . ... - - - 8-12
CD22103A CMOS HDBS3 (High Density Bipolar 3) Transcoder for 2.048/8.448

Mb/s Transmission Applications. . ......... ... ... ... ....... - - - 8-24
CD22202 5V Low Power DTMF Receiver .......... ... ... - - - 8-30
CD22203 5V Low Power DTMF Receiver .................coinio... - - - 8-30
CD22204 5V Low Power Subscriber DTMF Receiver .................. - - - 8-36
CD22301 Monolithic Pan Repeater ........ ... . ... ... ... ... . ... - - - 8-41
CD22354A CMOS Single-Chip, Full-Feature PCM CODEC. . ............. - - - 8-46
CD22357A CMOS Single-Chip, Full-Feature PCM CODEC. .. ............ - - - 8-46
CD22402 Sync Generator for TV Applications and Video

Processing Systems. .. ... ... - - - 7-66
CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency

Tone Generator
CD22M3493 12 x 8 x 1 BIMOS-E Crosspoint Switch . .................... - - - 8-56
CD22M3494 16 x 8 x 1 BIMOS-E Crosspoint Switch ..................... - - - 8-61
CD74HC22106 QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control .. ..... - - - 8-72
CD74HCT22106 QMOS 8 x 8 x 1 Crosspoint Switch with Memory Control .. ..... - - - 8-72
DECIesMATE™ Harris HSP43220 Decimating Digital Filter

Development Software. . ........ . i - - 8-3 -
DG181 High-Speed Driver with JFET Switches . .............. ... ... (AnswerFAX Only) Document # 3114
DG182 High-Speed Driver with JFET Switches . .. ............... ... (AnswerFAX Only) Document # 3114
DG184 High-Speed Driver with JFET Switches .. ............... ... (AnswerFAX Only) Document # 3114
DG185 High-Speed Driver with JFET Switches . .................... (AnswerFAX Only) Document # 3114
DG187 High-Speed Driver with JFET Switches . .. .............. . ... (AnswerFAX Only) Document # 3114
DG188 High-Speed Driver with JFET Switches . .. ........ ... ... ... (AnswerFAX Only) Document # 3114
DG190 High-Speed Driver with JFET Switches . ....... ... ... ... ... (AnswerFAX Only) Document # 3114
DG191 High-Speed Driver with JFET Switches . .................... (AnswerFAX Only) Document # 3114
DG200 CMOS Dual/Quad SPST Analog Switches. . ................. - 9-13 - -
DG201 CMOS Dual/Quad SPST Analog Switches. .. ................ - 9-13 - -
DG201A Quad SPST CMOS Analog Switches . . ..................... - 9-21 - -
DG202 Quad SPST CMOS Analog Switches. . ..................... - 9-21 - -
DG211 SPST 4 Channel Analog Switch. . ......................... - 9-25 - -
DG212 SPST 4 Channel Analog Switch. . ....... .. ... .. .. ....... - 9-25 - -
DG300A TTL Compatible CMOS Analog Switches. .. ................. - 9-30 - -
DG301A TTL Compatible CMOS Analog Switches. . .................. - 9-30 - -
DG302A TTL Compatible CMOS Analog Switches. . .................. - 9-30 - -
DG303A TTL Compatible CMOS Analog Switches. .. ................. - 9-30 - -
DG308A Quad Monolithic SPST CMOS Analog Switches .............. - 9-37 - -
DG309 Quad Monolithic SPST CMOS Analog Switches .............. - 9-37 - -
DG401 Monolithic CMOS Analog Switches . ..................... 7-3 - - -
DG403 Monolithic CMOS Analog Switches ...................... 7-3 - - -
DG405 Monolithic CMOS Analog Switches ... ................... 7-3 - - -

NOTE: Bold Type Designates a New Product from Harris. 1-4



DG406

DG407

DG408

DG409

DGA411
DG412
DG413
DG441
DG442
DG444
DG445
DG458

DG459

DG506A
DG507A
DG508A
DG509A
DG526

DGs27

DG528

DG529

HA-2400
HA-2404
HA-2405
HA-2406
HA-2420
HA-2425
HA-2444
HA-2500
HA-2502
HA-2505
HA-2510
HA-2512
HA-2515
HA-2520
HA-2522
HA-2525

Alpha Numeric Product Index (continueq)

Single 16-Channel/Differential 8-Channel CMOS
Analog Multiplexers .. .............. ... ...

Single 16-Channel/Differential 8-Channel CMOS
Analog Multiplexers .. ......... ... .. ... .......

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

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

Monolithic Quad SPST CMOS Analog Switches . ... ..
Monolithic Quad SPST CMOS Analog Switches . .. . ..
Monolithic Quad SPST CMOS Analog Switches . . .. ..
Monolithic Quad SPST CMOS Analog Switches . . . . ..
Monolithic Quad SPST CMOS Analog Switches . . . . ..
Monolithic Quad SPST CMOS Analog Switches . . .. ..
Monolithic Quad SPST CMOS Analog Switches . ... ..

Single 8-Channel/Differential 4-Channel Fault Protected
Analog Multiplexers . ........ ... .. .. L.

Single 8-Channel/Differential 4-Channel Fault Protected
Analog Multiplexers ........... . ... ... ... ...

CMOS Analog Multiplexers. ......................
CMOS Analog Multiplexers. ......................
CMOS Analog Multiplexers. .. ....................
CMOS Analog Multiplexers. . .....................
Analog CMOS Latchable Multiplexers ... ...........
Analog CMOS Latchable Multiplexers . .............
Analog CMOS Latchable Multiplexers . .............
Analog CMOS Latchable Multiplexers ... ...........
PRAM Four Channel Programmable Amplifiers. .. .. ..
PRAM Four Channel Programmable Amplifiers. ... ...
PRAM Four Channel Programmable Amplifiers. . ... ..
Digitally Selectable Four Channel Operational Amplifier
Fast Sample and Hold Amplifiers..................
Fast Sample and Hold Amplifiers..................
Selectable, Four Channel Video Operational Amplifier .
Precision High Slew Rate Operational Amplifiers. . .. ..
Precision High Slew Rate Operational Amplifiers. . . . ..
Precision High Slew Rate Operational Amplifiers. . . . ..
High Slew Rate Operational Amplifiers. .............
High Slew Rate Operational Amplifiers. . ............
High Slew Rate Operational Amplifiers. ... ..........
Uncompensated High Slew Rate Operational Amplifiers
Uncompensated High Slew Rate Operational Amplifiers
Uncompensated High Slew Rate Operational Amplifiers

NOTE: Bold Type Designates a New Product from Harris. 1-5
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- 10-15

- 10-15

- 10-17

- 10-17
- 9-44
- 9-44
- 9-44
- 953
- 9-53
- 9-63
- 9-63

- 10-31

- 10-31
- 10-41
- 10-41
- 10-41
- 10-41
- 10-54
- 10-54
- 10-54
- 10-54

94DSP  93LIN
DB302B DB500B

- 2-275
- 2-275
- 2-275
- 2-281
- 4-3

- 4-3

- 2-287
- 2-290
- 2-290
- 2-290
- 2-296
- 2-296
- 2-296
- 2-301
- 2-301
- 2-301
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HA-2529

HA-2539
HA-2540
HA-2541

HA-2542

HA-2544
HA-2546
HA-2547
HA-2548
HA-2556
HA-2557
HA-2600
HA-2602
- HA-2605
HA-2620
HA-2622
HA-2625
HA-2640
HA-2645
HA-2705
HA-2839
HA-2840
HA-2841

HA-2842

HA-2850
HA4201
HA4314
HA4314A
HA4344B

HA4404
HA4404A
HA4600
HA-4741
HA-4900
HA-4902
HA-4905
HA-5002

Alpha Numeric Product Index (continueq)

Uncompensated, High Slew Rate High Output Current,
Operational Amplifier ... ... ...

Very High Slew Rate Wideband Operational Amplifier. .. .......
Wideband, Fast Settling Operational Amplifier. . ..............

Wideband, Fast Settling, Unity Gain Stable,
Operational Amplifier . ......... ... . ... .. i

Wideband, High Slew Rate, High Output Current
Operational Amplifier . .......... ... i

Video Operational Amplifier ............ ... ... .. ... ...
Wideband Two Quadrant Analog Multiplier ..................
Wideband Two Quadrant Analog Multiplier ..................
Precision, High Slew Rate, Wideband Operational Amplifier . . . . .
Wideband Four Quadrant Voltage Output Analog Multiplier. . . . . .
Wideband Four Quadrant Current Output Analog Multiplier. . . . . .
Wideband, High Impedance Operational Amplifiers. ...........
Wideband, High Impedance Operational Amplifiers. ...........
Wideband, High Impedance Operational Amplifiers. ...........
Very Wideband, Uncompensated Operational Amplifiers. .. ... ..
Very Wideband, Uncompensated Operational Amplifiers. . . .. ...
Very Wideband, Uncompensated Operational Amplifiers. . ... ...
High Voltage Operational Amplifiers. . ......................
High Voltage Operational Amplifiers. .. .....................
Low Power, High Performance Operational Amplifier ..........
Very High Slew Rate Wideband Operational Amplifier. . ........
Very High Slew Rate Wideband Operational Amplifier. ... ......

Wideband, Fast Settling, Unity Gain Stable, Video
Operational Amplifier . ...... ... ... ... .. . i

Wideband, High Slew Rate, High Output Current,
Video Operational Amplifier ........... ... ... ... ... ... ...

Low Power, High Slew Rate Wideband Operational Amplifier . . . .
Wideband, 1 x 1 Video Crosspoint Switch with Tally Output . .
Wideband, 4 x 1 Video Crosspoint Switch.................
Wideband, 4 x 1 Video Crosspoint Switch.................

Wideband, 4 x 1 Video Crosspoint Switch with
Synchronous Controls. . ......... ... ... .. ... ... .......

Wideband, 4 x 1 Video Crosspoint Switch with Tally Outputs .
Wideband, 4 x 1 Video Crosspoint Switch with Tally Outputs .
Wideband, Video Buffer with Output Disable ..............
Quad Operational Amplifier ......... .. ... ... ..
Precision Quad Comparator. ... ............ ...,
Precision Quad Comparator. .............oviuieenaen....
Precision Quad Comparator. .. ..........c.coiiiinenennn..

Monolithic, Wideband, High Slew Rate, High Output
CurrentBuffer. . ... .

NOTE: Bold Type Designates a New Product from Harris. 1-6
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8-3
8-10
8-10

8-18
8-21
8-21
8-29

DB301B DB302B DB500B

- 2-308
- - 2-315
- - 2-322

- - 2-330

- - 2-338
- - 2-348
- 7-76

- 7-89

- - 2-358
- - 7-97

- - 7-101
- - 2-368
- - 2-368
- - 2-368
- - 2-376
- 2-376
- - 2-376
- - 2-383
- - 2-383
- - 2-389
- - 2-392
- - 2-400

- - 2-408

- - 2-417
- 2-426

- - 2-434
- - 3-25
- - 3-25
- - 3-25

- - 2-440



Alpha Numeric Product Index (continueq)

95 NEW
RELEASES 94DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

HA-5004 100MHz Current Feedback Amplifier .. ........... ... ... ... - - - 2-448
HA5013 Triple 125MHz Video Amplifier ........... ... ............ 2-3 - - -
HA-5020 100MHz Current Feedback Video Amplifier .. .............. 2-17 - - -
HA5022 Dual 125MHz Video Current Feedback Amplifier with Disable. ~ 2-37 - - -
HA5023 Dual 125MHz Video Current Feedback Amplifier. . ....... ... 2-53 - - -
HA5024 Quad 125MHz Video Current Feedback Amplifier with Disable  2-67 - - -
HA5025 Quad 125MHz Video Current Feedback Amplifier........... 2-83 - - -
HA-5033 Video Buffer . ... .. . - - - 2-470 >
HA-5101 Low Noise, High Performance Operational Amplifiers .. ........ - - - 2-480 a9
HA-5102 Low Noise, High Performance Operational Amplifiers .. .. ... ... - - - 2-490 é g
HA-5102 Low Noise, High Performance Operational Amplifiers ... . ... ... - - - 2-490 E g
HA-5102 Low Noise, High Performance Operational Amplifiers ... . ... ... - - - 2-490 (L] %
HA-5104 Low Noise, High Performance Operational Amplifiers .. ... ..... - - - 2-490 -
HA-5104 Low Noise, High Performance Operational Amplifiers ... ... .... - - - 2-490
HA-5104 Low Noise, High Performance Operational Amplifiers ... ... .. .. - - - 2-490
HA-5111 Low Noise, High Performance Operational Amplifiers ... .. ... .. - - - 2-480
HA-5112 Low Noise, High Performance Operational Amplifiers . ... ... ... - - - 2-490
HA-5114 Low Noise, High Performance Operational Amplifiers ... ....... - - - 2-490
HA-5127 Ultra-Low Noise Precision Operational Amplifier .. ............ - - - 2-500
HA-5130 Precision Operational Amplifiers. . ........... ... ... ... .... - - - 2-509
HA-5134 Precision Quad Operational Amplifier. . .. ................... - - - 2-517
HA-5135 Precision Operational Amplifiers. .. ........ ... .. ... ...... - - - 2-509
HA-5137 Ultra-Low Noise Precision Wideband Operational Amplifier. . . . .. - - - 2-525
HA-5144 Dual/Quad Ultra-Low Power Operational Amplifiers. . .. ........ - - - 2-533
HA-5147 Ultra-Low Noise Precision High Slew Rate Wideband
Operational Amplifier . ... ... . - - - 2-540
HA-5160 Wideband, JFET Input High Slew Rate, Uncompensated,
Operational Amplifiers . ........... ... ... . - - - 2-548
HA-5162 Wideband, JFET Input High Slew Rate, Uncompensated,
Operational Amplifiers . ... .. - - - 2-548
HA-5170 Precision JFET Input Operational Amplifier . ................. - - - 2-556
HA-5177 Ultra-Low Offset Voltage Operational Amplifier ... ............ - - - 2-564
HA-5190 Wideband, Fast Settling Operational Amplifiers. .. ............ - - - 2-574
HA-5195 Wideband, Fast Settling Operational Amplifiers. .. ............ - - - 2-574
HA-5221 Low Noise, Wideband Precision Operational Amplifiers. . ....... - - 2-582
HA-5222 Low Noise, Wideband Precision Operational Amplifiers. . ....... - - 2-582
HA5232 Precision Dual and Quad Operational Amplifiers. .. ........... - - - 2-593
HA5234 Precision Dual and Quad Operational Amplifiers .. ............ - - - 2-593
HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier . . .. - - - 4-12
HA-5330 Very High Speed Precision Monolithic Sample and Hold Ampilifier. . - - - 4-19
HA-5340 High Speed, Low Distortion, Precision Monolithic Sample and
Hold Amplifier. . ... - - - 4-23
HA5351 Fast Acquisition Sample and Hold Amplifier............... 3-3 - - -
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HA5352 Fast Acquisition Dual Sample and Hold Amplifier .......... 3-11 - - -
HA7210 Low Power Crystal Oscillator . .......................... 9-1 - - -
HA7211 Low Power Crystal Oscillator ... ........................ 9-1 - -
HC-5502B SLIC Subscriber Line Interface Circuit . . .................... - - - 8-81
HC-5504B SLIC Subscriber Line Interface Circuit ... ................... - - - 8-90
HC-5504DLC SLIC Subscriber Line Interface Circuit . .. ........... ... . .... - - 8-98
HC-5509A1 SLIC Subscriber Line Interface Circuit . . .................... - - - 8-106
HC-5509B SLIC Subscriber Line Interface Circuit . ... .................. - - - 8-116
HC-5513 Subscriber Line Interface Circuit ..................... ... 12-3 - - -
HC-5524 SLIC Subscriber Line Interface Circuit . . .................... - - - 8-126
HC-5560 PCM Transcoder. . . ...t - - - 8-135
HC-55536 Continuous Variable Slope Delta-Demodulator (CVSD)......... - - - 8-144
HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). ......... - - - 8-147
HFA-0001 Ultra High Slew Rate Operational Amplifier . ................. - - - 2-598
HFA-0002 Low Noise Wideband Operational Amplifier. ................. - - - 2-608
HFA-0003L Ultra High Speed Comparator ...............c.coiuiuinn. - - - 3-33
HFA-0003 Ultra High Speed Comparator ............................ - - - 3-33
HFA-0005 High Slew Rate Operational Amplifier . ..................... - - - 2-617
HFA1100 Ultra High-Speed Current Feedback Amplifiers . .. ............ - - - 2-627
HFA1102 Ultra High-Speed Current Feedback Amplifier with

CompensationPin ........ ... ... ... ... ... ... ... 2-97 - - -
HFA1103 Video Op Amp with High Speed Sync Stripper . ............ 2-102 - - -
HFA1105 High-Speed, Low Power, Current Feedback Video

Operational Amplifier. . ........... ... ... ... ... ... ... 2-108 - - -
HFA1106 High Speed, Low Power, Video Operational Amplifier with

CompensationPin .............. ... ... ... ... ... ....... 2-119 - - -
HFA1109 High-Speed, Low Power, Current Feedback Amplifiers . . .. .. 2-133 - - -
HFA1110 750MHz Low Distortion Unity Gain, Closed Loop Buffer ........ - - - 2-637
HFA1112 Ultra High-Speed Programmable Gain Buffer Amplifier. . . . .. 2-134 - - -
HFA1113 Output Limiting, Ultra High Speed, Programmable Gain,

Buffer Amplifier. . . ...... ... ... 2-146 - - -
HFA1114 Ultra High Speed Programmable Gain Buffer Amplifier. . . ... 2-162 - - -
HFA1115 High-Speed, Low Power, Output Limiting, Closed Loop

Buffer Amplifier. .. ........ ... ... 2-167 - - -
HFA1118 Programmable Gain Video Buffers with Output Limiting

andOutputDisable............. ... ... ... ... ... ... ... 2-174 - - -
HFA1119 Programmable Gain Video Buffers with Output Limiting

andOutputDisable.. ... .. ... ... ... ... ... ... ... ... ... 2-174 - - -
HFA1120 Ultra High-Speed Current Feedback Amplifiers . .............. - - - 2-627
HFA1130 Output Clamping, Ultra High-Speed Current Feedback Amplifier. . . - - - 2-659
HFA1135 High-Speed, Low Power, Video Operational Amplifier

with Output Limiting ......... . o - 2-175 - -
HFA1145 High-Speed, Low Power, Current Feedback Video Operational

Amplifier with Output Disable . .. ........................ 2-180 - - -
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HFA1149 High-Speed, Low Power, Current Feedback Amplifiers .. . ... 2-133 - - -
HFA1205 Dual High-Speed, Low Power, Video Operational Amplifier...  2-193 - - -
HFA1212 Dual/Quad High Speed, Low Power Closed Loop

Buffer Amplifiers. . ...... ... ... . 2-200 - - -
HFA1245 Dual, High-Speed, Low Power, Video Operational Amplifier

withDisable. .. ... ... .. .. ... ... 2-204 - - -
HFA1405 Quad, High-Speed, Low Power, Video Operational Amplifier .  2-210 - - -
HFA1412 Dual/Quad High Speed, Low Power Closed Loop

. Buffer Amplifiers. ......... ... . 2-200 - - -

HFA3046 Ultra High Frequency Transistor Array. . .................. 9-14 - - -
HFA3096 Ultra High Frequency Transistor Array. ... ................ 9-14 - - -
HFA3101 Gilbert Cell UHF Transistor Array . ....................... 9-24 - - -
HFA3102 Dual Long-Tailed Pair Transistor Array ................... 9-36 - - -
HFA3127 Ultra High Frequency Transistor Array. ... ................ 9-14 - - -
HFA3128 Ultra High Frequency Transistor Array. . .................. - 914 - - -
HFA3600 Low-Noise Amplifier/Mixer. ... ....... ... ... ... .......... 9-42 - - -
HFA5250 Ultra High-Speed Monolithic Pin Driver ..................... - - - 7-108
HFA5253 Ultra High-Speed Monolithic Pin Driver . .. ................ 9-57 - - -
HI-DAC80V 12-Bit, Low Cost, Monolithic D/A Converter. ................. - 8-50 - -
HI-DAC85V 12-Bit, Low Cost, Monolithic D/A Converter. . ................ - 8-50 - -
HiI-200 Dual/Quad SPST CMOS Analog Switches . ................ 9-73 - - -
HI-201 Dual/Quad SPST CMOS Analog Switches. .. ................ - 9-73 - -
HI-201HS High Speed Quad SPST CMOS Analog Switch............... - 9-82 - -
HI-222 High Frequency/Video Switch. . .......... .. ... ............ (AnswerFAX Only) Document # 3124
HI-300 CMOS Analog Switches . .. ... ... - 9-93 - -
HI-301 CMOS Analog Switches . . . ... - 9-93 - -
HI-302 CMOS Analog Switches . ... ... .o - 9-93 - -
HI-303 CMOS Analog Switches . ........ ... i - 9-93 - -
HI-304 CMOS Analog Switches . .. ... - 9-93 - -
HI-305 CMOS Analog Switches . .. ....... ... . i - 9-93 - -
HI-306 CMOS Analog Switches . .. ... ... i - 9-93 - -
HI-307 CMOS Analog Switches . . ...t - 9-93 - -
HI-381 CMOS Analog Switches . .. ... - 9-103 - -
HI-384 CMOS Analog Switches . .. ... .. - 9-103 - -
HI-387 CMOS Analog Switches . ............ i - 9-103 - -
HI-390 CMOS Analog Switches . .. ... - 9-103 - -
HI-506 Single 16 and 8/Differential 8 and 4 Channel CMOS

Analog Multiplexers ......... ... ... . i - 10-78 - -
HI-506A 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel

CMOS Analog MUXs with Active Overvoltage Protection ....... - 10-95 - -
HI-507 Single 16 and 8/Differential 8 and 4 Channel CMOS

Analog Multiplexers .......... .. - 10-78 - -
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HI-507A 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel

CMOS Analog MUXs with Active Overvoltage Protection . ...... - 10-95 - -
HI-508 Single 16 and 8/Differential 8 and 4 Channel CMOS

Analog Multiplexers ............ it - 10-78 - -
HI-508A 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel

CMOS Analog MUXs with Active Overvoltage Protection ....... - 10-95 - -
HI-509 Single 16 and 8/Differential 8 and 4 Channel CMOS

Analog Multiplexers ... ... ... . . - 10-78 - -
HI-509A 16 Channel, 8 Channel, Differential 8 and Differential 4 Channel

CMOS Analog MUXs with Active Overvoltage Protection . ...... - 10-95 - -
HI-516 16 Channel/Differential 8 Channel CMOS High Speed

Analog Multiplexer . ...... ... ... - 10-109 - -
HI-518 8 Channel/Differential 4 Channel CMOS High Speed

Analog Multiplexer ........ ... . . - 10-116 - -
HI-524 4 Channel Wideband and Video Multiplexer. . ................ - 10-123 - -
HI-539 Monolithic, 4 Channel, Low Level, Differential Multiplexer. . ... .. - 10-129 - -
HI-546 Single 16 and 8, Differential 8 and 4 Channel CMOS Analog

MUXs with Active Overvoltage Protection . .................. - 10-140 - -
HI-547 Single 16 and 8, Differential 8 and 4 Channel CMOS Analog

MUXs with Active Overvoltage Protection ................... - 10-140 - -
HI-548 Single 16 and 8, Differential 8 and 4 Channel CMOS Analog

MUXs with Active Overvoltage Protection ................... - 10-140 - -
HI-549 Single 16 and 8, Differential 8 and 4 Channel CMOS Analog

MUXs with Active Overvoltage Protection ................... - 10-140 - -
HI-562A 12-Bit High Speed Monolithic D/A Converter ... .............. (AnswerFAX Only) Document # 3580
HI-565A High Speed Monolithic D/A Converter with Reference.......... - 8-42 - -
HI-574A Complete 12-Bit A/D Converter with Microprocessor Interface . . . - 5-34 - -
HI-674A Complete 12-Bit A/D Converter with Microprocessor Interface . .. - 5-34 - -
HI-774 Complete 12-Bit A/D Converter with Microprocessor Interface . .. - 5-34 - -
HI-1818A Low Resistance, Single 8 Channel and Differential 4 Channel

CMOS Analog Multiplexers. ..............o ... - 10-70 - -
HI-1828A Low Resistance, Single 8 Channel and Differential 4 Channel

CMOS Analog Multiplexers. ............ ... ... ..., - 10-70 - -
HI1166 8-Bit, 250 MSPS Flash A/D Converter...................... - 6-43 - -
HI1171 8-Bit, 40 MSPS High Speed D/A Converter .. ................ - 8-57 - -
HI1175 8-Bit, 20 MSPS Flash A/D Converter ... .................... - 7-3 - -
HI1176 8-Bit, 20 MSPS Flash A/D Converter . .. .. .................. - 7-12 - -
HI1179 8-Bit, 35 MSPS Video AID Converter. . ... ................. 4-3 - - -
HI1276 8-Bit, 500 MSPS Flash A/D Converter...................... - 6-54 - -
H11386 8-Bit, 75 MSPS Flash A/D Converter . .. .................... - 6-64 - -
HI1396 8-Bit, 125 MSPS Flash A/D Converter . . ... ..., - 6-72 - -
HI3050 10-Bit, 50 MSPS High Speed 3-Channel D/A Converter . .. ... 5-3 - - -
HI-5040 CMOS Analog Switches . .. ...t - 9-110 - -
HI-5041 CMOS Analog Switches . . ...t - 9-110 - -
HI-5042 CMOS Analog Switches .. ...t - 9-110 - -
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HI-5045
HI-5046
HI-5046A
HI-5047
HI-5047A
HI-5048
HI-5049
HI-5050
HI-5051
HI-5700
HI-5701
HI5702
HI5703
HI5705
HI5710
HI5714
HI5721
HI5780
HI5800
HI5805
HI5810

HI5812

HI5813

HI7131

HI7133

HI7151
HI7152
HI-7153
HI-7159A
Hi7188
HI7190
HI20201
HI20203
HIN200

HIN201
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CMOS Analog Switches . .. ......... . .. - 9-110 - -
CMOS Analog Switches . .......... i - 9-110 -
CMOS Analog Switches . . ... ... oo - 9-110 - -
CMOS Analog Switches . ........ ... ... - 9-110 - -
CMOS Analog Switches . . ... - 9-110 - -
CMOS Analog Switches . .. ... ... i - 9-110 - -
CMOS Analog Switches . . ... - 9-110 - -
CMOS Analog Switches . . .......... ... . - 9-110 - -
CMOS Analog Switches . . ... - 9-110 - -
CMOS Analog Switches . .. ......... .. .. - 9-110 - -
CMOS Analog Switches . .. ... o i - 9-110 - -
8-Bit, 20 MSPS Flash A/D Converter. .. ................... 4-16 - - -
6-Bit, 30 MSPS Flash A/D Converter . ...................... - 6-93 - -
10-Bit, J0 MSPS A/DConverter. . ........................ 4-28 - - -
10-Bit, AOMSPS A/DConverter. .. ....................... 4-41 - - -
Low Cost 10-Bit, 40 MSPS A/D Converter ................. 4-51 - - -
10-Bit, 20 MSPS A/DConverter.................c......... 4-53 - - -
8-Bit, 75 MSPS A/DConverter . . ......................... 4-69 - - -
10-Bit, 125 MSPS High Speed D/A Converter. . ... .......... 5-14 - - -
10-Bit, 80 MSPS High Speed, Low Power D/A Converter . . ... 5-28 - - -
12-Bit, 3 MSPS Sampling A/D Converter .................. 4-80 - - -
12-Bit, 5SMSPS A/DConverter........................... 4-94 - - -
CMOS 10ps 12-Bit Sampling A/D Converter with Internal

Trackand Hold . .. ... .. . - 5-52 - -
CMOS. 20ps 12-Bit Sampling A/D Converter with Internal

Trackand Hold . . ... ... ... - 5-65 - -
CMOS 3.3V, 25us 12-Bit Sampling A/D Converter with Internal

Trackand Hold . . ... ... - 5-79 - -
31/2 Digit Low Power, High CMRR LCD/LED Display Type

AD Converter. . ...t - 2-12 - -
31/2 Digit Low Power, High CMRR LCD/LED Display Type

AD Converer. . ..ot - 2-12 - -
10-Bit High Speed A/D Converter with Trackand Hold ......... (AnswerFAX Only) Document # 3099
10-Bit High Speed A/D Converter with Track and Hold .. ... .... (AnswerFAX Only) Document # 3100
8 Channel, 10-Bit High Speed Sampling A/D Converter ........ 7-37 - -
Microprocessor Compatible 51/2 Digit A/D Converter .......... - 3-3 - -
8-Channel, 16-Bit High Precision Sigma-Delta A/D Converter.  4-103 - - -
24-Bit High Precision Sigma Delta A/D Converter. .......... 4-110 - - -
10/8-Bit, 160 MSPS Ultra High Speed D/A Converter .......... - 8-65 - -
10/8-Bit, 160 MSPS Ultra High Speed D/A Converter .......... - 8-65 - -
+5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors .. ..................... 6-3 - - -

+5V Powered RS-232 Transmitters/Receivers with
0.1Microfarad External Capacitors ....................... 6-3 - - -
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HIN202 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors .. ..................... 6-3 - - -
HIN204 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . ...................... ' 6-3 - - -
HIN206 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . ...................... 6-3 - - -
HIN207 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . . ..................... 6-3 - - -
HIN208 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . . ..................... 6-3 - - -
HIN209 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . .. .................... 6-3 - - -
HIN211 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . ...................... 6-3 - - -
HIN213 +5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors . ...................... 6-3 - - -
HIN230 +5V Powered RS-232 Transmitters/Receivers. . .............. - 11-3 - -
HIN231 +5V Powered RS-232 Transmitters/Receivers. ... ............ - 11-3 - -
HIN232 +5V Powered RS-232 Transmitters/Receivers. ... ............ - 11-3 - -
HIN234 +5V Powered RS-232 Transmitters/Receivers. ... ............ - 11-3 - -
HIN236 +5V Powered RS-232 Transmitters/Receivers................ - 11-3 - -
HIN237 +5V Powered RS-232 Transmitters/Receivers................ - 11-3 - -
HIN238 +5V Powered RS-232 Transmitters/Receivers................ - 11-3 - -
HIN239 +5V Powered RS-232 Transmitters/Receivers................ - 11-3 - -
HIN240 +5V Powered RS-232 Transmitters/Receivers. ... ............ - 11-3 - -
HIN241 +5V Powered RS-232 Transmitters/Receivers. . .............. - 11-3 - -
HMAS510 16 x 16-Bit CMOS Parallel Multiplier Accumulator. . ........... - - 2-3 -
HMA510/883 16 x 16-Bit CMOS Parallel Multiplier Accumulator . ............ - - 2-10 -
HMP8100 NTSC and PAL Video Decoder with 2 Dimensional

Up/DownScaler .............iiiiiiiiinnn.. 11-3 - - -
HMU16 16 x 16-Bit CMOS Parallel Multipliers. .. .................... - - 2-15 -
HMU16/883 16 x 16-Bit CMOS Parallel Multiplier ....................... - - 2-25 -
HMU17 16 x 16-Bit CMOS Parallel Multipliers. .. .................... - - 2-15 -
HMU17/883 16 x 16-Bit CMOS Parallel Multiplier ....................... - - 2-31 -
HSP-EVAL DSP Evaluation Platform ......... ... ... .. .. . .. - - 8-7 -
HSP9501 Programmable DataBuffer.............. .. ... ... ... .. .. - - 4-64 -
HSP9520 Multilevel Pipeline Registers. ........... ... ... oo, - - 7-42 -
HSP9521 Multilevel Pipeline Registers. .. ..., - - 7-42 -
HSP43124 Serial WOFilter .. ... .. ... ... ... . ... 10-3 - - -
HSP43168 DualFIRFilter. .. ... ... .. ... ... ... . . .. 10-17 - - -
HSP43168/883  Dual FIRFilter. . ... ..o - - 3-35 -
HSP43216 Halfband Filter ....... ... - - 3-43 -
HSP43220 Decimating Digital Filter . .. ......... ... .. i - - 3-60 -
HSP43220/883  Decimating Digital Filter . .. ........... ... ... .. - - 3-83 -
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HSP43481
HSP43481/883
HSP43881
HSP43881/883
HSP43891
HSP43891/883
HSP45102
HSP45106
HSP45106/883
HSP45116
HSP45116-DB
HSP45116/883
HSP45240
HSP45240/883
HSP45256
HSP45256/883
HSP48212
HSP48410
HSP48410/883
HSP48901
HSP48908
HSP48908/883
HSP50016
HSP50016-EV
HSP50110
ICL232
ICL71C03
ICL7104
ICL7106
ICL7107
ICL7109
ICL7112
ICL7115
ICL7116
ICL7117
ICL7121
ICL7126
ICL7129
ICL7134
ICL7135
ICL7136

Alpha Numeric Product Index (continues)

Digital Filter. . . ... .o
Digital Filter. . . ...
Digital Filter. . . .. ...
Digital Filter. . . .. ...
Digital Filter. . . ... .. .
Digital Filter. . . .. ...
12-Bit Numerically Controlled Oscillator. .. ..................
16-Bit Numerically Controlled Oscillator. . ...................
16-Bit Numerically Controlled Oscillator. .. ..................
Numerically Controlled Oscillator/Modulator. . ................
HSP45116 DaughterBoard ......... ... .. ... ............
Numerically Controlied Oscillator/Modulator. ... ..............
Address SeqUENCEr ... ...ttt
Address SeqUENCEY .. ...t e
Binary Correlator. . . ... ..
Binary Correlator. . ... ... .
Digital Video Mixer .. ... .. o
Histogrammer/Accumulating Buffer . ... ....... ... ... ...
Histogrammer/Accumulating Buffer . .......................
3x3Image Filter ... .. .
Two Dimensional Convolver. ........ .. ... ... ... ... .......
Two Dimensional Convolver. ............. . ...
Digital Down Converter. . . ...ttt
DDC Evaluation Platform . ........ . ... .. i i
Digital Quadrature Tuner .. .......... it
+5V Powered Dual RS-232 Transmitter/Receiver .............
Precision 4 1/2 Digit A/D Converter ........................
14/16-Bit uP-Compatible, 2-Chip A/D Converter . .............
31/2 Digit LCD/LED Display A/D Converter . .................
31/2 Digit LCD/LED Display A/D Converter . .................
12-Bit Microprocessor Compatible A/D Converter . ............
12-Bit High-Speed CMOS pP-Compatible A/D Converter .. .. ...
14-Bit High Speed CMOS puP-Compatible A/D Converter .. .. ...
31/2 Digit LCD/LED Display A/D Converter with Display Hold. . . .
31/2 Digit LCD/LED Display A/D Converter with Display Hold. ...

95 NEW

RELEASES 94 DAQ

DB314

DB301B DB302B DB500B

94 DSP

3-90
3-110
3-105
3-125
3-131
3-147
53
5-10
5-20
5-26
8-8
5-47
73
7-15
7-21
7-34
43
4-12
4-23
4-31
4-40
4-57
6-3
8-10
6-25

93 LIN

11-8

(AnswerFAX Only) Document # 3081
(AnswerFAX Only) Document # 3091

2-33
2-33
3-17

(AnswerFAX Only) Document # 3639
(AnswerFAX Only) Document # 3101

2-46
2-46

16-Bit Multiplying Microprocessor-Compatible D/A Converter . .. . (AnswerFAX Only) Document # 3112
(AnswerFAX Only) Document # 3084

31/2 Digit Low Power Single-Chip A/D Converter .............
41/2 Digit LCD Single-Chip A/D Converter. . .................
14-Bit Multiplying uP-Compatible D/A Converter . .............
41/2 Digit BCD Output A/D Converter ............couonuu...

31/2 Digit LCD/LED Low Power Display A/D Converter with
Overrange Recovery.......... ...,
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ICL7137

ICL7139
ICL7149
ICL7611
ICL7612
ICL7621
ICL7641
ICL7642
ICL7650S
ICL8013
ICL8038
ICL8048
ICL8049
ICL8052
ICL8052
ICL8068
ICL8068
ICL8069
ICM7170
ICM7211
ICM7212
ICM7213
ICM7216A
ICM7216B
ICM7216D
ICM7217
ICM7224
ICM7226A
ICM7226B
ICM7228
ICM7231
ICM7232
ICM7242
ICM7243
ICM7249
ICM7555
ICM7556
IH401A
IH5009
IH5010
IH5011

Alpha Numeric Product Index (continueq)

31/2 Digit LCD/LED Low Power Display A/D Converter with

Overrange ReCOVEIY. .. ...ttt
33/4 Digit Autoranging Multimeter ............ ... ... .....
33/4 Digit Autoranging Multimeter . ......................
ICL76XX Series Low Power CMOS Operational Amplifiers. . . .
ICL76XX Series Low Power CMOS Operational Amplifiers.. . . .
ICL76XX Series Low Power CMOS Operational Amplifiers.. . . .
ICL76 XX Series Low Power CMOS Operational Amplifiers . . . .
ICL76XX Series Low Power CMOS Operational Amplifiers.. . . .
Super Chopper-Stabilized Operational Amplifier . ...........
Four Quadrant Analog Multiplier. . . ....... ... ... ... ....
Precision Waveform Generator/Voltage Controlled Oscillator . . . .
Log/Antilog Amplifiers. . ... ... . i i i
Log/Antilog Amplifiers. . ... ... ... ... ...
14/16-Bit pP-Compatible, 2-Chip A/D Converter ............
Precision 4 1/2 Digit A/D Converter . .....................
14/16-Bit uP-Compatible, 2-Chip A/D Converter . ... ........
Precision 4 1/2 Digit D Converter ......................
Low Voltage Reference . .......... ... ... .. ... ... ...,
pP-Compatible Real-Time Clock . .......................
4-Digit ICM7211 (LCD) and ICM7212 (LED) Display Drivers. . .
4-Digit ICM7211 (LCD) and ICM7212 (LED) Display Drivers. . .
One Second/One Minute Timebase Generator ... ..........
8-Digit Multi-Function Frequency Counter/Timer . ...........
8-Digit Multi-Function Frequency Counter/Timer . ...........
8-Digit Multi-Function Frequency Counter/Timer . ...........
4-Digit LED Display Programmable Up/Down Counter . ... ...
41/2 Digit LCD Display Counter ... ........c.oviiann ..
8-Digit Multi-Function Frequency Counter/Timers .. .........
8-Digit Multi-Function Frequency Counter/Timers ...........
8-Digit puP Compatible LED Display Decoder Driver. ... ......
Numeric/Alphanumeric Triplexed LCD Display Driver ... .....
Numeric/Alphanumeric Triplexed LCD Display Driver ........
Long Range Fixed Timer ......... .. ... .. ...
8-Character pP-Compatible LED Display Decoder Driver . . ...
51/2 Digit LCD p-Power Event/Hour Meter. . ...............
General Purpose Timers. .. ....... ... i,
General Purpose Timers. . ........ ... o i
QUAD Varafet Analog Switch. . .........................
Virtual Ground Analog Switch. ............ L
Virtual Ground Analog Switch. .. ........................
Virtual Ground Analog Switch. . .........................

NOTE: Bold Type Designates a New Product from Harris. 1-14
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2-670
2-670
2-682
2-682
2-682
2-694
7-112
7-120
7-130
7-130

(AnswerFAX Only) Document # 3091
(AnswerFAX Only) Document # 3081
(AnswerFAX Only) Document # 3091
(AnswerFAX Only) Document # 3081

14-13
14-17
12-6

12-6

13-16
13-22
13-22
13-22
13-39
13-57
13-64
13-64
12-19
12-37
12-37
12-52
13-82

7-146
7-146

(AnswerFAX Only) Document # 3128
(AnswerFAX Only) Document # 3129
(AnswerFAX Only) Document # 3129
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IH5012
IH5014
IH5016
IH5017
IH5018
IH5019
IH5020
IH5022
IH5024
1H5043
IH5052
|H5053
IH5140
IH5141
IH5142
IH5143
IH5144
IH5145
IH5151
IH5341
IH5352
IH6108
1H6201
IH6208
LM324

LM339
LM358
LM555
LM%41
LM1458
LM1558
LM2902

LM2904

Alpha Numeric Product Index (continueq)

Virtual Ground Analog Switch. .. ......... . .. ... . ... ...
Virtual Ground Analog Switch. .. ..........................
Virtual Ground Analog Switch. .. ..........................
Virtual Ground Analog Switch. . ....... ... ... ..o o L.
Virtual Ground Analog Switch. . ....... ... ... ... . ...
Virtual Ground Analog Switch. .. .......... ... ... ... ......
Virtual Ground Analog Switch. .. ........... ... ............
Virtual Ground Analog Switch. .. ..........................
Virtual Ground Analog Switch. . ...........................
Dual SPDT CMOS Analog Switch .........................
Quad CMOS Analog Switch . ............ ... ... .......
Quad CMOS Analog Switch . ........ ... .. i
High-Level CMOS Analog Switch. .. ... ... ... ...........
High-Level CMOS Analog Switch. .. .......................
High-Level CMOS Analog Switch. . ......... ... ... .........
High-Level CMOS Analog Switch . ........................
High-Level CMOS Analog Switch. . ........................
High-Level CMOS Analog Switch. . ...... ... ... . ... .....
Dual SPDT CMOS Analog Switch .. .......................
Dual SPST, Quad SPST CMOS RF/Video Switches . ..........
Dual SPST, Quad SPST CMOS RF/Video Switches ... ........
8-Channel CMOS Analog Multiplexer. .. ....................
Dual CMOS Driver/Voltage Translator .. ....................
4-Channel Differential CMOS Analog Multiplexer. .. ...........

Quad Operational Amplifiers for Commercial, Industrial, and
Military Applications .. ..... ... ... .. ... L

Quad Voltage Comparators for Industrial, Commercial and
Military Applications .. ...... ... ... .

Dual Operational Amplifiers for Commercial Industrial, and
Military Applications ............ ..

Timers for Timing Delays and Oscillator Applications in
Commerecial, Industrial and Military Equipment ... ............

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications ... ..................

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications .. ...................

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications .. ...................

Quad Operational Amplifiers for Commercial, Industrial, and
Military Applications .. ....... .. .

Dual Operational Amplifiers for Commercial Industrial, and
Military Applications . ........ .. i
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Product Index by Family

95 NEW
RELEASES 94DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

A/D CONVERTERS

ADC0802, 8-Bit uP Compatible A/D Converters ....................... - 5-3 - -
ADC0803,
ADCO0804
CA3162 A/D Converter for 3-Digit Display ... ....................... - 2-5 - -
CA3304 CMOS Video Speed 4-Bit Flash A/D Converter............... - 6-5 - -
CA3306 CMOS Video Speed 6-Bit Flash A/D Converter. . ............. - 6-16 - -
CA3310, CMOS 10-Bit A/D Converter with Internal Track and Hold. .. .. .. - 5-19 - -
CA3310A
CA3318C CMOS Video Speed 8-Bit Flash A/D Converter............... - 6-31 - -
HI1166 8-Bit, 250 MSPS Flash A/D Converter .. .................... - 6-43 - -
HI1175 8-Bit, 20 MSPS Flash A/D Converter ... .................... - 7-3 - -
Hi1176 8-Bit, 20 MSPS Flash A/D Converter . ...................... - 7-12 - -
HI1179 8-Bit, 35 MSPS Video A/D Converter. . . ................... 4-3 - - -
HI1276 8-Bit, 500 MSPS Flash A/D Converter ...................... - 6-54 - -
HI1386 8-Bit, 75 MSPS Flash A/D Converter ....................... - 6-64 - -
HI1396 8-Bit, 125 MSPS Flash A/D Converter . ..................... - 6-72 - -
HI-5700 8-Bit, 20 MSPS Flash A/D Converter. .. ................... 4-16 - - -
HI-5701 6-Bit, 30 MSPS Flash A/D Converter ....................... - 6-93 - -
HI5702 10-Bit, AOMSPS A/DConverter . . ........................ 4-28 - - -
HI5703 10-Bit, 0 MSPS A/D Converter. .. ....................... 4-41 - - -
HI5705 Low Cost 10-Bit, 40 MSPS A/D Converter . ................ 4-51 - - -
HI5710 10-Bit,20 MSPS A/D Converter . . .............. ... . 4-53 - - -
HI5714 8-Bit, 75 MSPS A/DConverter. . ................ccovuon.. 4-69 - - -
HI-574A, Complete 12-Bit A/D Converter with Microprocessor
HI-674A, Interface . ... ... - 5-34 - -
HI-774
HI5800 12-Bit, 3 MSPS Sampling A/DConverter . ................. 4-80 - - -
HI5805 12-Bit, 5SMSPSA/DConverter. .................c.co..... 4-94 - - -
HI5810 CMOS 10ps 12-Bit Sampling A/D Converter

with Internal Trackand Hold. ... ............ .. ..o .. ..., - 5-52 - -
HI5812 CMOS 20ps 12-Bit Sampling A/D Converter

with Internal Trackand Hold. . .................. ... ... .. - 5-65 - -
HI5813 CMOS 3.3V, 25pus 12-Bit Sampling A/D Converter

with Internal Trackand Hold. .. .......... ... ... .. ... .. - 5-79 - -
HI7131, HI7133  31/2 Digit Low Power, High CMRR LCD/LED Display Type

AD Converter. . ........ ... i - 2-12 - -
HI7151 10-Bit High Speed A/D Converter with Track andHold ......... (AnswerFAX Only) Document # 3099
HI7152 10-Bit High Speed A/D Converter with Track and Hold . ... ..... (AnswerFAX Only) Document # 3100
HI-7153 8 Channel, 10-Bit High Speed Sampling A/D Converter ........ - 7-37 - -
HI-7159A Microprocessor Compatible 51/2 Digit A/D Converter .......... - 3-3 - -

NOTE: Bold Type Designates a New Product from Harris. 1-16



Product Index by Family (continueq)

A/D CONVERTERS (Continued)

HI7188 8-Channel, 16-Bit High Precision Sigma-Delta A/D Converter.
HI7190 24-Bit High Precision Sigma Delta A/D Converter. ........
ICL7106, 31/2 Digit LCD/LED Display A/D Converter .. ..............
ICL7107
ICL7109 12-Bit Microprocessor Compatible A/D Converter ...........
ICL7112 12-Bit High-Speed CMOS pP-Compatible A/D Converter . .. ..
ICL7115 14-Bit High Speed CMOS pP-Compatible A/D Converter . . . ..
ICL71186, 31/2 Digit LCD/LED Display A/D Converter with Display Hold . . . .
ICL7117
ICL7126 31/2 Digit Low Power Single-Chip A/D Converter ...........
ICL7129 41/2 Digit LCD Single-Chip A/D Converter. .. ..............
ICL7135 41/2 Digit BCD Output A/D Converter ....................
ICL7138, 31/2 Digit LCD/LED Low Power Display A/D Converter
ICL7137 with Overrange Recovery. . ......... ... ... ... .....
ICL7139, 33/4 Digit Autoranging Multimeter . ......................
ICL7149
ICL8052/ Precision 4 1/2 Digit A/D Converter . .....................
ICL71Co03,
ICL8068/ .
ICL71C03
ICL8052/ 14/16-Bit pP-Compatible, 2-Chip A/D Converter. . ..........
ICL7104,
ICL8068/
ICL7104

COMPARATORS

CA139, CA239,
CA339, LM339

CA3098

CA3290

HA-4900,
HA-4902,
HA-4905

HFA-0003,
HFA-0003L

Quad Voltage Comparators for Industrial, Commercial and

Military Applications .......... ... . ..

Programmable Schmitt Trigger - with Memory Dual Input

Precision Level Detectors. . .......... ... ... ... .......

BiMOS Dual Voltage Comparator with MOSFET Input,

Bipolar Output. . . ... ...

Precision Quad Comparator. ........... ...,

Ultra High Speed Comparator ..........................
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Product Index by Family (continueq)

COMMUNICATION INTERFACE

HIN200 thru
HIN213

HIN230 thru
HIN241

ICL232

+5V Powered RS-232 Transmitters/Receivers with

0.1Microfarad External Capacitors .. ...................

+5V Powered RS-232 Transmitters/Receivers. ... ..........

+5V Powered Dual RS-232 Transmitter/Receiver . ... .......

95 NEW
RELEASES 94DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS

ICM7213 One Second/One Minute Timebase Generator .............

ICM7216A, 8-Digit Multi-Function Frequency Counter/Timer .. ..........

ICM7216B,

ICM7216D

ICM7217 4-Digit LED Display Programmable Up/Down Counter .. .. ...

ICM7224 41/2 Digit LCD Display Counter .. .......................

ICM7226A, 8-Digit Multi-Function Frequency Counter/Timers . ..........

ICM7226B

ICM7249 51/2 Digit LCD p-Power Event/Hour Meter. .. ..............
D/A CONVERTERS

AD7520, 10-Bit, 12-Bit Multiplying D/A Converters . .. ...............

AD7530,

AD7521,

AD7531

AD7523, 8-Bit Multiplying D/A Converters. . . ...

AD7533

AD7541 12-Bit Multiplying D/A Converter. .. ...........c.ooiiinn..

AD7545 12-Bit Buffered Multiplying CMOSDAC .. .................

CA3338, CMOS Video Speed 8-Bit R2R D/A Converter. .............

CA3338A

HI-562A 12-Bit High Speed Monolithic D/A Converter . . .............

HI-565A High Speed Monolithic D/A Converter with Reference. .. ... ..

HI-DAC80V, 12-Bit, Low Cost, Monolithic D/A Converter. . . .............

HI-DAC85V

HI1171 8-Bit, 40 MSPS High Speed D/A Converter . ...............

HI3050 10-Bit, 50 MSPS High Speed 3-Channel D/A Converter .. ..

HI5721 10-Bit, 125 MSPS High Speed D/A Converter. ............

HI5780 10-Bit, 80 MSPS High Speed, Low Power D/A Converter . . .

HI20201, 10/8-Bit, 160 MSPS Ultra High Speed D/A Converter . .......

HI20203

ICL7121 16-Bit Multiplying Microprocessor-Compatible D/A Converter . . ..

ICL7134 14-Bit Multiplying pP-Compatible D/A Converter ............

NOTE: Bold Type Designates a New Product from Harris. 1-18
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Product Index by Family (continueq)

95 NEW
RELEASES 94 DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

DEVELOPMENT TOOLS
DECIsMATE™ Harris HSP43220 Decimating Digital Filter Development
Software .. ... - - 8-3 -
HSP-EVAL DSP Evaluation Platform .. ......... .. ... ... ... ... ... ... - - 8-7 -
HSP45116-DB HSP45116 DaughterBoard ............ ... ... ... ....... - - 8-8 -
HSP50016-EV DDC Evaluation Platform . ............. ... ... ... ... ... - - 8-10 -

DIFFERENTIAL AMPLIFIERS

CA3028, Differential/Cascode Amplifiers for Commercial and
CA3053 Industrial Equipment fromDCto 120MHz . .................. - - - 5-3
CA3049, Dual High Frequency Differential Amplifiers For
CA3102 Low Power Applications Up 500MHz . . ... .................. - - - 5-15
CA3054 Transistor Array - Dual independent Differential Amp for

Low Power Applications from DCto 120MHz. .. .............. - - - 5-24

DIGITAL VIDEO CAPTURE

HMP8100 NTSC and PAL Video Decoder with 2 Dimensional
Up/DownScaler ........ ... ... .. ... ... .. .. .. 11-3 - - -

DISPLAY DRIVERS

CA3161 BCD to Seven Segment Decoder/Driver . ................... - 12-3 - -
ICM7211, 4-Digit ICM7211 (LCD) and ICM7212 (LED) Display Drivers. . . .. - 12-6 - -
ICM7212

ICM7228 8-Digit pP Compatible LED Display Decoder Driver. ... ........ - 12-19 - -
ICM7231, Numeric/Alphanumeric Triplexed LCD Display Driver .......... - 12-37 - -
ICM7232

ICM7243 8-Character pP-Compatible LED Display Decoder Driver . .. ... . - 12-52 - -

DOWN CONVERSION AND DEMODULATION
HSP50016 Digital Down Converter. ... ......ouuini i - - 6-3 -
HSP50110 Digital Quadrature Tuner ...ttt - - 6-25 -

DSP FILTERS

HSP43124 Serial WOFilter ...... ... ... .. ... ... il 10-3 - - -
HSP43168 DualFIRFilter. ....... ... ... .. . .. ... it 10-17 - - -
HSP43168/883  Dual FIRFilter. . ...... ... ... . - - 3-35 -
HSP43216 Halfband Filter ......... .. .. ... ... . - - 3-43 -
HSP43220 Decimating Digital Filter .. . ........ .. .. ... . ... . ... - - 3-60 -
HSP43220/883 Decimating Digital Filter . . . ... . .. .. ... . ... .. - - 3-83 -
HSP43481 Digital Filter. ... ... - - 3-90 -
HSP43481/883 Digital Filter. . . ... . - - 3-105 -

NOTE: Bold Type Designates a New Product from Harris. 1-19

GENERAL
INFORMATION




Product Index by Family (continueq)

DSP FILTERS (Continued)

HSP43881 Digital Filter. . . ... .. ...

HSP43881/883  Digital Filter. . ... ... ..

HSP43891 Digital Filter. . .. ...

HSP43891/883  Digital Filter. . ... ... .
MULTIPLEXERS

DG406, DG407
DG408, DG409
DG458, DG459

DG506A,
DG507A,
DG508A,
DG509A

DG526,DG527,
DG528, DG529

HI-1818A,
HI-1828A

HI-506, HI-507,
HI-508, HI-509

HI-506A,
HI-507A,
HI-508A,
HI-509A

HI-516
HI-518

HI-524
HI-539

HI-546, HI-547,
HI-548, HI-549

IH6108
IH6208

MULTIPLIERS
HMAS510
HMAS510/883

Single 16-Channel/Differential 8-Channel CMOS

Analog Multiplexers ........ ... ... ... .. . il

Single 8-Channel/Differential 4-Channel CMOS

Analog Multiplexers ......... ... .. .. . oL

Single 8-Channel/Differential 4-Channel

Fault Protected Analog Multiplexers. .. ...................
CMOS Analog Multiplexers. .. ...,

Analog CMOS Latchable Multiplexers . ...................

Low Resistance, Single 8 Channel and Differential 4 Channel

CMOS Analog Multiplexers. ............................

Single 16 and 8/Differential 8 and 4 Channel CMOS

Analog Multiplexers .. ... ... ...

16 Channel, 8 Channel, Differential 8 and Differential 4 Channel
CMOS Analog MUXs with Active Overvoltage Protection . . ...

16 Channel/Differential 8 Channel CMOS High Speed

Analog Multiplexer . ........ . . . e

8 Channel/Differential 4 Channel CMOS High Speed

Analog Multiplexer . ....... ... .. i
4 Channel Wideband and Video Multiplexer. . ..............

Monolithic, 4 Channel, Low Level, Differential Multiplexer . . . . .

Single 16 and 8, Differential 8 and 4 Channel CMOS Analog

MUXs with Active Overvoltage Protection .................
8-Channel CMOS Analog Multiplexer. . ................ ...
4-Channel Differential CMOS Analog Multiplexer. . ..........

16 x 16-Bit CMOS Parallel Multiplier Accumulator . ..........
16 x 16-Bit CMOS Parallel Multiplier Accumulator...........

NOTE: Bold Type Designates a New Product from Harris. 1-20
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Product Index by Family (continuedq)

MULTIPLIERS (Continued)

HMU16, HMU17
HMU16/883
HMU17/883

16 x 16-Bit CMOS Parallel Multipliers. .. ..............
16 x 16-Bit CMOS Parallel Multiplier .................
16 x 16-Bit CMOS Parallel Multiplier .................

OPERATIONAL AMPLIFIERS

CA124, CA224,
CA324, LM324,
LM2902

CA158, CA258,
CA358,
CA2904,
LM358, LM2904

CA741,
CA1458,
CA1558,
LM741,
LM1458,
LM1558

CA3020

CA3060
CA3078
CA3080
CA3094

CA3100
CA3130

CA3140

CA3160

CA3193
CA3240

CA3260

CA3280
CA3420

CA3440
CA3450

Quad Operational Amplifiers for Commercial, Industrial,
and Military Applications. . ........... ... .. .. .. ...

Dual Operational Amplifiers for Commercial Industrial,
and Military Applications. .. ............ ... ... ......

High Gain Single and Dual Operational Amplifiers for Military,
Industrial and Commercial Applications .. .............

Multipurpose Wide-Band Power Amps Military, Industrial and

Commercial Equipment at Frequency Up to 8MHz

Operational Transconductance Amplifier Arrays ... .....
Micropower Operational Amplifier. .. .................
Operational Transconductance Amplifier (OTA). ...... ..

Programmable Power Switch/Amplifier for Control and
General Purpose Applications ......................

Wideband Operational Amplifier. . ...................

BiMOS Operational Amplifier with MOSFET

Input/CMOS Output .. ...

BiMOS Operational Amplifier with MOSFET

Input/BipolarOutput .. .. ...... .. .o

BiMOS Operational Amplifiers with MOSFET

Input/CMOS Output ... ... o
BiCMOS Precision Operational Amplifiers . ............

Dual BiMOS Operational Amplifier with MOSFET

Input/Bipolar Output .. ......... ... ... ..

BiMOS Operational Amplifier with MOSFET

Input/CMOS Output ...

Dual Variable Operational Amplifier . .................

Low Supply Voltage, Low Input Current BIMOS

Operational Amplifiers ......... ... ... ... ... .....
Nanopower BiMOS Operational Amplifier .............
Video Line Driver, High Speed Operational Amplifier

NOTE: Bold Type Designates a New Product from Harris. 1-21
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Product Index by Family (continueq)

OPERATIONAL AMPLIFIERS (Continued)

CA5130

CA5160

CA5260

CA5420

CA5470

HA-2400,
HA-2404,
HA-2405

HA-2406
HA-2444

HA-2500,
HA-2502,
HA-2505

HA-2510,
HA-2512,
HA-2515

HA-2520,
HA-2522,
HA-2525

HA-2529

HA-2539
HA-2540
HA-2541

HA-2542

HA-2544
HA-2548

HA-2600,
HA-2602,
HA-2605

HA-2620,
HA-2622,
HA-2625

HA-2640,
HA-2645

HA-2705
HA-2839

BiMOS Microprocessor Operational Amplifier with MOSFET

INnpU/CMOS Output .. ...t

BiMOS Microprocessor Operational Amplifiers with MOSFET

Input/CMOS Output .. ...

BiMOS Microprocessor Operational Amplifiers with MOSFET

Input/CMOS Output .. ... i i

Low Supply Voltage, Low Input Current BIMOS

Operational Amplifier . ......... ... i

Quad Microprocessor BiMOS-E Operational Amplifiers with

MOSFET Input/BipolarOutput . . .. ........ ...,
PRAM Four Channel Programmable Amplifiers..............

Digitally Selectable Four Channel Operational Amplifier .. .. ...
Selectable, Four Channel Video Operational Amplifier ........

Precision High Slew Rate Operational Amplifiers. .. ..........

High Slew Rate Operational Amplifiers. .. ..................

Uncompensated High Slew Rate Operational Amplifiers . ... ...

Uncompensated, High Slew Rate High Output Current,

Operational Amplifier ........ ... . ... ... il
Very High Slew Rate Wideband Operational Amplifier. ........
Wideband, Fast Settling Operational Amplifier...............

Wideband, Fast Settling, Unity Gain Stable,

Operational Amplifier .......... .. ... . ... ... ...

Wideband, High Slew Rate, High Output Current

Operational Amplifier .......... ... ... i,
Video Operational Amplifier . ........... ... it
Precision, High Slew Rate, Wideband Operational Amplifier . . . .
Wideband, High Impedance Operational Amplifiers...........

Very Wideband, Uncompensated Operational Amplifiers. ... ...

High Voltage Operational Amplifiers. .. ....................

Low Power, High Performance Operational Amplifier .........

Very High Slew Rate Wideband Operational Amplifier. ... ....

NOTE: Bold Type Designates a New Product from Harris. 1-22
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95 NEW
RELEASES 94DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

OPERATIONAL AMPLIFIERS (Continued)

HA-2840
HA-2841

HA-2842

HA-2850
HA-4741
HA-5002
HA-5004
HA5013
HA-5020
HA5022
HA5023
HA5024
HA5025
HA-5033

HA-5101,
HA-5111

HA-5102,
HA-5104,
HA-5112,
HA-5114

HA-5127

HA-5130,
HA-5135

HA-5134
HA-5137

HA-5142,
HA-5144

HA-5147

HA-5160,
HA-5162

HA-5170
HA-5177

HA-5190,
HA-5195

HA-5221,
HA-5222

Very High Slew Rate Wideband Operational Amplifier. ... ... ... - - - 2-400
Wideband, Fast Settling, Unity Gain Stable,

Video Operational Amplifier .. ............. ... .. ... ....... - - - 2-408
Wideband, High Slew Rate, High Output Current,

Video Operational Amplifier .. ........ ... .. ... .. ........ - - - 2-417
Low Power, High Slew Rate Wideband Operational Amplifier . . . . - - - 2-426
Quad Operational Amplifier ......... .. ... ... .. .. ... .... - - - 2-434
Monolithic, Wideband, High Slew Rate, High Output Current Buffer - - - 2-440
100MHz Current Feedback Amplifier .. ..................... - - - 2-448
Triple 125MHz Video Amplifier ............ ... .. ... ..... 2-3 - - -
100MHz Current Feedback Video Amplifier.......... ... .. 2-17 - - -
Dual 125MHz Video Current Feedback Amplifier with Disable.  2-37 - - -
Dual 125MHz Video Current Feedback Amplifier. . ....... ... 2-53 - - -
Quad 125MHz Video Current Feedback Amplifier with Disable  2-67 - - -
Quad 125MHz Video Current Feedback Amplifier........... 2-83 - - -
Video Buffer . ... ... . - - - 2-470
Low Noise, High Performance Operational Amplifiers .. ........ - - - 2-480
Low Noise, High Performance Operational Amplifiers .. ........ - - - 2-490
Ultra-Low Noise Precision Operational Amplifier .. ............ - - - 2-500
Precision Operational Amplifiers. .. ........................ - - - 2-509
Precision Quad Operational Amplifier. . . .................... - - - 2-517
Ultra-Low Noise Precision Wideband Operational Amplifier. . . ... - - - 2-525
Dual/Quad Ultra-Low Power Operational Amplifiers. ... ........ - - - 2-533

Ultra-Low Noise Precision High Slew Rate Wideband

Operational Amplifier ... .. .. ... .. . - - - 2-540
Wideband, JFET Input High Slew Rate, Uncompensated,

Operational Amplifiers . ....... ... . ... i - - - 2-548
Precision JFET Input Operational Amplifier . ................. - - - 2-556
Ultra-Low Offset Voltage Operational Amplifier . .............. - - - 2-564
Wideband, Fast Settling Operational Amplifiers. .............. - - - 2-574
Low Noise, Wideband Precision Operational Amplifiers. .. ...... - - - 2-582

NOTE: Bold Type Designates a New Product from Harris. 1-23
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OPERATIONAL AMPLIFIERS (Continued)

HA5232,
HA5234

HFA-0001
HFA-0002
HFA-0005

HFA1100,
HFA1120

HFA1102

HFA1103
HFA1105

HFA1106

HFA1109,
HFA1149

HFA1110
HFA1112
HFA1113

HFA1114
HFA1115

HFA1118,
HFA1119

HFA1130

HFA1135

HFA1145

HFA1205

HFA1212,
HFA1412

HFA1245

HFA1405

ICL7611,
ICL7612

ICL7621,
ICL7641,
ICL7642

ICL7650S

Precision Dual and Quad Operational Amplifiers..............

Ultra High Slew Rate Operational Amplifier . .................
Low Noise Wideband Operational Amplifier. .................

High Slew Rate Operational Amplifier ......................
Ultra High-Speed Current Feedback Amplifiers . .. ............

Ultra High-Speed Current Feedback Amplifier with
Compensation Pin ............ .. ... .. .. .. . . ...

Video Op Amp with High Speed Sync Stripper ... ..........

High-Speed, Low Power, Current Feedback Video
Operational Amplifier. . ........... ... . .. ... ...

High Speed, Low Power, Video Operational Amplifier with
Compensation Pin ....... ... ... .. ... .. ... .. ... ...

High-Speed, Low Power, Current Feedback
Amplifiers .. ...
750MHz Low Distortion Unity Gain, Closed Loop Buffer .. ... ...
Ultra High-Speed Programmable Gain Buffer Amplifier. .. ...

Output Limiting, Ultra High Speed, Programmable Gain,
Buffer Amplifier. . . ... .. ... .

Ultra High Speed Programmable Gain Buffer Amplifier . . . ...

High-Speed, Low Power, Output Limiting, Closed Loop
Buffer Amplifier. .. ... ... .

Programmable Gain Video Buffers with Output Limiting and
OutputDisable . ... ... ... ... ... . ..

Output Clamping, Ultra High-Speed Current
Feedback Amplifier. . ...... ... .. .

High-Speed, Low Power, Video Operational Amplifier with
OutputLimiting. . ........ ... ... ... . ... . ...

High-Speed, Low Power, Current Feedback Video Operational
Amplifier with Output Disable . . .. .......................

Dual High-Speed, Low Power, Video Operational Amplifier. . .

Dual/Quad High Speed, Low Power Closed Loop
Buffer Amplifiers. . ....... ... ... ... ...

Dual, High-Speed, Low Power, Video Operational
Amplifierwith Disable . ........ .. .. ... . ... ... . ...

Quad, High-Speed, Low Power, Video Operational Amplifier .
ICL76XX Series Low Power CMOS Operational Amplifiers. . . . ..

ICL76XX Series Low Power CMOS Operational Amplifiers. . . ...

Super Chopper-Stabilized Operational Amplifier . .............

NOTE: Bold Type Designates a New Product from Harris. 1-24
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95 NEW
RELEASES 94DAQ 94DSP 93LIN
DB314 DB301B DB302B DB500B

SAMPLE AND HOLD AMPLIFIER

HA-2420, Fast Sample and Hold Amplifiers . . ........................ - - - 4-3
HA-2425
HA-5320 High Speed Precision Monolithic Sample and Hold Amplifier . . .. - - - 4-12
HA-5330 Very High Speed Precision Monolithic Sample
and Hold Amplifier ......... .. . - - - 4-19
HA-5340 High Speed, Low Distortion, Precision Monolithic Sample
and Hold Amplifier ... ... .. - - - 4-23
=
HA5351 Fast Acquisition Sample and Hold Amplifier. .. ............ 3-3 - - - a0
< =
HA5352 Fast Acquisition Dual Sample and Hold Amplifier .......... 3-11 - - - E <Et
Z
w o
SIGNAL SYNTHESIZERS o v
HSP45102 12-Bit Numerically Controlled Oscillator. .. .................. - - 5-3 -
HSP45106 16-Bit Numerically Controlled Oscillator. . ................... - - 5-10 -
HSP45106/883 16-Bit Numerically Controlled Oscillator. . ................... - - 5-20 -
HSP45116 Numerically Controlled Oscillator/Modulator. ... .............. - - 5-26 -
HSP45116/883 Numerically Controlled Oscillator/Modulator. . ................ - - 5-47 -

SPECIAL ANALOG CIRCUITS
CA555, LM555  Timers for Timing Delays and Oscillator Applications in

Commercial, Industrial and Military Equipment. .. ............ - - - 7-3
CA1391, TV Horizontal Processors. . ...t - - - 7-9
CA1394
CA3089 FMIF System . ..o - - - 7-13
CA3126 TV Chroma Processor .. ......ouuiiinee i - - - 7-20
CA3189 FMIF System . .. ..o - - - 7-29
CA3194 _Single Chip PAL Luminance/Chroma Processor . ............. - - - 7-36
CA3217 Single Chip TV Chroma/Luminance Processor . .............. - - - 7-45
CA3256 BiMOS Analog Video Switch and Amplifier .................. - - - 7-54
CD22402 Sync Generator for TV Applications and Video

Processing Systems. . ....... .. i - - - 7-66
HA-2546 Wideband Two Quadrant Analog Multiplier . ................. - - - 7-76
HA-2547 Wideband Two Quadrant Analog Multiplier .................. - - - 7-89
HA-2556 Wideband Four Quadrant Voltage Output Analog Multiplier. . . . .. - - - 7-97
HA-2557 Wideband Four Quadrant Current Output Analog Multiplier. . .. .. - - - 7-101
HA7210, Low Power Crystal Oscillator .. ......................... 9-1 - - -
HA7211
HFA3046, Ultra High Frequency Transistor Array. .. ................. 9-14 - - -
HFA3096,
HFA3127,
HFA3128

NOTE: Bold Type Designates a New Product from Harris. 1-25
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RELEASES 94DAQ 94DSP 93LIN
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SPECIAL ANALOG CIRCUITS (Continued)

HFA3101 Gilbert Cell UHF Transistor Array .. . ..................... 9-24 - - -
HFA3102 Dual Long-Tailed Pair Transistor Array . .................. 9-36 - - -
HFA3600 Low-Noise Amplifier/Mixer. .. ......... ... ... ... ...... 9-42 - - -
HFA5250 Ultra High-Speed Monolithic Pin Driver ..................... - - - 7-108
HFA5253 Uitra High-Speed Monolithic Pin Driver . .. ................ 9-57 - - -
ICL8013 Four Quadrant Analog Multiplier. . . ........................ - - - 7-112
ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator . . . . - - - 7-120
ICL8048, Log/Antilog Amplifiers. .. ....... ... ... o - - - 7-130
ICL8049
ICM7242 Long Range Fixed Timer ...... ... ..ot .. - - - 7-140
|ICM7555, General Purpose Timers. . . ... ..ot - - - 7-146
ICM7556

SPECIAL FUNCTION
HSP45240 Address SeqUeNCer . ... .. ...t - - 7-3 -
HSP45240/883  Address Sequencer .......... ...t - - 7-15 -
HSP45256 Binary Correlator. .. ... .. - - 7-21 -
HSP45256/883 Binary Correlator. . . ... - - 7-34 -
HSP9520, Multilevel Pipeline Registers. .. ................. e - - 7-42 -
HSP9521

SPECIAL PURPOSE
AD590 2 Wire Current Output Temperature Transducer . ............. - 14-3 - -
ICL8069 Low Voltage Reference ......... ... ... .. ... ... .. ..., - 14-13 - -
ICM7170 puP-Compatible Real-Time Clock .. ....... ..., - 14-17 - -

SWITCHES
DG181 thru High-Speed Driver with JFET Switces .. .................... (AnswerFAX Only) Document # 3114
DG191
DG200, DG201  CMOS Dual/Quad SPST Analog Switches. .. ................ - 9-13 - -
DG201A, Quad SPST CMOS Analog Switches . . ..................... - 9-21 - -
DG202
DG211,DG212  SPST 4 Channel Analog Switch. . ........ ... ... . ... ..... - 9-25 - -
DG300A, TTL Compatible CMOS Analog Switches. . .................. - 9-30 - -
DG301A,
DG302A,
DG303A
DG308A, Quad Monolithic SPST CMOS Analog Switches .. ............ - 9-37 - -
DG309

NOTE: Bold Type Designates a New Product from Harris. 1-26
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SWITCHES (Continued)
DG401,DG403, Monolithic CMOS Analog Switches ................... ... 7-3 - - -
DG405
DG411,DG412,  Monolithic Quad SPST CMOS Analog Switches . ............. - 9-44 - -
DG413
DG441, DG442 Monolithic Quad SPST CMOS Analog Switches .. ............ - 9-53 - -
DG444, DG445  Monolithic Quad SPST CMOS Analog Switches . ............. - 9-63 - -
HI-200, HI-201 Dual/Quad SPST CMOS Analog Switches. . ................. - 9-73 - -
HI-201HS High Speed Quad SPST CMOS Analog Switch. .............. - 9-82 - -
HI-222 High Frequency/Video Switch. . . ....... .. ... .. ... ... ... (AnswerFAX Only) Document # 3124
HI-300 thru CMOS Analog Switches . .. ... ... i - 9-93 -
HI-307
HI-381 thru CMOS Analog Switches . .. ... ... .. - 9-103 - -
HI-390
HI-5040 thru CMOS Analog Switches . .. .. ... ... - 9-110 - -
HI-5051,
HI-5046A and
HI-5047A
IH401A QUAD Varafet Analog Switch. . ......... .. .. ... ... ... (AnswerFAX Only) Document # 3128
IH5009 thru Virtual Ground Analog Switch. . .......... ... .. .. . . ... (AnswerFAX Only) Document # 3129
IH5012,1H5014,
IH5016 thru
IH5020, IH5022,
IH5024
IH5043 Dual SPDT CMOS Analog Switch ......................... - 9-121 - -
IH5052, IH5053  Quad CMOS Analog Switch .. ........... ... ... .......... - 9-128 - -
IH5140 thru High-Level CMOS Analog Switch. . ......... ... ... ... .... - 9-134 - -
IH5145
IH5151 Dual SPDT CMOS Analog Switch .. ........... ... ... ..... - 9-147 - -
IH5341, IH5352  Dual SPST, Quad SPST CMOS RF/Video Switches ........... - 9-155 - -
1H6201 Dual CMOS Driver/Voltage Translator .. .................... (AnswerFAX Only) Document # 3136
TELECOMMUNICATIONS
CD22100 CMOS 4 x 4 Crosspoint Switch with Control Memory
High-Voltage Type (20VRating). . .. ..., .. - - - 8-3
CD22101, CMOS 4 x 4 x 2 Crosspoint Switch with Control Memory. ..... .. - - - 8-12
CD22102
CD22103A CMOS HDBS3 (High Density Bipolar 3) Transcoder for
2.048/8.448 Mb/s Transmission Applications................. - - - 8-24
CD22202, 5V Low Power DTMF Receiver ........... ... ccouiion. - - - 8-30
CD22203
CD22204 5V Low Power Subscriber DTMF Receiver . ................. - - - 8-36
CD22301 Monolithic Pan Repeater ......... ... ... ... ... . ... - - - 8-41

NOTE: Bold Type Designates a New Product from Harris.
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TELECOMMUNICATONS (Continued)

CD22354A, CMOS Single-Chip, Full-Feature PCM CODEC. .............. - - - 8-46
CD22357A )
CD22M3493 12 x 8 x 1 BIMOS-E Crosspoint Switch ..................... - - - 8-56
CD22M3494 16 x 8 x 1 BIMOS-E Crosspoint SWitch . ... ................. - - - 86l
CD22859 Monolithic Silicon COS/MOS Dual-Tone Multifrequency

Tone Generator . ..... ... it e - - - 8-67
CD74HC22106, QMOS 8x 8 x 1 Crosspoint Switch with Memory Control . ...... - - - 8-72
CD74HCT22106
HC-5502B SLIC Subscriber Line Interface Circuit . .. ................... - - - 8-81
HC-5504B SLIC Subscriber Line Interface Circuit . . .................... - - - 8-90
HC-5504DLC SLIC Subscriber Line Interface Circuit . . .................... - - - 8-98
HC-5509A1 SLIC Subscriber Line Interface Circuit ... ................... - - - 8-106
HC-5509B SLIC Subscriber Line Interface Circuit . .. ................... - - - 8-116
HC-5513 Subscriber Line Interface Circuit . ....................... 12-3 - - -
HC-5524 SLIC Subscriber Line Interface Circuit . . .................... - - - 8-126
HC-5560 PCM Transcoder. . . ... it it - - - 8-135
HC-55536 Continuous Variable Slope Delta-Demodulator (CVSD)......... - - - 8-144
HC-55564 Continuously Variable Slope Delta-Modulator (CVSD). ......... - - - 8-147

TRANSISTOR ARRAYS

CA3018 General Purpose Transistor Arrays . ..........c.cveiienen... - - - 6-5
CA3039 Diode Array. . ..ot - - - 6-11
CA3045, General Purpose N-P-N Transistor Arrays. . ................. - - - 6-15
CA3046
CA3081, General Purpose High Current N-P-N Transistor Arrays ........ - - - 6-21
CA3082
CA3083 General Purpose High Current N-P-N Transistor Array ......... - - - 6-24
CA3086 General Purpose N-P-N Transistor Array. . . ................. - - - 6-28
CA3096 N-P-N/P-N-P TransistorArray .......... ... ... .. ..., - - - 6-33
CA3127 High Frequency N-P-N Transistor Array. .................... - - - 6-46
CA3141 High-Voltage Diode Array For Commercial,

Industrial & Military Applications. . ......................... - - - 6-52
CA3148, High-Voltage Transistor Arrays. . ............ ... ...t - - - 6-55
CA3183
CA3227, High-Frequency N-P-N Transistor Arrays For
CA3246 Low-Power Applications at Frequencies Up to 1.5GHz......... - - - 6-65

NOTE: Bold Type Designates a New Product from Harris. 1-28
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95 NEW

VIDEO PROCESSING

HSP48212
HSP48410
HSP48410/883
HSP48901
HSP48908
HSP48908/883
HSP9501

Digital Video Mixer . .. ... ... ..
Histogrammer/Accumulating Buffer ... .......... ... ... .. ..
Histogrammer/Accumulating Buffer ... .....................
3x3lmage Filter ... ...
Two Dimensional Convolver. . ......... ... .. ... .........
Two Dimensional Convolver. .. ... ... .. ... .. oo,

Programmable DataBuffer. ....... ... ... .. ... .

VIDEO SWITCHES

HA4201

HA4314,
HA4314A

HA4344B

HA4404,
HA4404A

HA4600

Wideband, 1 x 1 Video Crosspoint Switch with Tally Output . .
Wideband, 4 x 1 Video Crosspoint Switch............... ..

Wideband, 4 x 1 Video Crosspoint Switch with
Synchronous Controls. .. ........... ... ... ... ... ......

Wideband, 4 x 1 Video Crosspoint Switch with Tally Outputs .

Wideband, Video Buffer with Output Disable . .............

NOTE: Bold Type Designates a New Product from Harris. 1-29
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OPERATIONAL AMPLIFIERS

PAGE u

OPERATIONAL AMPLIFIERS DATA SHEETS

HA5013 Triple 125MHz Video Amplifier . . . ... oo e 2-3
HA-5020 100MHz Current Feedback Video Amplifier With Disable. .. ............................ 2-17
HA5022 Dual 125MHz Video Current Feedback Amplifier with Disable . . ......................... 2-37
HA5023 Dual 125MHz Video Current Feedback Amplifier . .......... .. ... ... 2-53
HA5024 Quad 125MHz Video Current Feedback Amplifier with Disable . ......................... 2-67
HA5025 Quad 125MHz Video Current Feedback Amplifier .......... ... .. ... . .. .. .. .. ... 2-83
HFA1102 Ultra High-Speed Current Feedback Amplifier with Compensation Pin .................... 2-97
HFA1103 Video Op Amp with High Speed Sync Stripper. . ....... ..o it 2-102
HFA1105 High-Speed, Low Power, Current Feedback Video Operational Amplifier ... ............... 2-108
HFA1106 High Speed, Low Power, Video Operational Amplifier with Compensation Pin ... ........... 2-119
HFA1109, HFA1149 High-Speed, Low Power, Current Feedback Operational Amplifiers. .. .................... 2-133
HFA1112 Ultra High-Speed Programmable Gain Buffer Amplifier . ............................... 2-134
HFA1113 Output Limiting, Ultra High Speed, Programmable Gain, Buffer Amplifier .................. 2-146
HFA1114 Ultra High Speed Programmable Gain Buffer Amplifier . ....... ... ... ... ... ... .. .. ..... 2-162
HFA1115 High-Speed, Low Power, Output Limiting, Closed Loop Buffer Amplifier . .................. 2-167
HFA1118, HFA1119 Programmable Gain Video Buffers with Output Limiting and Output Disable . . .............. 2-174
HFA1135 High-Speed, Low Power, Video Operational Amplifier with Output Limiting. . ............... 2-175
HFA1145 High-Speed, Low Power, Current Feedback Video Operational Amplifier with Output Disable .. 2-180
HFA1205 Dual High-Speed, Low Power, Video Operational Amplifier . .. .............. ... ... ..... 2-193
HFA1212, HFA1412  Dual/Quad High Speed, Low Power Closed Loop Buffer Amplifiers. ...................... 2-200
HFA1245 Dual, High-Speed, Low Power, Video Operational Amplifier with Disable .................. 2-204
HFA1405 Quad, High-Speed, Low Power, Video Operational Amplifier. . .......................... 2-210
RELATED APPLICATION NOTES AND TECH BRIEFS AVAILABLE ON AnswerFAX AnswerFAX
DOCUMENT NO.
AN9202 Using the HFA1100, HFA1130 Evaluation Fixture. . . ................ ... ... 99202
AN9420 Current Feedback Amplifier Theory and Applications. . . ......... ... ... oo, 99420
AN9502 Oscillator Produces Quadrature Waves . .......... ... ... .0 it 99502
AN9503 Low Output Impedance MUX .. ... .. ... . e e 99503
AN9507 Video Cable Drivers Save Board Space, Increase Bandwidth . .......................... 99507
AN9508 Video Multiplexer Delivers Lower Signal Degradation. .. ............................... 99508
AN9513 Component Video Sync Formats (HFA1103). . . ... ..o it e 99513
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HARRIS

SEMICONDUCTOR

HA5013

Triple 125MHz Video Amplifier

@

July 1995
Features Description
¢ Wide Unity Gain Bandwidth ............... 125MHz  The HA5013 is a low cost triple amplifier optimized for RGB
R video applications and gains between 1 and 10. It is a
SlewRate ...........ooiviiiiiiiinns 475Vips current feedback amplifier and thus yields less bandwidth
e InputOffsetVoltage...............cvuvnnnn. 800uV degradation at high closed loop gains than voltage feedback
. . . amplifiers.
* Differential Gain........................... 0.03%
i . The low differential gain and phase, 0.1dB gain flatness, and
* Differential Phase. ...................... 0.03 Deg. ability to drive two back terminated 75Q cables, make this
« Supply Current (per Amplifier)............... 7.5mA  amplifier ideal for demanding video applications.
® ESDProtection. .........coeeuueenneannanss 4000v The current feedback design allows the user to take
o advantage of the amplifier'’s bandwidth dependency on the
* Guaranteed Specifications at +5V Supplies feedback resistor.
* Low Cost The performadnce of the HA5013 is very similar to the popu-
) ) lar Harris HA-5020 single video amplifier.
Applications
» PC Add-On Multimedia Boards Ordering Information
* Flash A/D Driver PART TEMPERATURE
o Color |mage Scanners NUMBER RANGE PACKAGE
¢ CCD Cameras and Systems HA5013IP -40°C to +85°C 14 Lead Plastic DIP
* RGB Cable Driver HA501318 -40°C 10 +85°C | 14 Lead Plastic SOIC (N)
* RGB Video Preamp
* PC Video Conferencing
Pinout
HA5013
(PDIP, SOIC)
TOP VIEW
v
ne [1] [14] out2
ne [2] 13] -IN2
ne [3] [12] +1n2
v+ [4] [11] v-
+IN1 [5] [10] +1N3
-IN1 [[6] (9]-IN3
out1 [7] 5] outs

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1995

File Number
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Specifications HA5013

Absolute Maximum Ratings (Note 1)

ESD Protection (Note 15). . . . ... iie e 2000V '
Voltage Between V+and V-Terminals. . .................. 36V
DCinputVoltage ..., +VsuppLy
Differential Input Voltage ................ ... ... ... .... iov
Output Current (Note 2) . ............... Short Circuit Protected
Junction Temperature (Note 12). . .................... +175°C
Junction Temperature (Plastic Package) (Note 12) ....... +150°C
Lead Temperature (Soldering 10s). . .. ................ +300°C

(SOIC - Lead Tips Only)

Operating Conditions
Operating Temperature Range

HABO13l. ... ... -40°C < Ty < +85°C
Supply Voltage Range. .......................... +4.5V to +15V
Storage Temperature Range. . ............ -65°C < T < +150°C
Thermal Package Resistance (°C/W) 6,

PlasticDIP. . ... .. . 100

SOIC .« o 120

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vi =+5V, V-= -5V, Rg = 1kQ, Ay =

+1, R = 400Q, C, <10pF, Unless Otherwise Specified

(NOTE 16) HA50131
TEST
PARAMETER LEVEL TEMPERATURE MIN L TYP I MAX UNITS

INPUT CHARACTERISTICS
Input Offset Voltage (Vo) A +25°C - 0.8 3 mv

A Full - - 5 mV
Delta V|o Between Channels A Full - 1.2 35 mv
Average Input Offset Voltage Drift B Full - 5 - uv/ec
Vio Common Mode Rejection Ratio (Note 3) A +25°C 53 - - dB

A Full 50 | - - dB
Vo Power Supply Rejection Ratio (Note 4) - A +25°C 60 - - dB

A Full 55 - - dB
Input Common Mode Range (Note 3) A Full +2.5 - - \Y
Non-Inverting Input (+IN) Current A +25°C - 3 8 RA

A Full - - 20 A
+IN Common Mode Rejection (Note 3) A +25°C - - 0.15 HAN
(Heows = R0 A Full ; ; 05 WAV
+IN Power Supply Rejection (Note 4) A +25°C - - 0.1 pAN

A Full - - 0.3 HAN
Inverting Input (-IN) Current A +25°C, +85°C - 4 12 pA

A -40°C - 10 30 A
Delta - IN BIAS Current Between Channels A +25°C, +85°C - 6 15 RA

A -40°C - 10 30 HA
-IN Common Mode Rejection (Note 3) A +25°C - - 0.4 HAN

A Full - - 1.0 RAN
-IN Power Supply Rejection (Note 4) A +25°C - - 0.2 HAN

A Full - - 05 HAN
Input Noise Voltage (f = 1kHz) B +25°C - 45 - nVAHz
+Input Noise Current (f = 1kHz) B +25°C - 25 - pANHZ
-Input Noise Current (f = 1kHz) B +25°C - 25.0 - pANHz




Specifications HA5013

Electrical Specifications V+ =45V, V-= -5V, R = 1kQ, A = +1, R_ = 4009, C,_ <10pF, Unless Otherwise Specified (Continued)

(NOTE 16) HA5013I
TEST
PARAMETER LEVEL | TEMPERATURE | MIN I TYP | MAX UNITS
TRANSFER CHARACTERISTICS
Transimpedence (Note 14) A +25°C 1.0 - - MQ
A Full 0.85 - - MQ
Open Loop DC Voltage Gain, R = 400Q, Voyr = +2.5V A +25°C 70 - - dB
A Full 65 - - daB
Open Loop DC Voltage Gain, R = 100Q, Voyr = +2.5V A +25°C 50 - dB
A Full 45 - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 13) A +25°C +2.5 +3.0 - \
A Full +2.5 +3.0 - \
Output Current (Note 13) B Full +16.6 +20.0 - mA
Output Current (Short Circuit, Note 10) A Full +40 +60 - mA
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range A +25°C 5 - 15 %
Quiescent Supply Current A Full - 75 10 mA/Op
Amp
AC CHARACTERISTICS (Ay = +1)
Slew Rate (Note 5) B +25°C 275 350 - Vius
Full Power Bandwidth (Note 6) B +25°C 22 28 - MHz
Rise Time (Note 7) B +25°C - 6 - ns
Fall Time (Note 7) B +25°C - 6 - ns
Propagation Delay (Note 7) B +25°C - 6 - ns
Overshoot B +25°C - 45 - %
-3dB Bandwidth (Note 8) B +25°C - 125 MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 ns
Settling Time to 0.25%, 2V Output Step B +25°C - 75 - ns
AC CHARACTERISTICS (Ay = +2, R = 681Q)
Slew Rate (Note 5) "B +25°C - 475 - Vius
Full Power Bandwidth (Note 6) B +25°C - 26 - MHz
Rise Time (Note 7) B +25°C - 6 - ns
Fall Time (Note 7) B +25°C - 6 - ns
Propagation Delay (Note 7) B +25°C - 6 - ns
Overshoot B +25°C - 12 - %
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Specifications HA5013

Electrical Specifications V+ =45V, V- = -5V, Rg = 1kQ, Ay = +1. R_ = 400Q, C,_ <10pF, Unless Otherwise Specified (Continued)
(NOTE 16) HA5013I
TEST
PARAMETER LEVEL TEMPERATURE MIN TYP MAX UNITS

-3dB Bandwidth (Note 8) B +25°C - 95 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 100 - ns
Gain Flatness 5MHz B +25°C - 0.02 - dB

20MHz B +25°C - 0.07 - dB
AC CHARACTERISTICS (Ay = +10, Rg = 383Q)
Slew Rate (Note 5) B +25°C 350 475 - Vius
Full Power Bandwidth (Note 6) B +25°C 28 38 - MHz
Rise Time (Note 7) B +25°C - 8 - ns
Fall Time (Note 7) B +25°C - 9 - ns
Propagation Delay (Note 7) B +25°C - 9 - ns
Overshoot B +25°C - 1.8 - %
-3dB Bandwidth (Note 8) B +25°C - 65 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 75 - ns
Settling Time to 0.1%, 2V Output Step B +25°C - 130 - ns
VIDEO CHARACTERISTICS
Differential Gain (Notes 11, 13) B +25°C - 0.03 - %
Differential Phase (Notes 11, 13) B +25°C - 0.03 - Degrees

NOTES:

1.

10.
11.
12

13.
14.
15.

16

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

. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty
cycle) output current should not exceed 15mA for maximum reliability.

. Vom =12.5V. At -40°C Product is tested at Vg = +2.25V because Short Test Duration does not allow self heating.
. 335V <Vg< 6.5V
. Vour switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points.

Slew Rate
. 2| FPBW = ————; V =2V
[ 2“VPEAK PEAK ]

. Ry =100Q, VoyT = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay.
. R =400Q, Voyt = 100mV.

. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only.

VN = 2.5V, Vgoyt = 0V.

Measured with a VM700A video tester using an NTC-7 composite VITS.

Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below
+150°C for plastic packages. See Applications Information section for safe operating area information.

R, =150Q.

Vout = +2.5V. At -40°C Product is tested at Voyr = +2.25V because Short Test Duration does not allow self heating.
ESD protection is for human body model tested per MIL-STD - 883, Method 3015.7.

. A. Production Tested; B. Guaranteed limit or Typical based on characterization; C. Design Typical for information only.
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HA5013

Test Circuits
+
l DUT
= 2
[ % |
re==F==n =
HP4195 ! >
NETWORK ! 3: 50 1
ANALYZER 1 1
1 ]
' _(E '
- - d
FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS
Vour
v DUT R
IN Vour 4000
50Q RL =
100Q
= Rg, 1K 3
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT

; ; i P 4y + | P ORY
FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE
Vertical Scale: Viy = 100mV/Div., Voyt = 100mV/Div. Vertical Scale: Vg = 1V/Div., Vot = 1V/Div.
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div.
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HA5013

Application Information
Optimum Feedback Resistor

The plots of inverting and non-inverting frequency response,
see Figure 8 and Figure 9 in the typical perfformance section,
illustrate the performance of the HA5013 in various closed loop
gain configurations. Although the bandwidth dependency on
closed loop gain isn't as severe as that of a voltage feedback
amplifier, there can be an appreciable decrease in bandwidth at
higher gains. This decrease may be minimized by taking
advantage of the current feedback amplifier's unique relation-
ship between bandwidth and Rg. All current feedback amplifiers
require a feedback resistor, even for unity gain applications, and
Rg, in conjunction with the internal compensation capacitor,
sets the dominant pole of the frequency response. Thus, the
amplifiers bandwidth is inversely proportional to Rg. The
HA5013 design is optimized for a 10002 Rg at a gain of +1.
Decreasing Rg in a unity gain application decreases stability,
resulting in excessive peaking and overshoot. At higher gains
the amplifier is more stable, so Rg can be decreased in a trade-
off of stability for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth.

GAIN BANDWIDTH
(AcL) Rg (Q) (MHz)

-1 750 100

+1 1000 125

+2 681 95

+5 1000 52

+10 383 65

-10 750 22

PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resistors
and chip capacitors is strongly recommended. If leaded
components are used the leads must be kept short espe-
cially for the power supply decoupling components and
those components connected to the inverting input.

Attention must be given to decoupling the power supplies. A
large value (10pF) tantalum or electrolytic capacitor in paral-
lel with a small value (0.1pF) chip capacitor works well in
most cases.

A ground plane is strongly recommended to control noise.
Care must also be taken to minimize the capacitance to
ground seen by the amplifier's inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. It is recom-
mended that the ground plane be removed under traces con-
nected to -IN, and that connections to -IN be kept as short as
possible to minimize the capacitance from this node to
ground.

Driving Capacitive Loads

Capacitive loads will degrade the amplifier's phase margin
resulting in frequency response peaking and possible oscil-
lations. In most cases the oscillation can be avoided by plac-
ing an isolation resistor (R) in series with the output as
shown in Figure 6.

I

FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION
RESISTOR, R

The selection criteria for the isolation resistor is highly
dependent on the load, but 27Q has been determined to be
a good starting value.

Power Dissipation Considerations

Due to the high supply current inherent in quad amplifiers,
care must be taken to insure that the maximum junction tem-
perature (T;, see Absolute Maximum Ratings) is not
exceeded. Figure 7 shows the maximum ambient tempera-
ture versus supply voltage for the available package styles
(Plastic DIP, SOIC). At +5Vpc quiescent operation both
package styles may be operated over the full industrial
range of -40°C to +85°C. It is recommended that thermal
calculations, which take into account output power, be per-
formed by the designer.
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FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE
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HA5013

Typical Performance Curves vgppy =5V, A, = +1, Rg = 1kQ, R_ = 400, Tp = 25°C,
Unless Otherwise Specified

+5

Vour' 0'2",F'P' TTTTT
vl O 10pF Ay =1,Rp=1kQ_|
+3 /

+
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Av=2,nF=sam_>‘b
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NORMALIZED GAIN (dB)
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]
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Ay =10, Rg = 3830
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.—-—-""

2 10 100 200
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FIGURE 8. NON-INVERTING FREQUENCY RESPONSE
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FIGURE 10. PHASE RESPONSE AS A FUNCTION OF
FREQUENCY
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FIGURE 12. BANDWIDTH AND GAIN PEAKING vs FEEDBACK
RESISTANCE
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FIGURE 9. INVERTING FREQUENCY RESPONSE
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FIGURE 13. BANDWIDTH AND GAIN PEAKING vs LOAD
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HA5013

Typical Performance Curves vgyppy =5V, Ay = +1, R = 1kQ, R, = 400Q, Ty = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 14. BANDWIDTH vs FEEDBACK RESISTANCE
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FIGURE 16. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE
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FIGURE 18. DISTORTION vs FREQUENCY
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HA5013

Typical Performance Curves vg sy =5V, Ay = +1, R = 1kQ, R = 400Q, Ty = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 20. PROPAGATION DELAY vs TEMPERATURE
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FIGURE 22. SLEW RATE vs TEMPERATURE
+0.8 -
Vout = 0.2Vpp
+0.61- ¢ = 10pF
& s0al RF=7500
2
z +0.2
<
(4] 0 Ay=-1
a
N .02 % |~
-
4
g -0.6 \ \\ AV =-5 —
0.8 ﬂ\ N/
A0 ./ \ Y Ay=-2
1.0 Ay =-10 v
12 AN |
5 10 15 20 25 30
FREQUENCY (MHz)

FIGURE 24. INVERTING GAIN FLATNESS vs FREQUENCY
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FIGURE 23. NON-INVERTING GAIN FLATNESS vs FREQUENCY
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HA5013
Typical Performance Curves vgppy =5V, A, = +1, Re = 1k, R_ = 4000, T, = 25°C,
Unless Otherwise Specified (Continued)
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HA5013

Typical Performance CUrves Vg pp,y =5V, Ay = +1, Rg = 1kQ, Ry = 4000, Ty = 25°C,
Unless Otherwise Specified (Continued)
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HA5013

Typical Performance Curves vgppy = 5V, Ay = +1, Rg = 1kQ, R = 4009, T4 = 25°C,
Unless Otherwise Specified (Continued)
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HA5013

Die Characteristics

DIE DIMENSIONS:
2680um x 2600um x 483um +25.4um

METALLIZATION:
Type: Metal 1: AlCu (1%), Metal 2: AlCu (1%)
Thickness: Metal 1: 8kA = 0.4kA, Metal 2: 16kA + 0.8kA

WORST CASE CURRENT DENSITY:
2.0 x 10° Alem? at 50mA

SUBSTRATE POTENTIAL (POWERED UP): V-

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.4kA

TRANSISTOR COUNT: 248
PROCESS: High Frequency Bipolar Dielectric Isolation

DIE ATTACH:
Material:Epoxy - Plastic DIP and SOIC

Metallization Mask Layout

HA5013
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+IN2

+IN3
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@D HARRIS HA-5020

100MHz Current Feedback

July 1995 : Video Amplifier With Disable
Features: Description
¢ Wide Unity Gain Bandwidth ............... 100MHz The HA-5020 is a wide bandwidth, high slew rate amplifier

optimized for video applications and gains between 1 and
10. Manufactured on Harris’ Reduced Feature Complemen-
e OutputCurrent...................... +30mA (Min) tary Bipolar DI process, this amplifier uses current mode
. . feedback to maintain higher bandwidth at a given gain than
* Drives 3.5V into 750 conventional voltage feedback amplifiers. Since it is a closed
Differential Gain..............c..cccueien.n.. 0.03% loop device, the HA-5020 offers better gain accuracy and
lower distortion than open loop buffers.

eSlewRate ............ciiiiiiiiiiiiienes 800V/us

o Differential Phase.................... 0.03 Degrees
S The HA-5020 features low differential gain and phase and
* Low Input Voitage Noise ................. 4.5nVAHZ il drive two double terminated 75Q coax cables to video I 0
o Low SupplyCurrent................... 10mA (Max) levels with low distortion.‘Adding. a gain flatness peﬁpr— = Eﬁ
. mance of 0.1dB makes this amplifier ideal for demanding () T
¢ Wide SupplyRange.................. +5Vto +15V  video applications. The bandwidth and slew rate of the =25
f HA-5020 are relatively independent of closed loop gain. The ca
¢ Output Enable/Disable w
P 100MHz unity gain bandwidth only decreases to 60MHz at a o E:
* High Performance Replacement for EL2020 gain of 10. The HA-5020 used in place of a conventional op °
amp will yield a significant improvement in the speed power
App[ications product. To further reduce power, the HA-5020 has a disable
. o . function which significantly reduces supply current, while
* Unity Gain Video/Wideband Buffer forcing the output to a true high impedance state. This
« Video Gain Block aIIovys the outpu_ts of rpultiple amplif!ers to be_ wire-OR’d into
multiplexer configurations. The device also includes output
* Video Distribution Amp/Coax Cable Driver short circuit protection and output offset voltage adjustment.
¢ Flash A/D Driver The HA-5020 is available in commercial and industrial tem-

perature ranges, and a choice of packages. See the “Order-
ing Information” section below for more information. For
Current to Voltage Converter; D/A Output Buffer military grade product, please refer to the HA-5020/ 883 data
sheet.

e Waveform Generator Output Driver

¢ Radar Systems

For multi channel versions of the HA-5020 see the HA5022
dual with disable, HA5023 dual, HA5013 triple, HA5024
quad with disable or HA5025 quad op amp data sheets.

Imaging Systems

Pinout Ordering Information
HA-5020 PART TEMPERATURE
(PDIP, CERDIP, SOIC) NUMBER RANGE PACKAGE
TOP VIEW
HA3-5020-5 0°C to +75°C 8 Lead Plastic DIP
saL [] ~ 5] DISABLE HA7-5020-5 0°C to +75°C 8 Lead CerDIP
- 2] [7] v+ HA9P5020-5 0°C to +75°C 8 Lead Plastic SOIC (N)
IN+ [3] ::D_‘—E] out HA3-5020-9 -40°C to +85°C 8 Lead Plastic DIP
v- 3] 5] BAL HA7-5020-9 -40°Cto +85°C | 8 Lead CerDIP
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2845_6

Copyright © Harris Corporation 1995 217



Specifications HA-5020

Absolute Maximum Ratings (Note 1) Operating Temperature Range

Voltage Between V+and V-Terminals . . .................. 36V HA-5020-5.........ciiuiiiiiniinianennnnn. 0°C < To<+75°C
DCInputVoltage . ............cooeuiinieieuiinaaan.. +Vguppry HA-5020-9.. ... ...l -40°C < Tp < +85°C
Differential Input Voltage ............. ... ... ... il 10V Storage Temperature Range.............. -65°C < Tp < +150°C
OutputCurrent . ...................... Short Circuit Protected ~ Thermal Package Resistance (°C/W) 6a 6yc
Junction Temperature (Note 19). .. ................... +175°C PlasticDIP. . ... .ot 130 N/A
Junction Temperature (Plastic Package) (Note 19) ....... +150°C CeDIP..... .. 115 35
Lead Temperature (Soldering 10s).................... +300°C SOIC ... 170 N/A

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications V+ = +15V, V-=-15V, Re = 1kQ, Ay = +1, R_ = 400, C < 10pF,
Unless Otherwise Specified

HA-5020-5, -9
PARAMETER TEMPERATURE MIN TYP I MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage (Notes 2, 20) +25°C - 2 8 mv
Full - - 10 mV
Average Input Offset Voltage Drift Full - 10 - uv/rec
Vio Common Mode Rejection Ratio (Notes 3, 20) +25°C 60 - - dB
Full 50 - - dB
Vo Power Supply Rejection Ratio (Notes 4, 20) +25°C 64 - - dB
Full 60 - - dB
Non-Inverting Input (+IN) Current (Note 20) +25°C - 3 8 HA
Full - - 20 uA
+IN Common Mode Rejection (Note 3) +25°C - - 0.1 HAN
Full - - 0.5 HAN
+IN Power Supply Rejection (Note 4) +25°C - - 0.06 HAN
Full - - 0.2 uAN
Inverting Input (-IN) Current (Note 20) +25°C - 12 20 HA
Full - 25 50 uA
-IN Common Mode Rejection (Note 3) +25°C - - 0.4 RAN
Full - - 0.5 AN
-IN Power Supply Rejection (Note 4) +25°C - - 0.2 HAN
Full - - 05 HAN
TRANSFER CHARACTERISTICS
Transimpedance (Note 20) +25°C 3500 - - V/mA
Full 1000 - - V/mA
Open Loop DC Voltage Gain (Note 12) +25°C 70 - - dB
R = 400Q, Vot = 10V Full 65 - - dB
Open Loop DC Voltage Gain +25°C 60 - - dB
R, = 100Q, Vour = £2.5V Full 55 - - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Notes 20, 21) +25°C to +85°C +12 +12.7 - \
-40°C to 0°C +11 +11.8 - v
Output Current +25°C +30 +31.7 - mA
(Guaranteed by Output Voltage Test) Full +27.5 - - mA
POWER SUPPLY CHARACTERISTICS
Quiescent Supply Current (Note 20) Full - 75 10 mA
Supply Current, Disabled (Notes 5, 20) Fuli - 5 7.5 mA




Specifications HA-5020

Electrical Specifications v+ =+15V, V- = -15V, Re = 1kQ, A = +1, R, = 400Q, C__ < 10pF,

Unless Otherwise Specified (Continued)

HA-5020-5, -9
PARAMETER TEMPERATURE MIN TYP MAX UNITS

Disable Pin Input Current (Note 5) Full - 1.0 1.5 mA
Minimum Pin 8 Current to Disable (Note 6) Full 350 - - uHA
Maximum Pin 8 Current to Enable (Note 7) Full - - 20 A
AC CHARACTERISTICS (Ay = +1)
Slew Rate (Note 8) +25°C 600 800 - Vius

Full 500 700 - Vlius
Full Power Bandwidth (Note 9) +25°C 9.6 12.7 - MHz
(Guaranteed by Slew Rate Test) Full 8.0 111 - MHz
Rise Time (Note 10) +25°C - 5 - ns
Fall Time (Note 10) +25°C - 5 - ns
Propagation Delay (Notes 10, 20) +25°C - 6 - ns
-3dB Bandwidth (Notes 11, 20) +25°C - 100 - MHz
Settling Time to 1%, 10V Output Step +25°C - 45 - ns
Settling Time to 0.25%, 10V Output Step +25°C - 100 - ns
AC CHARACTERISTICS (Ay = +10, Rg = 383Q)
Slew Rate (Notes 8, 12) +25°C 900 1100 - Vips

Full 700 - - Vius
Full Power Bandwidth (Note 9) +25°C 143 17.5 - MHz
(Guaranteed by Slew Rate Test) Full 111 - - MHz
Rise Time (Note 10) +25°C - 8 - ns
Fall Time (Note 10) +25°C - 8 - ns
Propagation Delay (Notes 10, 20) +25°C - 9 - ns
-3dB Bandwidth (Note 11) +25°C - 60 - MHz
Settling Time to 1%, 10V Output Step +25°C - 55 - ns
Settling Time to 0.1%, 10V Output Step +25°C - 90 - ns
HARRIS VALUE ADDED SPECIFICATIONS
Input Noise Voltage (f = 1kHz) (Note 20) +25°C - 45 - nVAHz
+Input Noise Current (f = 1kHz) (Note 20) +25°C - 25 - pA/ﬁ
-Input Noise Current (f = 1kHz) (Note 20) +25°C - 25 - pANHz
Input Common Mode Range Fuli +10 +12 - Vv
-Ibias Adjust Range (Note 2) Full +25 +40 - HA
Overshoot (Note 20) +25°C - 7 - %
Output Current (Short Circuit, Notes 13, 20) Full +50 +65 - mA
Output Current (Disabled, Notes 5, 14, 20) Full - - 1 A
Output Disable Time (Notes 15, 20) +25°C - 10 - us
Output Enable Time (Notes 16, 20) +25°C - 200 - ns
Supply Voltage Range +25°C 5 - 15 \Y
Output Capacitance (Disabled, Notes 5, 29) +25°C - 15 - pF
VIDEO CHARACTERISTICS
Differential Gain (Notes 18, 20, 21) +25°C - 0.03 - %
Differential Phase (Notes 18, 20, 21) +25°C - 0.03 - Degrees
Gain Flatness to 5SMHz +25°C - 0.1 - dB
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Specifications HA-5020

Electrical Specifications V+=+5V, V-= -5V, Rg = 1kQ, Ay = +1, R__ = 4009, C; <10pF, Unless Otherwise Specified.

Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect

lot-to-lot variation.

HA-5020-5, -9
PARAMETER TEMPERATURE MIN l TYP T MAX UNITS
INPUT CHARACTERISTICS '
input Offset Voltage (Notes 2, 20) +25°C - 2 8 mV
Full - - 10 mV
Average Input Offset Voltage Drift Full - 10 - uv/rec
V|0 Common Mode Rejection Ratio (Notes 20, 22) +25°C 50 - - dB
Full 35 - - dB
Vo Power Supply Rejection Ratio (Notes 20, 23) +25°C 55 - - dB
Full 50 - - dB
Non-Inverting Input (+IN) Current (Note 20) +25°C - 3 8 HA
Full . - 20 pA
+IN Common Mode Rejection (Note 22) +25°C - - 0.1 HANV
Full - . 0.5 nAN
+IN Power Supply Rejection (Note 23) +25°C - - 0.06 HANV
Full - - 0.2 pANV
Inverting Input (-IN) Current (Note 20) +25°C - 12 20 A
Full - 25 50 pA
-IN Common Mode Rejection (Note 22) +25°C - - 0.4 HAN
Full - - 0.5 HAN
-IN Power Supply Rejection (Note 23) +25°C - - 0.2 HAN
Full - - 05 HAN
TRANSFER CHARACTERISTICS
Transimpedance (Note 20) +25°C 1000 - - V/mA
Full 850 - - V/mA
Open Loop DC Voltage Gain +25°C 65 - - dB
R =400Q, Voyt =+2.5V Full 60 - - dB
Open Loop DC Voltage Gain +25°C 50 - - dB
R, = 100Q, Voyr = 2.5V Full 45 - - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 20) +25°C to +85°C +25 +3.0 -
-40°C to 0°C +2.5 +3.0 - \
QOutput Current (Note 21) +25°C +16.6 +20 - mA
(Guaranteed by Output Voltage Test) Full +16.6 +20 - mA
POWER SUPPLY CHARACTERISTICS
Quiescent Supply Current (Note 20) Full - 75 10 mA
Supply Current, Disabled (Notes 5, 20) Full - 5 7.5 mA
Disable Pin Input Current (Note 5) Full - 1.0 1.5 mA
Minimum Pin 8 Current to Disable (Note 25) Full 350 - - pnA
Maximum Pin 8 Current to Enable (Note 7) Full - - 20 pA
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Specifications HA-5020

Electrical Specifications V+ = +5V, V-= -5V, Ri = 1kQ, Ay = +1, R|_ = 400Q, C,_ <10pF, Unless Otherwise Specified.
Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect
lot-to-lot variation. (Continued)

HA-5020-5, -9

PARAMETER TEMPERATURE MIN TYP MAX UNITS
AC CHARACTERISTICS (Ay = +1)
Slew Rate (Note 26) +25°C 215 400 - Vius
Full Power Bandwidth (Note 27) +25°C 22 28 - MHz
Rise Time (Note 10) +25°C - 6 - ns
Fall Time (Note 10) +25°C - 6 - ns
Propagation Delay (Note 10) +25°C - 6 - ns
Overshoot +25°C - 45 - %
-3dB Bandwidth (Notes 11, 20) +25°C - 125 - MHz
Settling Time to 1%, 2V Output Step +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step +25°C - 75 - ns
AC CHARACTERISTICS (Ay = +2, R = 681Q)
Slew Rate (Note 26) +25°C - 475 - Vius
Full Power Bandwidth (Note 27) +25°C - 26 - MHz
Rise Time (Note 10) +25°C - 6 - ns
Fall Time (Note 10) +25°C - 6 - ns
Propagation Delay (Note 10) +25°C - 6 - ns
Overshoot +25°C - 12 - %
-3dB Bandwidth (Note 11) +25°C - 95 - MHz
Settling Time to 1%, 2V Output Step +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step +25°C - 100 - ns
AC CHARACTERISTICS (Ay = +10, Rg = 383Q)
Slew Rate (Note 26) +25°C 350 475 - V/us
Full Power Bandwidth (Note 27) +25°C 28 38 - MHz
Rise Time (Note 10) +25°C - 8 - ns
Fall Time (Note 10) +25°C - 9 - ns
Propagation Delay (Note 10) +25°C - 9 - ns
Overshoot +25°C - 1.8 - %
-3dB Bandwidth (Notes 11, 20) +25°C - 65 - MHz
Settling Time to 1%, 2V Output Step +25°C - 75 - ns
Settling Time to 0.1%, 2V Output Step +25°C - 130 - ns
HARRIS VALUE ADDED SPECIFICATIONS
Input Noise Voltage (f = 1kHz) (Note 20) +25°C - 4.5 - nVAHz
+Input Noise Current (f = 1kHz) (Note 20) +25°C - 25 - pA~Hz
-Input Noise Current (f = 1kHz) (Note 20) +25°C - 25 - pANHz
Input Common Mode Range Full +2.5V - - \
Output Current (Short Circuit, Note 24) Full +40 +60 - mA
Output Current (Disabled, Notes 5, 20, 24) Full - - 2 A
Output Disable Time (Notes 20, 29) +25°C - 40 - us
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Specifications HA-5020

Electrical Specifications Vi =45V, V-=-5V, R = 1kQ, Ay = +1, R = 400Q, C, <10pF, Unless Otherwise Specified.

Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect
lot-to-lot variation. (Continued)

HA-5020-5, -9
PARAMETER TEMPERATURE MIN TYP MAX UNITS

Output Enable Time (Notes 20, 30) +25°C - 40 - ns
Supply Voltage Range +25°C 5 - 15 \"
Output Capacitance (Disabled, Notes 5, 17) +25°C - 15 - pF
VIDEO CHARACTERISTICS

Differential Gain (Notes 18, 20, 21) +25°C - 0.03 - %
Differential Phase (Notes 18, 20, 21) +25°C - 0.03 - Degrees
Gain Flatness to 5SMHz +25°C - 0.1 - dB

NOTES:

1.

2.

[ BN I S )

20.
21.
22.
23.
24,
25.

26.
27.
28.

29.
30.

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

Suggested Vg Adjust Circuit: The inverting input current (-Ibias) can be adjusted with an external 10kQ pot between pins 1 and 5, wiper
connected to V+. Since -Ibias flows through the feedback resistor (Rg), the result is an adjustment in offset voltage. The amount of offset
voltage adjustment is determined by the value of Rg (AVpg = A-Ibias*Rg). )

. Vom=210V.

. #4.5V < Vg <#18V.

. Disable = OV.

. R_=100Q, V| = 10V. This is the minimum current which must be puiled out of the Disable pin in order to disable the output. The output

is considered disabled when -10mV < Vg1 < +10mV.

. VN = 0V. This is the maximum current that can be pulled out of the Disable pin with the HA-5020 remaining enabled. The HA-5020 is

considered disabled when the supply current has decreased by at least 0.5mA.

. Vour switches from -10V to +10V, or from +10V to -10V. Specification is from the 25% to 75% points.

Slew Rate
FPBW = ————— Vppak =10V.

2nVpeak

. R =100%, Vot = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay.
. R_ = 4009, Vour = 100mV.

. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation.

. Vin = £10V, Voyr = OV.

. Vour =210V.

. Vi = +10V, Disable = +15V to 0V. Measured from the 50% point of Disable to Voyt = OV.

. Vjy = +10V, Disable = OV to +15V. Measured from the 50% point of Disable to Vgt = 10V.

. Vin = 0V, Force Vg1 from OV to +10V, tg = t = 50ns.

. Measured with a VM700A video tester using a NTC-7 composite VITS.

. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for ceramic pack-

ages, and below +150°C for plastic packages.

See “Typical Performance Curves” for more information.

R =150Q

Vom = #2.5V. At -40°C product is tested at Vg = +2.25V because short test duration does not allow self heating.
+3.5V <Vg<16.5V.

Vour=%2.5V, V|y=0.

R =100Q. V|y = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output
is considered disabled when -10mV < Vot < +10mV.

Vour switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points.
FPBW = zs'e\;”ﬂ Vpgax = 2V
"VPEAK
Vin = 0V, Force Voyt from OV to 2.5V, tg = tr = 50ns.
V|y = +2V, Disable = +5V to 0V. Measured from the 50% point of Disable to Vqoyt = 0V.

Vin = +2V, Disable = 0V to +5V. Measured from the 50% point of Disable to Vgoyt = 2V.
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HA-5020

Die Characteristics GLASSIVATION:

Type: Nitride over Silox

DIE DIMENSIONS: Silox Thickness: 12kA + 2kA
1640pm x 1520um x 483um +25.4um Nitride Thickness: 3.5kA + 1kA
METALLIZATION: TRANSISTOR COUNT: 62
Type: Aluminum, 1% Copper . . . . ;
Thickness: 16KA + 2 PROCESS: High Frequency Bipolar Dielectric Isolation
WORST CASE CURRENT DENSITY: DIE ATTACH: ,
5.77 x 10% A/lem? at 30mA Material: Epoxy - Plastic DIP and SOIC

SUBSTRATE POTENTIAL (Powered Up): V-

Metallization Mask Layout

IN+

HA-5020

BAL DISABLE V+

538 71A 91@

TAS0001A1
I ety
B

e

YErETETETrETeY

ouTt

V- BAL
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HA-5020

Test Circuits
[+
| + DuT
r— <
1 S0 |
r-— [ - —
HP4195 !
NETWORK | 350 1
ANALYZER | 1
1 ]
b e om -
FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS
Vour
v DUT Ry
W Vour 400Q
50Q Ry —
1000
= Rg, 1K =
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT

LR 2008 L T L
FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE
Vertical Scale: Vi =100mV/Div., Voyt = 100mV/Div. Vertical Scale: V| = 1V/Div., Vot = 1V/Div.
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div.
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HA-5020

Typical Performance Curves vg,ppy =15V, Ay = +1, R = 1kQ, Ry = 4000, Ty = +25°C,
Unless Otherwise Specified

100 TR 100 25
Ay =+10
ig I |§ 20 -
z LI~ -INPUT NOISE CURRENT g 2 -
= R e = = VsuppLy = £ SV”
g Q g S
3 10 S 0% & -1 -
it o 3 ,/’ Vsuppiy =4.5V -
@ [T INPUT NOISE VOLTAGE 2] E 10 ’
2 N g ¢
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g I g © s ==t Vsuyppry =10V
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+INPUT NOISE CURRENT | [ T[Tttt Ll [ 11
1 1T A N 1T | 1 0.0
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FREQUENCY (Hz) TEMPERATURE (°C)
FIGURE 6. INPUT NOISE vs FREQUENCY FIGURE 7. INPUT OFFSET VOLTAGE vs TEMPERATURE
(Average of 18 Units from 3 Lots) (Absolute Value Average of 30 Units from 3 Lots)
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11 11
25 10 i : LTI 11]
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FIGURE 8. +INPUT BIAS CURRENT vs TEMPERATURE FIGURE 9. -INPUT BIAS CURRENT vs TEMPERATURE
Average of 30 Units from 3 Lots Absolute Value Average of 30 Units from 3 Lots
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FIGURE 10. TRANSIMPEDANCE vs TEMPERATURE FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE
Average of 30 Units from 3 Lots Average of 30 Units from 3 Lots
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HA-5020

Typical Performance Curves Vgppy =15V, Ay = +1, Rp = 1k, Ry = 400Q, T, = +25°C,
Unless Otherwise Specified (Continued)

7 9
DISABLE = OV T

6 _55°C — 8 __1 VsuppLy =+4.5V T~ [ Vsyppry =10V [T Vsyppry = +15V 7]
T — g7
E 5 L £
= L~ +25°C = 6 '
g )" =t E 5
o
£ |~ // """ +125°C x I
o 3 ] /, o 4 ~
» T
g //V g 3 —
% 2 1 % \\
) i ? 2

1 1

0 0

1 13 15 1 3 5 7 9 11 13 15

SUPPLY VOLTAGE (V)

FIGURE 12. DISABLE SUPPLY CURRENT vs SUPPLY VOLTAGE
Average of 30 Units from 3 Lots

DISABLE INPUT VOLTAGE (V)
FIGURE 13. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE
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FIGURE 14. DISABLE MODE FEEDTHROUGH vs FREQUENCY
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FIGURE 16. ENABLE/DISABLE TIME vs OUTPUT VOLTAGE
Average of 9 Units from 3 Lots
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FIGURE 15. DISABLED OUTPUT LEAKAGE vs TEMPERATURE
Average of 30 Units from 3 Lots
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FIGURE 17. NON-INVERTING GAIN vs FREQUENCY
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HA-5020

Typical Performance CUrves vgppy =15V, Ay = +1, Re = 1kQ, Ry = 400Q, T = +25°C,
Unless Otherwise Specified (Continued)
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FIGURE 18. INVERTING FREQUENCY RESPONSE FIGURE 19. PHASE vs FREQUENCY
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HA-5020

Typical Performance Curves vgppy =15V, Ay = +1, Rg = 1k, R_ = 4000, Ty = +25°C,
Unless Otherwise Specified (Continued)
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FIGURE 24. REJECTION RATIOS vs TEMPERATURE
Average of 30 Units from 3 Lots
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FIGURE 26. OUTPUT SWING OVERHEAD vs TEMPERATURE
Average of 30 Units from 3 Lots
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FIGURE 28. SHORT CIRCUIT CURRENT LIMIT vs TEMPERATURE
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HA-5020

Typical Performance Curves vgppy =15V, Ay = +1,

Re = 1k, Ry = 400, Ty = +25°C,

Unless Otherwise Specified (Continued)
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Typical Performance Curves vVgpp,y =5V, Ay = +1, Rg = 1kQ, R, = 4000, Ty = +25°C,
Unless Otherwise Specified
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Typical Performance Curves vgpp y =5V, Ay = +1, Rg = 1kQ, R, = 400, Ty = +25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgypp,y =5V, Ay = +1, Rg = 1kQ, R, = 4000, T = +25°C,
Unless Otherwise Specified (Continued)
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HA-5020

Typical Performance Curves vgyepy =5V, A, = +1, Re = 1kQ, Ry = 400Q, Ty = +25°C,
Unless Otherwise Specified (Continued)
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Application Information
Optimum Feedback Resistor

The plots of inverting and non-inverting frequency response
illustrate the performance of the HA-5020 in various closed
loop gain configurations. Although the bandwidth depen-
dency on closed loop gain isn’t as severe as that of a voltage
feedback amplifier, there can be an appreciable decrease in
bandwidth at higher gains. This decrease may be minimized
by taking advantage of the current feedback amplifier's
unique relationship between bandwidth and Rg All current
feedback amplifiers require a feedback resistor, even for
unity gain applications, and Rg, in conjunction with the inter-
nal compensation capacitor, sets the dominant pole of the
frequency response. Thus, the amplifier's bandwidth is
inversely proportional to Rg. The HA-5020 design is opti-
mized for a 1000Q2 Re at a gain of +1. Decreasing Rg in a
unity gain application decreases stability, resulting in exces-
sive peaking and overshoot. At higher gains the amplifier is
more stable, so Rg can be decreased in a trade-off of stabil-
ity for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth.

components are used the leads must be kept short espe-
cially for the power supply decoupling components and
those components connected to the inverting input.

Attention must be given to decoupling the power supplies. A
large value (10pF) tantalum or electrolytic capacitor in parallel
with a small value (0.1uF) chip capacitor works well in most
cases.

A ground plane is strongly recommended to control noise.
Care must also be taken to minimize the capacitance to
ground seen by the amplifier's inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. It is
recommended that the ground plane be removed under
traces connected to -IN, and that connections to -IN be kept
as short as possible to minimize the capacitance from this
node to ground.

Driving Capacitive Loads

Capacitive loads will degrade the amplifiers phase margin
resulting in frequency response peaking and possible oscil-
lations. In most cases the oscillation can be avoided by plac-
ing an isolation resistor (R) in series with the output as
shown in Figure 55.

GAIN BANDWIDTH
(AcL) Rg (Q) (MHz) Vin R Vour
-1 750 100
H 7000 125 Rr cL
+2 681 95 —
= Re =
+5 1000 52 R
/]
+10 383 65
-10 750 22 =
FIGURE 55. PLACEMENT OF THE OUTPUT ISOLATION
PC Board Layout RESISTOR, R

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resistors
and chip capacitors is strongly recommended. If leaded

The selection criteria for the isolation resistor is highly
dependent on the load, but 27Q has been determined to be
a good starting value.
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Enable/Disable Function

When enabled the ampilifier functions as a normal current
feedback amplifier with all of the data in the electrical specifi-
cations table being valid and applicable. When disabled the
amplifier output assumes a true high impedance state and
the supply current is reduced significantly.

The circuit shown in Figure 56 is a simplified schematic of
the enable/disable function. The large value resistors in
series with the DISABLE pin makes it appear as a current
source to the driver. When the driver pulls this pin low cur-
rent flows out of the pin and into the driver. This current,
which may be as large as 350pA when external circuit and
process variables are at their extremes, is required to insure
that point “A” achieves the proper potential to disable the
output. The driver must have the compliance and capability
of sinking all of this current.

+Vee
< R33
<
<
QP18
R7 A
15K I
ENABLE/
DISABLE INPUT

FIGURE 56. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE
FUNCTION

When V¢ is +5V the DISABLE pin may be driven with a
dedicated TTL gate. The maximum low level output voltage
of the TTL gate, 0.4V, has enough compliance to insure that
the amplifier will always be disabled even though D1 will not
turn on, and the TTL gate will sink enough current to keep
point “A” at its proper voltage. When V¢ is greater than +5
volts the DISABLE pin should be driven with an open collec-
tor device that has a breakdown rating greater than Vgg.

Referring to Figure 56, it can be seen that R6 will act as a pull-
up resistor to +V if the DISABLE pin is left open. In those
cases where the enable/disable function is not required on all
circuits some circuits can be permanently enabled by letting
the DISABLE pin float. If a driver is used to set the enable/dis-
able level, be sure that the driver does not sink more than
20pA when the DISABLE pin is at a high level. TTL gates,
especially CMOS versions, do not violate this criteria so it is
permissible to control the enable/disable function with TTL.

Two Channel Video Multiplexer

Referring to the amplifier U1A in Figure 57, R1 terminates
the cable in its characteristic impedance of 75Q, and R4
back terminates the cable in its characteristic impedance.
The amplifier is set up in a gain configuration of +2 to yield
an overall network gain of +1 when driving:a double termi-

nated cable. The value of R3 can be changed if a different
network gain is desired. R5 holds the disable pin at ground
thus inhibiting the amplifier until the switch, S1, is thrown to
position 1. At position 1 the switch pulls the disable pin up to
the plus supply rail thereby enabling the amplifier. Since all
of the actual signal switching takes place within the amplifier,
it's differential gain and phase parameters, which are 0.03%
and 0.03 degrees respectively, determine the circuit’s perfor-
mance. The other circuit, U1b, operates in a similar manner.

When the plus supply rail is 5V the disable pin can be driven
by a dedicated TTL gate as discussed earlier. |f a multiplexer
IC or its equivalent is used to select channels its logic must be
break before make. When these conditions are satisfied the
HA-5020 is often used as a remote video multiplexer, and the
multiplexer may be extended by adding more amplifier ICs.

Low Impedance Multiplexer

Two common problems surface when you try to multiplex
multiple high speed signals into a low impedance source
such as an A/D converter. The first problem is the low source
impedance which tends to make amplifiers oscillate and
causes gain errors. The second problem is the multiplexer
which supplies no gain, introduces all kinds of distortion and
limits the frequency response. Using op amps which have an
enable/disable function, such as the HA-5020, eliminates the
multiplexer problems because the external mux chip is not
needed, and the HA-5020 can drive low impedance (large
capacitance) loads if a series isolation resistor is used.

Referring to Figure 58, both inputs are terminated in their
characteristic impedance; 75Q is typical for video applica-
tions. Since the drivers usually are terminated in their char-
acteristic impedance the input gain is 0.5, thus the
amplifiers, U2, are configured in a gain of +2 to set the circuit
gain equal to one. Resistors R2 and R3 determine the ampli-
fier gain, and if a different gain is desired R2 should be
changed according to the equation G = (1 + R3/R2). R3 sets
the frequency response of the amplifier so you should refer
to the manufacturers data sheet before changing it's value.
R5, C1 and D1 are an asymmetrical charge/discharge time
circuit which configures U1 as a break before make switch to
prevent both amplifiers from being active simultaneously. If
this design is extended to more channels the drive logic
must be designed to be break before make. R4 is enclosed
in the feedback loop of the amplifier so that the large open
loop amplifier gain of U2 will present the load with a small

closed loop output impedance while keeping the amplifier

stable for all values of load capacitance.

The circuit shown in Figure 58 was tested for the full range
of capacitor values with no oscillations being observed; thus,
problem one has been solved. The frequency and gain char-
acteristics of the circuit are now those of the amplifier and
independent of any multiplexing action; thus, problem two
has been solved. The multiplexer transition time is approxi-
mately 15us with the component values shown.
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@D HARRIS HA5022

Dual 125MHz Video Current

July 1995 Feedback Amplifier with Disable
Features Description
¢ Dual Version of HA-5020 The HA5022 is a dual version of the popular Harris HA-

5020. It features wide bandwidth and high slew rate, and is
optimized for video applications and gains between 1 and

Individual Output Enable/Disable

¢ Input Offset Voltage. ....................... 800uV  10. It is a current feedback amplifier and thus yields less
« Wide Unity Gain Bandwidth ............... 125MHz Pandwidth degrada.ti.on at high closed loop gains than volt-
age feedback amplifiers.

eSlewRate ..............ooiiiiiiiinnn, 475Vius _ . . .

. ) . ., Thelow differential gain and phase, 0.1dB gain flatness, and
* Differential Gain..............cooevennennen. 0.03%  ability to drive two back terminated 752 cables, make this
« Differential Phase....................... 0.03 Deg. amplifier ideal for demanding video applications.
 Supply Current (per Amplifier)............... 7.5mA The HA5022 also features a disable function that signifi-

. cantly reduces supply current while forcing the output to a

* ESD Protection. .............cconenenannnnn 4000V true high impedance state. This functionality allows 2:1 video
¢ Guaranteed Specifications at +5V Supplies multiplexers to be implemented with a single IC.

. . The current feedback design allows the user to take advan-
Appllcatlons tage of the amplifier’s bandwidth dependency on the feed-
back resistor. By reducing Rg, the bandwidth can be
increased to compensate for decreases at higher closed
¢ Video Gain Block loop gains or heavy output loads.

¢ Video Distribution Amplifier/RGB Amplifier
¢ Flash A/D Driver

* Video Multiplexers; Video Switching and Routing

Ordering Information

* Current to Voltage Converter PART TEMPERATURE
g NUMBER RANGE PACKAGE
* Medical Imaging HAB022IP "40°C to +85°C | 16 Lead Plastic DIP
* Radar and Imaging Systems HA5022IB -40°C to0 +85°C | 16 Lead Plastic SOIC (N)
Pinout
HA5022
(PDIP, 150 MIL SOIC)
TOP VIEW
7
-nt 1] 6] out+
+IN1 [2] [15] nC
oist 3] [13] ne
V- E E V+
oisz [ [i2] ne
+IN2 E%_‘_E NC
-IN2 [7] 10] ouT2
ne [3] 3] NC
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 33923

Copyright © Harris Corporation 1995
pyrigl orporation 2.37
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Specifications HA5022

Absolute Maximum Ratings (Note 1) Operating Conditions

ESD Protection (Note 15). . .. ... .o iiiiee i 2000V  Operating Temperature Range

Voltage Between V+and V-Terminals. .. ................. 36V HAB0221 ....... ..o -40°C < Tp < +85°C
DClnputVoltage ... +Vgyppy Supply VoltageRange........................... +4.5V to +15V
Differential Input Voltage . .............. ... P 10V  Storage Temperature Range.............. -65°C < Tp < +150°C
OutputCurrent (Note 2) .. .............. Short Circuit Protected  Thermal Package Characteristics (°C/W) CATY
Junction Temperature (Note 19). . .................... +175°C Plastic DIP. ... 90
Junction Temperature (Plastic Package) (Note 19)-....... +150°C SOIC . o o e, 115
Lead Temperature (Soldering 10s). . .................. +300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vi+ = +5V, V- = -5V, Rg = 1kQ, Ay = +1, R = 400, C__ < 10pF,
Unless Otherwise Specified

(NOTE 12) HA50221
TEST
PARAMETER LEVEL TEMPERATURE | MIN I TYP l MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage (Vo) A +25°C - 0.8 3 mv
A Full - - 5 mV
Delta Vo Between Channels A Full - 1.2 3.5 mv
Average Input Offset Voltage Drift B Full - 5 - uv/°c
Vo Common Mode Rejection Ratio (Note 3) A +25°C 53 - - dB
A Full 50 - - dB
V|0 Power Supply Rejection Ratio (Note 4) A +25°C 60 - - dB
A Full 55 - - dB
Input Common Mode Range (Note 3) A Full +2.5 - - \
Non-Inverting Input (+IN) Current A +25°C - 3 8 pA
A Full - - 20 HA
+IN Common Mode Rejection (Note 3) A +25°C - - 0.15 HAN
+leowr = &7 A Full - - 05 WAN
+IN Power Supply Rejection (Note 4) A +25°C - - 0.1 RAN
A Full - - 0.3 nAN
Inverting Input (-IN) Current A +25°C, +85°C - 4 12 pA
A -40°C - 10 30 pA
Delta -IN BIAS Current Between Channels A +25°C, +85°C - 6 15 A
A -40°C - 10 30 uA
-IN Common Mode Rejection (Note 3) A +25°C - - 0.4 HAN
A Full - - 1.0 RAN
-IN Power Supply Rejection (Note 4) A +25°C - - 0.2 HAN
A Full - - 0.5 uAN
Input Noise Voltage (f = 1kHz) B +25°C - 45 - nVAHz
+Input Noise Current (f = 1kHz) B +25°C - 25 - pANHz
-Input Noise Current (f = 1kHz) B +25°C - 25.0 - pANHz
TRANSFER CHARACTERISTICS
Transimpedance (Note 21) A +25°C 1.0 - - MQ
A Full 0.85 - - MQ
Open Loop DC Voltage Gain A +25°C 70 - - dB
Ry =400Q, Voyr = ¥2.5V A =T 65 N - B
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Specifications HA5022

Electrical Specifications v+ =+5V, V-= -5V, Rg = 1kQ, Ay = +1, R_ = 4002, C, < 10pF,
Unless Otherwise Specified (Continued)

2-39

(NOTE 12) HA50221
TEST
PARAMETER LEVEL TEMPERATURE MIN TYP MAX UNITS
Open Loop DC Voltage Gain A +25°C 50 - - dB
R, =100Q, Voyt = +2.5V A Full 25 N N aB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 20) A +25°C +2.5 +3.0 -
A Full 2.5 +3.0 - Vv
Output Current (Note 20) B Full +16.6 | +20.0 - mA
Output Current (Short Circuit, Note 13) A Full +40 +60 - mA
Output Current (Disabled, Notes 5, 14) A Full - - 2 A “
Output Disable Time (Note 15) B +25°C - 40 - us '-
Output Enable Time (Note 16) B +25°C - 40 - ns &' »
Output Capacitance (Disabled, Notes 5, 17) B +25°C - 15 - pF g ﬁ
POWER SUPPLY CHARACTERISTICS E L:L
Supply Voltage Range A +25°C 5 - 15 \Y% E %
Quiescent Supply Current A Full - 7.5 10 mA/Op Qo- <
Amp
Supply Current, Disabled (Note 5) A Full - 5 75 mA/Op
Amp
Disable Pin Input Current (Note 5) Full - 1.0 1.5 mA
Minimum Pin 8 Current to Disable (Note 6) Full 350 - - A
Maximum Pin 8 Current to Enable (Note 7) A Full - - 20 pA
AC CHARACTERISTICS (Ay = +1)
Slew Rate (Note 8) B +25°C 275 400 - Vius
Full Power Bandwidth (Note 9) B +25°C 22 28 - MHz
Rise Time (Note 10) B +25°C 6 - ns
Fall Time (Note 10) B +25°C - - ns
Propagation Delay (Note 10) B +25°C - - ns
Overshoot B +25°C - 45 - %
-3dB Bandwidth (Note 11) B +25°C - 125 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 75 - ns
AC CHARACTERISTICS (Ay = +2, R = 681Q)
Slew Rate (Note 8) B +25°C - 475 - Vips
Full Power Bandwidth (Note 9) B +25°C - 26 - MHz
Rise Time (Note 10) B +25°C - - ns
Fall Time (Note 10) B +25°C - - ns
Propagation Delay (Note 10) B +25°C - - ns
Overshoot B +25°C - 12 - %
-3dB Bandwidth (Note 11) B +25°C - 95 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 100 - ns
Gain Flatness 5MHz B +25°C - 0.02 - dB
20MHz B +25°C 0.07 - dB



Specifications HA5022

Electrical Specifications Vi =45V, V-= -5V, Re = 1kQ, Ay = +1, R = 400Q, C__< 10pF,

Unless Otherwise Specified (Continued)

(NOTE 12) HA50221
TEST
PARAMETER LEVEL TEMPERATURE | MIN 1 TYP I MAX UNITS
AC CHARACTERISTICS (Ay = +10, Rg = 383Q)
Slew Rate (Note 8) B +25°C 350 475 - Vius
Full Power Bandwidth (Note 9) B +25°C 28 38 - MHz
Rise Time (Note 10) B +25°C - 8 - ns
Fall Time (Note 10) B +25°C - 9 - ns
Propagation Delay (Note 10) B +25°C - 9 - ns
Overshoot B +25°C - 1.8 - %
-3dB Bandwidth (Note 11) B +25°C - 65 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 75 - ns
Settling Time to 0.1%, 2V Output Step B +25°C - 130 - ns
VIDEO CHARACTERISTICS
Differential Gain (Notes 18, 20) B +25°C - 0.03 - %
Differential Phase (Notes 18, 20) B +25°C - 0.03 - Degrees
NOTES:

1.

[ B I )

10.
11.
12.
13.
14
15.
16.
17.
. Measured with a VM700A video tester using an NTC-7 composite VITS.
19.

20.
21,
22.

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

. Outputis protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty

cycle) output current should not exceed 15mA for maximum reliability.

. Vom =12.5V. At -40°C Product is tested at Vg = +2.25V because short test duration does not allow self heating.

. +35V < Vg <+6.5V.

. Disable = OV.

. R_=100Q, V|\ = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output

is considered disabled when -10mV < Vgy1 < +10mV.

. V|y = OV. This is the maximum current that can be pulled out of the Disable pin with the HA5024 remaining enabled. The HA5024 is con-

sidered disabled when the supply current has decreased by at least 0.5mA.

. Vour switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points.

Slew Rate

FPBW = ' VPEAK = 2V

2nVpEAK :
R =100Q, Voyr = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay.
R =400Q, Voyt = 100mV.
A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only.
Vin =#2.5V, Voyr = 0V.
Vout =+2.5V, Viy=OV.
Vi = +2V, Disable = +5V to 0V. Measured from the 50% point of Disable to Vour = OV.
V|y = +2V, Disable = 0V to +5V. Measured from the 50% point of Disable to Voyt = 2V.
Vin = 0V, Force Vgt from OV to 2.5V, tg = tg = 50ns.

Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below
+150°C for plastic packages. See Applications Information section for safe operating area information.

R_=150Q.
Vout = +2.5V. At -40°C Product is tested at Vo1 = +2.25V because short test duration does not allow self heating.
ESD Protection is for human body model tested per MIL-STD-883, Method 3015.7.
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>

>
250

[ Y-

FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS

Test Circuits
.-
HP4195 !
NETWORK !
ANALYZER !
]
1
-
pUT
v,
N Vour
500 R
100Q
= R, 1K 3

FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT

‘ _ 208
FIGURE 4. SMALL SIGNAL RESPONSE

Vertical Scale: V| = 100mV/Div., Vgoyt = 100mV/Div.
Horizontal Scale: 20ns/Div.

Vour

FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT

i | 2 sens

FIGURE 5. LARGE SIGNAL RESPONSE
Vertical Scale: Vg = 1V/Div., Voyr =1V/Div.
Horizontal Scale: 50ns/Div.
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Optimum Feedback Resistor

The plots of inverting and non-inverting frequency response,
see Figure 11 and Figure 12 in the Typical Performance
Curves section, illustrate the performance of the HA5022 in
various closed loop gain configurations. Although the band-
width dependency on closed loop gain isn’t as severe as that
of a voltage feedback amplifier, there can be an appreciable
decrease in bandwidth at higher gains. This decrease may
be minimized by taking advantage of the current feedback
amplifier’s unique relationship between bandwidth and Rg
All current feedback amplifiers require a feedback resistor,
even for unity gain applications, and R, in conjunction with
the internal compensation capacitor, sets the dominant pole
of the frequency response. Thus, the amplifier's bandwidth
is inversely proportional to Rg. The HA5022 design is opti-
mized for a 1000Q Rg at a gain of +1. Decreasing Rg in a
unity gain application decreases stability, resulting in exces-
sive peaking and overshoot. At higher gains the amplifier is
more stable, so Rg can be decreased in a trade-off of stabil-
ity for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth.

GAIN BANDWIDTH
(Acr) Rg (Q) (MHz)
-1 750 100
+ 1000 125
+2 681 95
+5 1000 52
+10 383 65
-10 750 22
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resistors
and chip capacitors is strongly recommended. If leaded
components are used the leads must be kept short espe-
cially for the power supply decoupling components and
those components connected to the inverting input.

Attention must be given to decoupling the power supplies. A
large value (10pF) tantalum or electrolytic capacitor in paral-
lel with a small value (0.1pF) chip capacitor works well in
most cases.

A ground plane is strongly recommended to control noise.
Care must also be taken to minimize the capacitance to
ground seen by the amplifier's inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. It is
recommended that the ground plane be removed under
traces connected to -IN, and that connections to -IN be kept
as short as possible to minimize the capacitance from this
node to ground.

Driving Capacitive Loads

Capacitive loads will degrade the amplifier's phase margin
resulting in frequency response peaking and possible oscil-
lations. In most cases the oscillation can be avoided by plac-
ing an isolation resistor (R) in series with the output as
shown in Figure 6.

FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION
RESISTOR, R

The selection criteria for the isolation resistor is highly
dependent on the load, but 27Q has been determined to be
a good starting value.

Power Dissipation Considerations

Due to the high supply current inherent in quad amplifiers,
care must be taken to insure that the maximum junction tem-
perature (T; see Absolute Maximum Ratings) is not
exceeded. Figure 7 shows the maximum ambient tempera-
ture versus supply voltage for the available package styles
(Plastic DIP, SOIC). At +5Vpc quiescent operation both
package styles may be operated over the full industrial
range of -40°C to +85°C. It is recommended that thermal
calculations, which take into account output power, be per-
formed by the designer.

140
: T

130 P-DIP
I
B 420 N \~‘
'E' 110
u ‘1\\
~{ | ]
5 -—
E 20 soic \

5 7 9 1 13 15
SUPPLY VOLTAGE (V)

FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE
vs SUPPLY VOLTAGE

Enable/Disable Function

When enabled the amplifier functions as a normal current
feedback amplifier with all of the data in the electrical specifi-
cations table being valid and applicable. When disabled the
amplifier output assumes a true high impedance state and
the supply current is reduced significantly.
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The circuit shown in Figure 8 is a simplified schematic of the
enable/disable function. The large value resistors in series
with the DISABLE pin makes it appear as a current source to
the driver. When the driver pulls this pin low current flows out
of the pin and into the driver. This current, which may be as
large as 350pA when external circuit and process variables
are at their extremes, is required to insure that point “A”
achieves the proper potential to disable the output. The
driver must have the compliance and capability of sinking all
of this current.

+Vee
>
i > R10 R33
QP18
R7 S R A
15K -
o—A—4 QP3

ENABLE/DISABLE INPUT

FIGURE 8. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE
FUNCTION

When Vg is +5V the DISABLE pin may be driven with a
dedicated TTL gate. The maximum low level output voltage
of the TTL gate, 0.4V, has enough compliance to insure that
the amplifier will always be disabled even though D1 will not
turn on, and the TTL gate will sink enough current to keep
point “A” at its proper voltage. When V¢ is greater than +5
volts the DISABLE pin should be driven with an open collec-
tor device that has a breakdown rating greater than Vc.

Referring to Figure 8, it can be seen that R6 will act as a
pull-up resistor to +V¢g if the DISABLE pin is left open. In
those cases where the enable/disable function is not
required on all circuits some circuits can be permanently
enabled by letting the DISABLE pin float. If a driver is used
to set the enable/disable level, be sure that the driver does
not sink more than 20pA when the DISABLE pin is at a high
level. TTL gates, especially CMOS versions, do not violate
this criteria so it is permissible to control the enable/disable
function with TTL.

Two Channel Video Multiplexer

Referring to the amplifier U1A in Figure 9, R1 terminates the
cable in its characteristic impedance of 75Q, and R4 back
terminates the cable in its characteristic impedance. The
amplifier is set up in a gain configuration of +2 to yield an
overall network gain of +1 when driving a double terminated
cable. The value of R3 can be changed if a different network
gain is desired. R5 holds the disable pin at ground thus
inhibiting the amplifier until the switch, S1, is thrown to posi-
tion 1. At position 1 the switch pulls the disable pin up to the

plus supply rail thereby enabling the amplifier. Since all of
the actual signal switching takes place within the amplifier,
it's differential gain and phase parameters, which are 0.03%
and 0.03 degrees respectively, determine the circuit's perfor-
mance. The other circuit, U1b, operates in a similar manner.

When the plus supply rail is 5V the disable pin can be driven
by a dedicated TTL gate as discussed earlier. If a multiplexer
IC or its equivalent is used to select channels its logic must
be break before make. When these conditions are satisfied
the HA5022 is often used as a remote video multiplexer, and
the multiplexer may be extended by adding more amplifier
ICs.

Low Impedance Multiplexer

Two common problems surface when you try to multiplex
multiple high speed signals into a low impedance source
such as an A/D converter. The first problem is the low source
impedance which tends to make amplifiers oscillate and
causes gain errors. The second problem is the multiplexer
which supplies no gain, introduces all kinds of distortion and
limits the frequency response. Using op amps which have an
enable/disable function, such as the HA5022, eliminates the
multiplexer problems because the external mux chip is not
needed, and the HA5022 can drive low impedance (large
capacitance) loads if a series isolation resistor is used.

Referring to Figure 10, both inputs are terminated in their
characteristic impedance; 75Q is typical for video applica-
tions. Since the drivers usually are terminated in their char-
acteristic impedance the input gain is 0.5, thus the
amplifiers, U2, are configured in a gain of +2 to set the circuit
gain equal to one. Resistors R2 and R3 determine the ampli-
fier gain, and if a different gain is desired R2 should be
changed according to the equation G = (1 + R3/R2). R3 sets
the frequency response of the amplifier so you should refer
to the manufacturers data sheet before changing it's value.
R5, C1 and D1 are an asymmetrical charge/discharge time
circuit which configures U1 as a break before make switch to
prevent both amplifiers from being active simuitaneously. If
this design is extended to more channels the drive logic
must be designed to be break before make. R4 is enclosed
in the feedback loop of the amplifier so that the large open
loop amplifier gain of U2 will present the load with a small
closed loop output impedance while keeping the amplifier
stable for all values of load capacitance.

The circuit shown in Figure 10 was tested for the full range
of capacitor values with no oscillations being observed; thus,
problem one has been solved.The frequency and gain char-
acteristics of the circuit are now those of the amplifier inde-
pendent of any multiplexing action; thus, problem two has
been solved. The multiplexer transition time is approximately
15us with the component values shown.
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W TO 75Q LOAD
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2000
_— 1
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R9 100
VIDEO INPUT #2 o Jor—e—WA— 8V
ALL
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R10
2000
= NOTES:

1. U1is HA5022
2. All resistors in Q

5V IN Vv - -5V
* I |+ *5 SVIN | l 5 3. S1is break before make
0.1uF I I 10uF 0.1uF _T_ 10uF 4. Use ground plane
+

R3A
INPUT B g81
R1A
R1A 681 U2A R4A
75 WA 16 27
— 1 : 2 AVA"T
INPUT A ' 2 —5v
D1A = T 0.014F
R1B u
%75 1N4148 =
2000
U1 c AAA.

ClA L R2s !
CHANNEL D.O47uFI 7aU2B R4B
[ SE—— 27
SWITCH = o 10 Lo OUTPUT

NOTES:
1 — 1. U2: HA5022
R6 1N4148 -
100K 2. U1: CD4011

FIGURE 10. LOW IMPEDANCE MULTIPLEXER
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Typical Performance CUrves Vgyepyy =5V, Ay = +1, Re = 1kQ, Ry = 400Q, T, = 25°C,
Unless Otherwise Specified
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FIGURE 11. NON-INVERTING FREQENCY RESPONSE
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Typical Performance Curves vgyppy =#5V, Ay = +1, Re = 1kQ, R = 400Q, T, = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgpp =15V, A, = +1, Rg = 1k, R_ = 4000, Ty = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgypepy =5V, Ay = +1, Re = 1kQ, Ry = 400Q, T, = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance CUrves vgyppy =5V, Ay = +1, Rg = 1kQ, R, = 400Q, Ty = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves Vgyppy =5V, Ay = +1, Rg = 1kQ, R = 400, T = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 43. DISABLE FEEDTHROUGH vs FREQUENCY

32 20

oA || ,,,

\ENABLE

28 N 16
@ 2% AN 147
;E; 2 ENABLE 2 u
F 22 10 F
| -
o 20 A s 2
3 —1/ 3
W 18— pisaBLE 6 o

16 ~ a

R ™ DISABLE 2

N
12 - 0

25 20 15 10 05 0 05 10 15 20 25
OUTPUT VOLTAGE (V)

FIGURE 42. ENABLE/DISABLE TIME vs OUTPUT VOLTAGE

10 T T
Ry =100Q_]
1 ~ L
~ 04
c N
2 0.01 N 180
8 N n @
2 0.001 135 4l
<
3 . % §
o
= 45 %
7]
z °o g
£ 45 2
\l,, &
-90
z

0.001 0.01 0.1 1 10 100
FREQUENCY (MHz)

FIGURE 44. TRANSIMPEDANCE vs FREQUENCY

10 T T
1 P R, = 400Q |
TN
g 0.1 <4
£ 180
3 0.01 “ nl a
Z 0.001 135 W
3 % &
g a
= 45 =
7] Y
< 0 &
-] z
<
[= -45 w
90 %
135
0.001 0.0 0.1 1 10 100

FREQUENCY (MHz)

FIGURE 45. TRANSIMPEDENCE vs FREQUENCY

2-51

OPERATIONAL
AMPLIFIERS




HA5022

Die Characteristics -

DIE DIMENSIONS:
1650um x 2540um x 483um +25.4um

METALLIZATION:
Type: Metal 1: AlICu (1%), Metal 2: AICu (1%)
Thickness: Metal 1: 8kA + 0.4kA, Metal 2: 16kA + 0.8kA

WORST CASE CURRENT DENSITY:
1.62 x 105 A/em? at 35mA

SUBSTRATE POTENTIAL (POWERED UP): V-

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.4kA

TRANSISTOR COUNT: 124
PROCESS: High Frequency Bipolar Dielectric Isolation

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

Metallization Mask Layout

HA5022

- £
F4 2
o

+IN1

+IN2
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@ HARRIS HA5023

Dual 125MHz Video Current

July 1995 Feedback Amplifier

Features Description
* Wide Unity Gain Bandwidth ............... 125MHz The HA5023 is a wide bandwidth high slew rate dual ampli-

fier optimized for video applications and gains between 1
* SlewRate.........oooiiiiiiiiiiann 475Vius and 10. It is a current feedback amplifier and thus yields less
¢ Input Offset Voltage..... heeirseaeretennans 800pV bandwidth degradation at high closed loop gains than volt-

ifiors.
« Differential Gain............... ceeereee....003% °29°feedbackampliiers
. The low differential gain and phase, 0.1dB gain flatness, and

* Differential Phase. ...................... 0.03Deg. ity to drive two back terminated 75Q cables, make this
* Supply Current (per Amplifier)............... 7.5mA amplifier ideal for demanding video applications.
o ESD Protection. ... ovveeenrenneenennnnnenn 4000v The current feedback design allows the user to take advan-

tage of the amplifier's bandwidth dependency on the feed-
* Guaranteed Specifications at +5V Supplies back resistor. By reducing Rg, the bandwidth can be

increased to compensate for decreases at higher closed
A ppli cations loop gains or heavy output loads.

The performance of the HA5023 is very similar to the popu-
* Video Gain Block lar Harris HA-5020.
¢ Video Distribution Amplifier/ RGB Amplifier
* Flash A/D Driver Ordering Information
¢ Current to Voltage Converter PART TEMPERATURE
¢ Medical Imaging NUMBER RANGE PACKAGE
» Radar and Imaging Systems HA50231P -40°C to +85°C 8 Lead Plastic DIP
* Video Switching and Routing HAS023IB | -40°C10+85°C | 8 Lead Plastic SOIC (N)
Pinout

HA5023
(PDIP, SOIC)
TOP VIEWV
J
ouTH E 8] v+
N1 E% 7] our2
+IN1 [3] &3 -IN2
v- [4] 5] +IN2
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3393.4

Copyright © Harris Corporation 1995 2.53
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Specifications HA5023

Absolute Maximum Ratings (Note 1)

ESD Protection (Note 15). .. ...t 2000V
Voltage Between V+ and V-Terminals . . .................. 36V
DCinputVoltage ................................... +VsuppLy
Differential Input Voltage . ................. .. oot iov

Output Current (Note 2) .. ............ . Short Circuit Protected

Junction Temperature (Note 12). .. ................... +175°C
Junction Temperature (Plastic Package) (Note 12) ....... +150°C
Lead Temperature (Soldering 108).................... +300°C

(SOIC - Lead Tips Only)

Operating Conditions
Operating Temperature Range

HAS0231. ..o -40°C < Ty < +85°C
Supply Voltage Range. .......................... +4.5V to 15V
Storage Temperature Range. . ............ -65°C < Tp < +150°C
Thermal Package Characteristics (°C/W) 6,

Plastic DIP. .. ... 130

SOIC . o 160

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications V+ =45V, V-= -5V, Rg = 1kQ, Ay =
Unless Otherwise Specified

+1, R =400Q, C, < 10pF,

(NOTE 16) HA50231
TEST
PARAMETER LEVEL TEMPERATURE MIN | TYP I MAX UNITS

INPUT CHARACTERISTICS
Input Offset Voltage (Vo) A +25°C - 0.8 3 mV

A Full - - 5 mV
Delta Vo Between Channels A Full - 1.2 3.5 mV
Average Input Offset Voltage Drift B Full 5 - Y]
Vio Common Mode Rejection Ratio (Note 3) A +25°C 53 - - dB

A Full 50 - - dB
Vo Power Supply Rejection Ratio (Note 4) A +25°C 60 - - dB

A Full 55 - - dB
Input Common Mode Range (Note 3) A Full +2.5 - - \Y
Non-Inverting Input (+IN) Current A +25°C 3 8 pA

A Full - - 20 nA
+IN Commor) Mode Rejection (Note 3) A +25°C - - 0.15 pAN
(Heowr = ) A Full - - 05 | pAv
+IN Power Supply Rejection (Note 4) A +25°C - - 0.1 RAN

A Full - 0.3 nAN
Inverting Input (-IN) Current A +25°C, +85°C - 4 12 HA

A -40°C - 10 30 nA
Delta - IN BIAS Current Between Channels A +25°C, +85°C - 6 15 HA

A -40°C - 10 30 pA
-IN Common Mode Rejection (Note 3) A +25°C - - 0.4 uAN

A Full - - 1.0 uAN
-IN Power Supply Rejection (Note 4) A +25°C - - 0.2 HAN

A Full - - 05 pAN
Input Noise Voltage (f = 1kHz) B +25°C - 45 - nVAHz
+Input Noise Current (f = 1kHz) B +25°C - 25 pANHZ
-Input Noise Current (f = 1kHz) B +25°C - 25.0 - pANHz
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Specifications HA5023

Electrical Specifications v+ = +5V, V- = -5V, Rg = 1kQ, Ay = +1, R = 400Q, C__ < 10pF,

Unless Otherwise Specified (Continued)

(NOTE 16) HA5023]
TEST
PARAMETER LEVEL TEMPERATURE MIN | TYP l MAX UNITS
TRANSFER CHARACTERISTICS
Transimpedence (Note 14) A +25°C 1.0 - - MQ
A Full 0.85 - - MQ
Open Loop DC Voltage Gain, R = 4009, Voyrt = +2.5V A +25°C 70 - dB
A Full 65 - - dB
Open Loop DC Voltage Gain, R = 100Q, VoyT = 2.5V A +25°C 50 - - dB
A Full 45 - - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 13) A +25°C 25 +3.0 -
A Full +2.5 +3.0 - \
Output Current (Note 13) B Full +16.6 +20.0 - mA
Output Current (Short Circuit, Note 10) A Full +40 +60 - mA
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range A +25°C 5 - 15 \"
Quiescent Supply Current Full - 7.5 10 mA/Op
Amp
AC CHARACTERISTICS (Ay = +1)
| Slew Rate (Note 5) B +25°C 275 350 - Vius
Full Power Bandwidth (Note 6) B +25°C 22 28 - MHz
Rise Time (Note 7) B +25°C - 6 - ns
Fall Time (Note 7) B +25°C - 6 - ns
Propagation Delay (Note 7) B +25°C - 6 - ns
Overshoot B +25°C - 4.5 - %
-3dB Bandwidth (Note 8) B +25°C - 125 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 75 - ns
AC CHARACTERISTICS (Ay = +2, Rg = 681Q)
Slew Rate (Note 5) B +25°C - 475 - V/us
Full Power Bandwidth (Note 6) B +25°C - 26 - MHz
Rise Time (Note 7) B +25°C - 6 - ns
Fall Time (Note 7) B +25°C - 6 - ns
Propagation Delay (Note 7) B +25°C - 6 - ns
Overshoot B +25°C - 12 - %
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Specifications HA5023

Electrical Specifications V+ = +5V, V- = -5V, Rg = 1kQ, Ay = +1, R, = 400Q, C_ < 10pF,
Unless Otherwise Specified (Continued)
(NOTE 16) HA50231
TEST
PARAMETER LEVEL TEMPERATURE MIN TYP MAX UNITS

-3dB Bandwidth (Note 8) B +25°C - 95 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 100 - ns
Gain Flatness 5MHz B +25°C - 0.02 - dB

20MHz B +25°C - 0.07 - dB
AC CHARACTERISTICS (Ay = +10, Rg = 3830Q)
Slew Rate (Note 5) B +25°C 350 475 - Vius
Full Power Bandwidth (Note 6) B +25°C 28 38 - MHz
Rise Time (Note 7) B +25°C - 8 - ns
Fall Time (Note 7) B +25°C - 9 - ns
Propagation Delay (Note 7) B +25°C . 9 - ns
Overshoot B +25°C - 1.8 - %
-3dB Bandwidth (Note 8) B +25°C - 65 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 75 - ns
Settling Time to 0.1%, 2V Output Step B +25°C - 130 - ns
VIDEO CHARACTERISTICS
Differential Gain (Notes 11, 13) B +25°C - 0.03 - %
Differential Phase (Notes 11, 13) B +25°C - 0.03 - Degrees

NOTES:

1.

2.

©

10.
1.
12,

13.
14.
15.

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

Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty
cycle) output current should not exceed 15mA for maximum reliability.

. Vom = £2.5V. At -40°C Product is tested at Vgy = +2.25V because Short Test Duration does not allow self heating.
. 3.5V < Vg < 6.5V

. Vour switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points.

: 2[FPBW=§°lHi‘°.~v =2VJ

ZRVPEAK' PEAK

. R =100%Q, Voyt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay.
. R =400Q, Voyr = 100mV.

. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only.

Vi = +2.5V, Voyt = 0V.

Measured with a VM700A video tester using an NTC-7 composite VITS.

Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below
+150°C for plastic packages. See Applications Information section for safe operating area information.

R =150Q.

Vour = +2.5V. At -40°C Product is tested at Vgt = +2.25V because Short Test Duration does not allow self heating.
ESD protection is for human body model tested per MIL-STD-883, Method 3015.7.

. A. Production Tested; B. Guaranteed limit or Typical based on characterization; C. Design Typical for information only.
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HA5023

Test Circuits
|_—_—>
DuT
.
.
50 l

r==fF==n -
1 ]

NETWORK | 350 1

ANALYZER | 1
1 1
1 1
o - - o

FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS
Vour
v DUT L
N Vour 4000
50Q Ry =
1000
- Rg, 1K =
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT

ey © | 88 gy | ¢ . -

FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE
Vertical Scale: Vy = 100mV/Div., Voyt = 100mV/Div. Vertical Scale: V| = 1V/Div., Voyr = 1V/Div.
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div.
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HA5023

Application Information
Optimum Feedback Resistor

The plots of inverting and non-inverting frequency response,
see Figure 8 and Figure 9 in the typical performance section,
illustrate the performance of the HA5023 in various closed
loop gain configurations. Although the bandwidth depen-
dency on closed loop gain isn't as severe as that of a voltage
feedback amplifier, there can be an appreciable decrease in
bandwidth at higher gains. This decrease may be minimized
by taking advantage of the current feedback amplifier’s
unique relationship between bandwidth and Rg. All current
feedback amplifiers require a feedback resistor, even for
unity gain applications, and Rg, in conjunction with the inter-
nal compensation capacitor, sets the dominant pole of the
frequency response. Thus, the amplifier’s bandwidth is
inversely proportional to Rg. The HA5023 design is opti-
mized for a 1000Q Rg at a gain of +1. Decreasing Rg in a
unity gain application decreases stability, resulting in exces-
sive peaking and overshoot. At higher gains the amplifier is
more stable, so Rg can be decreased in a trade-off of stabil-
ity for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth.

GAIN BANDWIDTH
(Acl) Re (Q) (MHz)
-1 750 100
+1 1000 125
+2 681 95
+5 1000 52
+10 383 65
-10 750 22
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resistors
and chip capacitors is strongly recommended. If leaded
components are used the leads must be kept short espe-
cially for the power supply decoupling components and
those components connected to the inverting input.

Attention must be given to decoupling the power supplies. A
large value (10pF) tantalum or electrolytic capacitor in paral-
lel with a small value (0.1pF) chip capacitor works well in
most cases.

A ground plane is strongly recommended to control noise.
Care must also be taken to minimize the capacitance to
ground seen by the amplifier's inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. !t is recom-

mended that the ground plane be removed under traces
connected to -IN, and that connections to -IN be kept as
short as possible to minimize the capacitance from this node
to ground.

Driving Capacitive Loads

Capacitive loads will degrade the amplifier's phase margin
resulting in frequency response peaking and possible oscilla-
tions. In most cases the oscillation can be avoided by placing
an isolation resistor (R) in series with the output as shown in
Figure 6.

Vin R

Vour
Ry
I

Re

FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION
RESISTOR, R

The selection criteria for the isolation resistor is highly
dependent on the load, but 27Q has been determined to be
a good starting value.

Power Dissipation Considerations

Due to the high supply current inherent in quad amplifiers,
care must be taken to insure that the maximum junction tem-
perature (T;, see Absolute Maximum Ratings) is not
exceeded. Figure 7 shows the maximum ambient tempera-
ture versus supply voltage for the available package styles
(Plastic DIP, SOIC). At £5Vp¢ quiescent operation both pack-
age styles may be operated over the full industrial range of -
40°C to +85°C. It is recommended that thermal calculations,
which take into account output power, be performed by the
designer.

140

—

-
[
o

-y
N
o

P-DIP

-
=
o

-
o
o

/

SOIC

@
o

/

-3
o

mnn

5 7 9 " 13 15
SUPPLY VOLTAGE (V)

v
o

MAX. AMBIENT TEMPERATURE (°C)

FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE
vs SUPPLY VOLTAGE

2-59

OPERATIONAL
AMPLIFIERS




HA5023

Typical Performance Curves vgyppy =5V, A = +1, Rg = 1kQ, R = 4000, Ty = 25°C,
Unless Otherwise Specified
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FIGURE 8. NON-INVERTING FREQENCY RESPONSE
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FIGURE 10. PHASE RESPONSE AS A FUNCTION OF
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FIGURE 12. BANDWIDTH AND GAIN PEAKING vs FEEDBACK
RESISTANCE
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FIGURE 9. INVERTING FREQUENCY RESPONSE
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HA5023

Typical Performance CUrves Vg ppy =5V, Ay = +1, R = 1kQ, R = 4000, T4 = 25°C,
Unless Otherwise Specified (Continued)

80 T T 16 T T
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FIGURE 14. BANDWIDTH vs FEEDBACK RESISTANCE
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HA5023

Typical Performance Curves Vs ppy =5V, A, = +1, Re = 1kQ, R, = 400Q, Ty = 25°C,

Unless Otherwise Specified (Continued)
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FIGURE 24. INVERTING GAIN FLATNESS vs FREQUENCY

FIGURE 25. INPUT NOISE CHARACTERISTICS
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HA5023

Typical Performance CUrves Vgypp,y =5V, Ay = +1, R = 1kQ, R, = 400Q, Ty = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 26. INPUT OFFSET VOLTAGE vs TEMPERATURE
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Typical Performance Curves vg,pp,y = +5V, A, = +1, Re = 1kQ, R_ = 400Q, Tp = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE
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Typical Performance Curves vqpp,y =5V, Ay = +1, R = 1kQ, Ry = 400Q, Ty = 25°C,
Unless Otherwise Specified (Continued)
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Die Characteristics

DIE DIMENSIONS:
1650um x 2540pum x 483um +25.4um

METALLIZATION:
Type: Metal 1: AICu (1%), Metal 2: AICu (1%)
Thickness: Metal 1: 8kA +0.4kA, Metal 2: 16kA + 0.8kA

WORST CASE CURRENT DENSITY:
1.9 x 105 A/em? at 15mA

SUBSTRATE POTENTIAL (POWERED UP): V-

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.4kA

TRANSISTOR COUNT: 124
PROCESS: High Frequency Bipolar Dielectric Isolation

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

Metallization Mask Layout
HA5023

V+

-IN1

+IN1

4=9290S

=
-

1
)
=3
SR

ouT2

T
¥3L90S 1
n. e e

+IN
-IN
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% SEMICONDUCTOR

July 1995

HA5024

Quad 125MHz Video Current
Feedback Amplifier with Disable

Features
¢ Quad Version of HA-5020
¢ Individual Output Enable/Disable

¢ Guaranteed Specifications at +5V Supplies

Applications

* Video Muitiplexers; Video Switching and Routing
¢ Video Gain Block

¢ Video Distribution Amplifier/RGB Amplifier

* Flash A/D Driver

o Input OffsetVoltage..............ccvuuennnn 80ouVv 10. It is a current feedback amplifier and thus yields less
" . . . bandwidth degradation at high closed loop gains than volt-
¢ Wide Unity Gain Bandwidth ............... 125MHz age feedback amplifiers.

*SlewRate ...........cooeiiiiiiiiiinnn, 475VIis  The jow differential gain and phase, 0.1dB gain flatness, and
* Differential Gain...............ccovvvnnnnn. 0.03% ability to drive two back terminated 75Q cables, make this
i amplifier ideal for demanding video applications.

* Differential Phase. ...................... 0.03 Deg.
. The HAS5024 also features a disable function that signifi-
* Supply Current (per Amplifier)............... 7.5MA  cantly reduces supply current while forcing the output to a

o ESD ProteCtion. - . v v ve e e q000v true high impedance state. This functionality allows 2:1 and

Description

The HA5024 is a quad version of the popular Harris
HA5020. It features wide bandwidth and high slew rate, and
is optimized for video applications and gains between 1 and

4:1 video multiplexers to be implemented with a single IC.

The current feedback design allows the user to take advan-
tage of the amplifier’s bandwidth dependency on the feed-
back resistor. By reducing Rg, the bandwidth can be
increased to compensate for decreases at higher closed
loop gains or heavy output loads.

Ordering Information

PART TEMPERATURE
¢ Current to Voltage Converter NUMBER RANGE PACKAGE
¢ Medical Imagin
9ing HA50241P -40°C to +85°C 20 Lead Plastic DIP
* Radar and Imaging Systems
HA50241B -40°C to +85°C 20 Lead Plastic SOIC (W)
Pinout
HA5024
(PDIP, SOIC)
TOP VIEW
outt [0] 120] outs
ANt [2] q 19] -INa
+N1 [3] 18] +iN4
oist [3] 17] 5isa
ne [5] 18] nc
v+ [6] [15] v-
oisz [7] DIS3
+IN2 [B] [13] +ing
-N2 [9] (2] I3
out2 [i9 1] outs
CAUTION: These devices are sensitive to electrostatic discharge. Users should foliow proper IC Handling Procedures. File Number 3550_2

Copyright © Harris Corporation 1995
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Specifications HA5024

Absolute Maximum Ratings (Note 1) Operating Conditions

ESD Protection (Note 22). . ................ ... ... .. 2000V  Operating Temperature Range

Voltage Between V+and V-Terminals. ................... 36V HA50241. . ........... ... -40°C < Tp < +85°C
DCinputVoltage ............... ... ... .. +Vgyppy Supply VoltageRange........................... +4.5V to +15V
Differential InputVoltage ................... ... ... ..., 10V Storage Temperature Range.............. -65°C < Tp < +150°C
Output Current (Note 2) . ............... Short Circuit Protected ~ Thermal Package Characteristics (°C/W) A
Junction Temperature (Note 19). . .................... +175°C PlaStC DIP . . o oo oo e e e 75
Junction Temperature (Plastic Package) (Note 19) ....... +150°C SOIC 20
Lead Temperature (Soldering 10s).................... £300°C Tttt

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications V+ =45V, V- = -5V, Rg = 1kQ, Ay = +1, R = 4009, C < 10pF,
Unless Otherwise Specified

(NOTE 12) HA50241
TEST
PARAMETER LEVEL TEMPERATURE MIN I TYP l MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage (Vo) A +25°C - 0.8 3 mv
A Full - - 5 mV
Delta Vo Between Channels A Full - 1.2 35 mV
Average Input Offset Voltage Drift B Full - 5 - e
V)0 Common Mode Rejection Ratio (Note 3) A +25°C 53 - - dB
A Full 50 - - dB
V|0 Power Supply Rejection Ratio (Note 4) A +25°C 60 - - dB
A Full 55 - - dB
Input Common Mode Range (Note 3) A Full 2.5 - - \
Non-Inverting Input (+IN) Current A +25°C - 3 8 HA
A Full - - 20 uA
+IN Common Mode Rejection (Note 3) A +25°C - - 0.15 pAN
(+lgomr = 7= ) A Fal B : 05 | AV
+IN Power Supply Rejection (Note 4) A +25°C - - 0.1 HAN
A Full - - 0.3 nANV
Inverting Input (-IN) Current A +25°C,+85°C - 4 12 pA
A -40°C - 10 30 A
Delta -IN BIAS Current Between Channels A +25°C,+85°C - 6 15 HA
A -40°C - 10 30 A
-IN Common Mode Rejection (Note 3) A +25°C - - 0.4 HAN
A Full - - 1.0 HAN
-IN Power Supply Rejection (Note 4) A +25°C - - 0.2 HAN
A Full - - 0.5 HAN
Input Noise Voltage (f = 1kHz) B +25°C - 45 - nVAHz
+Input Noise Current (f = 1kHz) B +25°C - 2.5 - pANHZ
-Input Noise Current (f = 1kHz) B +25°C - 25.0 - pANHz
TRANSFER CHARACTERISTICS
Transimpedence (Note 21) A +25°C 1.0 - - MQ
A Full 0.85 - - MQ
Open Loop DC Voltage Gain, R = 400Q, Voyt =+2.5V 25A +25°C 70 - - dB
A Full 65 - - dB
Open Loop DC Voltage Gain, R = 100Q, Voyt = 2.5V A +25°C 50 - - dB
A Full 45 - - dB
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Specifications HA5024

Electrical Specifications V+ = +5V, V- = -5V, R = 1kQ, A, = +1, R_ = 4009, C, < 10pF,
Unless Otherwise Specified (Continued)
(NOTE 12) HA50241
TEST
PARAMETER LEVEL TEMPERATURE MIN I TYP l MAX UNITS
OUTPUT CHARACTERISTICS
Output Voltage Swing, (Note 20) A +25°C +2.5 +3.0 - \
A Full +2.5 +3.0 - \
Output Current (Note 20) B Full +16.6 +20.0 - mA
Output Current (Short Circuit, Note13) A Full +40 +60 - mA
Output Current (Disabled, Notes 5, 14) A Full - - 2 pA
Output Disable Time (Note15) B +25°C - 40 - us
Output Enable Time (Note 16) B +25°C - 40 - ns
Output Capacitance (Disabled, Notes 5, 17) B +25°C - 15 - pF m
POWER SUPPLY CHARACTERISTICS r
Supply Voltage Range A +25°C 5 - 15 v § 2
Quiescent Supply Current A Full - 7.5 10 mA/Op o w
|| EE
Supply Current, Disabled (Note 5) A Full - 5 7.5 mA/Op E %
Amp o<
Disable Pin Input Current (Note 5) A Full - 1.0 1.5 mA °
Minimum Pin 8 Current to Disable (Note 6) A Full 350 - - pA
Maximum Pin 8 Current to Enable (Note 7) A Full - - 20 pA
AC CHARACTERISTICS (Ay = +1)
Slew Rate (Note 8) B +25°C 275 350 - Vius
Full Power Bandwidth (Note 9) B +25°C 22 28 - MHz
Rise Time (Note 10) B +25°C - 6 - ns
Fall Time (Note 10) B +25°C - 6 - ns
Propagation Delay (Note 10) B +25°C - 6 - ns
Overshoot B +25°C - 45 - %
-3dB Bandwidth (Note 11) B +25°C - 125 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 75 - ns
AC CHARACTERISTICS (Ay = +2, Rg = 681Q)
Slew Rate (Note 8) B +25°C - 475 - Vius
Full Power Bandwidth (Note 9) B +25°C - 26 - MHz
Rise Time (Note 10) B +25°C - 6 - ns
Fall Time (Note 10) B +25°C - 6 - ns
Propagation Delay (Note 10) B +25°C - 6 - ns
Overshoot B +25°C - 12 - %
-3dB Bandwidth (Note 11) B +25°C - 95 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 100 - ns
Gain Flatness 5MHz B +25°C - 0.02 - dB
20MHz B +25°C - 0.07 - dB
AC CHARACTERISTICS (Ay = +10, Rg = 383Q)
Slew Rate (Note 8) B +25°C 350 475 - Vius
Full Power Bandwidth (Note 9) B +25°C 28 38 - MHz
Rise Time (Note 10) B +25°C - 8 - ns
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Specifications HA5024

Electrical Specifications V+=+5V, V- = -5V, Rg = 1kQ, Ay = +1, R__ = 4009, C, < 10pF,

Unlgss Otherwise Specified (Continued)

(NOTE 12) HA50241
TEST
PARAMETER LEVEL TEMPERATURE MIN TYP MAX UNITS
Fall Time (Note 10) B +25°C - 9 - ns
Propagation Delay (Note 10) B +25°C - 9 - ns
Overshoot B +25°C - 1.8 - %
-3dB Bandwidth (Note 11) B +25°C - 65 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 75 - ns
Settling Time to 0.1%, 2V Output Step B +25°C - 130 - ns
VIDEO CHARACTERISTICS
Differential Gain (Notes 18, 20) B +25°C - © 0.03 - %
Differential Phase (Notes 18, 20) B +25°C - 0.03 - Degrees

NOTES:

1.

o o bW

10.
1.
12
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.

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

. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty

cycle) output current should not exceed 15mA for maximum reliability.

. Vom = 12.5V. At -40°C Product is tested at Vg = +2.25V because short test duration does not allow self heating.

. £3.5V S Vg <46.5V.

. Disable = OV.

. Ry =100Q, V|y = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output

is considered disabled when -10mV < Vgt < +10mV.

. VN =0V. This is the maximum current that can be pulled out of the Disable pin with the HA5024 remaining enabled. The HA5024 is con-

sidered disabled when the supply current has decreased by at least 0.5mA.

. Vour switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points.

Slew Rate
' YPEAK
2mVpEak

Ry = 100Q, Voyt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay.
RL = 4009, VOUT =100mV.

A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only.

Vin=%2.5V, Voyr = 0V.

Vour =25V, V| =0V. .

V) = +2V, Disable = +5V to OV. Measured from the 50% point of Disable to Vot = OV.

Vi = +2V, Disable = 0V to +5V. Measured from the 50% point of Disable to Voyr = 2V.

VN = 0V, Force Vgt from OV to £2.5V, tg = tz = 50ns.

Measured with a VM700A video tester using an NTC-7 composite VITS.

Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below
+150°C for plastic packages. See Applications Information section for safe operating area information.

R =150Q.
Vour=125V. At-40°C Product is tested at Vot = +2.25V because short test duration does not allow self heating.
ESD Protection is for human body model tested per MIL-STD-883, Method 3015.7.

FPBW =
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Schematic
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HA5024

Test Circuits
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<
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1 >
NETWORK | 350 1
ANALYZER | 9 [
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] ]
- - - - d

FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS

Vour
pDUT RL
Vin Vour 400Q
50Q R
1000
= Rg, 1K —_
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT

TR son

sev 1 | 20

FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE
Vertical Scale: Vi = 100mV/Div., Vgoyt = 100mV/Div. Vertical Scale: Vjy = 1V/Div., Vgyt = 1V/Div.
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div.
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HA5024

Application Information
Optimum Feedback Resistor

The plots of inverting and non-inverting frequency response,
see Figure 11 and Figure 12 in the Typical Performance
Curves section, illustrate the performance of the HA5024 in
various closed loop gain configurations. Although the band-
width dependency on closed loop gain isn't as severe as that
of a voltage feedback amplifier, there can be an appreciable
decrease in bandwidth at higher gains. This decrease may
be minimized by taking advantage of the current feedback
amplifier's unique relationship between bandwidth and R
All current feedback amplifiers require a feedback resistor,
even for unity gain applications, and Rg, in conjunction with
the internal compensation capacitor, sets the dominant pole
of the frequency response. Thus, the amplifier's bandwidth is
inversely proportional to Rg. The HA5024 design is opti-
mized for a 1000Q Rg at a gain of +1. Decreasing Rg in a
unity gain application decreases stability, resulting in exces-
sive peaking and overshoot. At higher gains the amplifier is
more stable, so Rg can be decreased in a trade-off of stabil-
ity for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth.

GAIN BANDWIDTH
(Acu) Re (Q) (MHz)
-1 750 100
+1 1000 125
+2 681 95
+5 1000 52
+10 383 65
-10 750 22
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resistors
and chip capacitors is strongly recommended. If leaded
components are used the leads must be kept short espe-
cially for the power supply decoupling components and
those components connected to the inverting input.

Attention must be given to decoupling the power supplies. A
large value (10uF) tantalum or electrolytic capacitor in paral-
lel with a small value (0.1uF) chip capacitor works well in
most cases.

A ground plane is strongly recommended to control noise.
Care must also be taken to minimize the capacitance to
ground seen by the amplifier’s inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. It is
recommended that the ground plane be removed under
traces connected to -IN, and that connections to -IN be kept
as short as possible to minimize the capacitance from this
node to ground.

Driving Capacitive Loads

Capacitive loads will degrade the amplifier's phase margin
resulting in frequency response peaking and possible oscil-
lations. In most cases the oscillation can be avoided by plac-
ing an isolation resistor (R) in series with the output as

shown in Figure 6.
T—o Vour
I

FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION
RESISTOR, R

The selection criteria for the isolation resister is highly
dependent on the load, but 27Q has been determined to be
a good starting value.

Power Dissipation Considerations

Due to the high supply current inherent in quad amplifiers,
care must be taken to insure that the maximum junction tem-
perature (T; see Absolute Maximum Ratings) is not
exceeded. Figure 7 shows the maximum ambient tempera-
ture versus supply voltage for the available package styles
(Plastic DIP, SOIC). At +5Vpc quiescent operation both
package styles may be operated over the full industrial range
of -40°C to +85°C. It is recommended that thermal calcula-
tions, which take into account output power, be performed by
the designer.

130
w
5 12
S
& 110 N
8
P-DIP

E 100
i
@ 90 =
E A
3 NN
» 80 N
<
s

70 soic 'Qs\

60

50

5 7 9 1 13 15
SUPPLY VOLTAGE (+V)

FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE
vs SUPPLY VOLTAGE

Enable/Disable Function

When enabled the amplifier functions as a normal current
feedback amplifier with all of the data in the electrical specifi-
cations table being valid and applicable. When disabled the
amplifier output assumes a true high impedance state and
the supply current is reduced significantly.

2-73

OPERATIONAL
AMPLIFIERS




HA5024

The circuit shown in Figure 8 is a simplified schematic of the
enable/disable function. The large value resistors in series
with the DISABLE pin makes it appear as a current source to
the driver. When the driver pulls this pin low current flows out
of the pin and into the driver. This current, which may be as
large as 350uA when external circuit and process variables
are at their extremes, is required to insure that point “A”
achieves the proper potential to disable the output.The driver
must have the compliance and capability of sinking all of this
current.

When Vg is +5V the DISABLE pin may be driven with a
dedicated TTL gate. The maximum low level output voltage
of the TTL gate, 0.4V, has enough compliance to insure that
the amplifier will always be disabled even though D1 wili not
turn on, and the TTL gate will sink enough current to keep
point “A” at its proper voltage. When V¢ is greater than +5V
the DISABLE pin should be driven with an open collector
device that has a breakdown rating greater than Vgc.

Referring to Figure 8, it can be seen that R6 will act as a pull-
up resistor to +V if the DISABLE pin is left open. In those
cases where the enable/disable function is not required on
all circuits some circuits can be permanently enabled by let-
ting the DISABLE pin float. If a driver is used to set the
enable/disable level, be sure that the driver does not sink
more than 20puA when the DISABLE pin is at a high level.
TTL gates, especially CMOS versions, do not violate this cri-
teria so it is permissible to control the enable/disable func-
tion with TTL.

+Vcc
3 S R10 R33
p-
QP18
R7 > R8
15K ———0 A
o—MA—4 QP3

ENABLE/DISABLE INPUT

FIGURE 8. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE
FUNCTION

Four Channel Video Multiplexer

Referring to the amplifier U1A in Figure 9, R1 terminates the
cable in its characteristic impedance of 75Q, and R4 back
terminates the cable in its characteristic impedance. The
amplifier is set up in a gain configuration of +2 to yield an
overall network gain of +1 when driving a double terminated
cable. The value of R3 can be changed if a different network
gain is desired. R5 holds the disable pin at ground thus
inhibiting the amplifier until the switch, S1, is thrown to posi-
tion 1. At position 1 the switch pulls the disable pin up to the
plus supply rail thereby enabling the amplifier. Since all of
the actual signal switching takes place within the amplifier,
it's differential gain and phase parameters, which are 0.03%
and 0.03 degrees respectively, determine the circuit's perfor-
mance. The other three circuits, U1B through U1D, operate
in a similar manner.

When the plus supply rail is 5V the disable pin can be driven
by a dedicated TTL gate as discussed eatlier. If a multiplexer

IC or its equivalent is used to select channels its logic must
be break before make. When these conditions are satisfied
the HA5024IP is often used as a remote video multiplexer,
and the multiplexer may be extended by adding more ampli-
fier ICs.

Low Impedance Multiplexer

Two common problems surface when you try to multiplex
multiple high speed signals into a low impedance source
such as an A/D converter. The first problem is the low source
impedance which tends to make amplifiers oscillate and
causes gain errors. The second problem is the multiplexer
which supplies no gain, introduces all kinds of distortion and
limits the frequency response. Using op amps which have an
enable/disable function, such as the HA5024, eliminates the
multiplexer problems because the external mux chip is not
needed, and the HA5024 can drive low impedance (large
capacitance) loads if a series isolation resistor is used.

VIDEO
INPUT 3 Ll

# TN

VIDEO OUTPUT
TO 75Q LOAD

R10
2000

R
681

R17 R20
681 2000

1. Ut is HA5024IP

2. All resistors in Q

3. S1is break before make
4. Use ground plane

FIGURE 9. FOUR CHANNEL VIDEO MULTIPLEXER
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Referring to Figure 10, both inputs are terminated in their
characteristic impedance; 75Q is typical for video applica-
tions. Since the drivers usually are terminated in their charac-
teristic impedance the input gain is 0.5, thus the amplifiers, U2,
are configured in a gain of +2 to set the circuit gain equal to
one. Resistors R2 and R3 determine the amplifier gain, and if a
different gain is desired R2 should be changed according to the
equation G = (1 + R3/R2). R3 sets the frequency response of
the amplifier so you should refer to the manufacturers data
sheet before changing it's value. R5, C1 and D1 are an asym-
metrical charge/discharge time circuit which configures U1 as a
break before make switch to prevent both amplifiers from being
active simultaneously. If this design is extended to more chan-

nels the drive logic must be designed to be break before
make. R4 is enclosed in the feedback loop of the amplifier so
that the large open loop amplifier gain of U2 will present the
load with a small closed loop output impedance while keep-
ing the ampilifier stable for all values of load capacitance.

The circuit shown in Figure 10 was tested for the full range of
capacitor values with no oscillations being observed; thus,
problem one has been solved.The frequency and gain char-
acteristics of the circuit are now those of the amplifier indepen-
dent of any multiplexing action; thus, problem two has been
solved. The multiplexer transition time is approximately 15us
with the component values shown.

R3A
INPUT B o ’ RIA ‘3‘32.
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Typical Performance Curves Vgepy =5V, Ay = +1, Rg = 1k@, Ry = 400Q, Ty = 25°C,
Unless Otherwise Specified
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Typical Performance CUrves vgyppy = #5V, Ay = +1, Rg = 1kQ, Ry = 4009, T = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgpp .y =5V, A, = +1, Rg = 1kQ, Ry = 400Q, T, = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgpp,y =15V, A, = +1, Rg = 1kQ, R_ = 4000, T = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgpp .y =5V, A, = +1, Rg = 1kQ, R = 4009, T4 = 25°C,
Unless Otherwise Specified (Continued)

BIAS CURRENT (uA)

Icc (MA)

SUPPLY CURRENT (mA)

22

n
o

A

/

~—

16
-60 -40 -20 0

+20 +40 +60 +80 +100 +120 +140
TEMPERATURE (°C)

FIGURE 31. -INPUT BIAS CURRENT vs TEMPERATURE

25 l |
+125°C
20 |- N ]
+55°C
\ 41
15 / =
— —
-
-~
-
+25°C

5
3 4 5 6 7 8 9 10 11 12 13 14 15
SUPPLY VOLTAGE (+V)

FIGURE 33. SUPPLY CURRENT vs SUPPLY VOLTAGE

40

sol— .sv +10V +15V
1] /( /,

20

L ~ L /
10 ™ . ™S ]

) e d

0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DISABLE INPUT VOLTAGE (V)

FIGURE 35. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE

TRANSIMPEDANCE (kQ)

REJECTION RATIO (dB)

OUTPUT SWING (V)

4000
_r
v
3000 7
d
V1
2000 /
Ve
1000 /

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140

TEMPERATURE (°C)

FIGURE 32. TRANSIMPEDANCE vs TEMPERATURE

74 I
72 S +PSRR
" | ‘\
68 \‘
-PSRRN
~
66 —
Ty
64
~]
62 ke d
60 CMRR o
l I~
58
100  -50 0 450  +100  +150  +200 4250
TEMPERATURE (°C)

FIGURE 34. REJECTION RATIO vs TEMPERATURE

4.0

pd

///
-

7

-60 -40 -20 0

+20 +40 +60
TEMPERATURE (°C)

+80 +100 +120 +140

FIGURE 36. OUTPUT SWING vs TEMPERATURE

2-79

OPERATIONAL
AMPLIFIERS




HA5024

Typical Performance Curves vgppy =5V, Ay = +1, Rg = 1kQ, R = 4000, T, = 25°C,
Unless Otherwise Specified (Continued)
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Typical Performance Curves vgpp,y =5V, A, = +1, Rg = 1kQ, Ry = 4009, T4 = 25°C,
Unless Otherwise Specified (Continued)
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Die Characteristics

DIE DIMENSIONS:
2680um x 2600um x 483um +25.4um

METALLIZATION:
Type: Metal 1: AlCu (1%), Metal 2: AICu (1%)
Thickness: Metal 1: 8kA +0.4kA, Metal 2: 16KkA + 0.8kA

WORST CASE CURHENT DENSITY:
2.0 x 10% A/cm? at 50mA

SUBSTRATE POTENTIAL (POWERED UP): V-

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.4kA

TRANSISTOR COUNT: 248
PROCESS: High Frequency Bipolar Dielectric Isolation

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

Metallization Mask Layout
HA5024

-IN1 ouT1 ouT4 -IN4

F.\EE\EE“

n) — =1 1
-‘L"-meh-ﬁ hm—.—_ ,MML

T T’y T,

i L ﬁrﬂﬂé% rﬁé’iﬂ‘m

+IN4

+IN3
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D HARRIS HA5025

Quad 125MHz Video

July 1995 Current Feedback Amplifier
Features Description
¢ Wide Unity Gain Bandwidth ............... 125MHz  The HA5025 is a wide bandwidth high slew rate quad ampli-
fier optimized for video applications and gains between 1
* SlewRate..............ccoeniniiannny 475Vius and 10. It is a current feedback amplifier and thus yields less
o InputOffsetVoltage..........ccuuvueennnnnn 800uV bandwidth degradation at high closed loop gains than volt-
feedback amplifiers.
« Differential GaiN.............ccoeeeeuennns. 0.03% 29°'eecbackampli
5 . The low differential gain and phase, 0.1dB gain flatness, and
* Differential Phase. ....................... 0.03Deg ijity to drive two back terminated 75Q cables, make this
« Supply Current (per Amplifier)............... 7.5mA  amplifier ideal for demanding video applications.
o ESD Protection. .. .voveveeeenseseeennnenens 4000V The current feedback design allows the user to take advan-
tage of the amplifier's bandwidth dependency on the feed-
¢ Guaranteed Specifications at +5V Supplies back resistor.
; ; The performance of the HA5025 is very similar to the popu-
Ap P lications lar Harris HA-5020.
¢ Video Gain Block -
¢ Video Distribution Amplifier/ RGB Amplifier Ordering Information
* Flash A/D Driver PART TEMPERATURE
¢ Current to Voltage Converter NUMBER RANGE PACKAGE
* Medical Imaging HA50251P -40°C to +85°C | 14 Lead Plastic DIP
¢ Radar and Imaging Systems HA5025IB -40°C to +85°C | 14 Lead Plastic SOIC (N)
¢ Video Switching and Routing
Pinout
HA5025
(PDIP, SOIC)
TOP VIEW
7
outt [A] fi4] outa
-INt 2] 13] -INa
+INt 3] 12] +IN4
v+ 2] [11] v-
+IN2 [5] [10] +IN3
-IN2 [€] 9] -IN3
our2 [7] 8] outs
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3591 2

Copyright © Harris Corporation 1995 2.83
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Specifications HA5025

Absolute Maximum Ratings (Note 1)

ESD Protection(Note 15). . .......................... 2000V
Voltage Between V+ and V-Terminals. . . ................. 36V
DCinputVoltage ............. ... ..o, *VsuppLy
Differential Input Voltage ................. .. ... . .. 10V
Output Current (Note 2) . ............... Short Circuit Protected
Junction Temperature (Note 12)...................... +175°C
Junction Temperature (Plastic Package) (Note 12) ....... +150°C
Lead Temperature (Soldering 10s).................... +300°C

(SOIC - Lead Tips Only)

Operating Conditions
Operating Temperature Range

HA50251. ... -40°C < Tp < +85°C
Supply Voltage Range. .......................... +4.5V to +15V
Storage Temperature Range. .. ........... -65°C < Tp < +150°C
Thermal Package Characteristics (°C/W) 05a

Plastic DIP. . ... .o 100

SOIC . . 120

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vi = +5V, V- = -5V, Rg = 1kQ, Ay =

Unless Otherwise Specified

+1, R_ = 4009, C, < 10pF,

(NOTE 16) HA5025!1
TEST
PAHAMETER LEVEL TEMPERATURE MINT TYP I MAX UNITS

INPUT CHARACTERISTICS
Input Offset Voltage (Vo) A +25°C - 0.8 3 mVv

A Full - - 5 mV
Delta Vo Between Channels A Full - 1.2 35 mv
Average Input Offset Voltage Drift B Full - 5 - nv/ree
V|0 Common Mode Rejection Ratio (Note 3) A +25°C 53 - - dB

A Full 50 - - dB
Vo Power Supply Rejection Ratio (Note 4) A +25°C 60 - - dB

A Full 55 - - dB
Input Common Mode Range (Note 3) A Full +2.5 - - \
Non-Inverting Input (+IN) Current A +25°C - 3 8 nA

A Full - - 20 pA
+IN Common Mode Rejection (Note 3) A +25°C - - 0.15 RAN
(+lscmr = m) A Full - - 05 HAN
+IN Power Supply Rejection (Note 4) A +25°C - - 0.1 pAN

A Full - - 0.3 HAN
Inverting Input (-IN) Current A +25°C, +85°C - 4 12 HA

A -40°C - 10 30 pA
Delta - IN BIAS Current Between Channels A +25°C, +85°C - 6 15 HA

A -40°C - 10 30 HA
-IN Common Mode Rejection (Note 3) A +25°C - - 0.4 uAN

A Full - - 1.0 pAN
-IN Power Supply Rejection (Note 4) A +25°C - - 0.2 HAN

A Full - - 05 pAN
Input Noise Voltage (f = 1kHz) B +25°C - 45 - nVAHz
+Input Noise Current (f = 1kHz) B +25°C - 25 - pANHZ
-Input Noise Current (f = 1kHz) B +25°C - 25.0 - pANHz
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Specifications HA5025

Electrical Specifications V+ = +5V, V-= -5V, Rg = 1kQ, Ay = +1, R = 4009, C__ < 10pF,
Unless Otherwise Specified (Continued)

(NOTE 16) HAS5025!
TEST
PARAMETER LEVEL TEMPERATURE MIN I TYP I MAX UNITS

TRANSFER CHARACTERISTICS
Transimpedance (Note 14) A +25°C 1.0 - - MQ

A Full 0.85 - - MQ
Open Loop DC Voltage Gain, R, = 400Q, Vo1 = +2.5V A +25°C 70 - - dB

A Full 65 - - dB
Open Loop DC Voltage Gain, R = 100Q, Voyr = +2.5V A +25°C 50 - - dB

A Full 45 - - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 13) A +25°C +2.5 +3.0 -

A Full +25 +3.0 - \
Output Current (Note 13) B Full +16.6 +20.0 - mA
Output Current (Short Circuit, Note 10) A Full +40 +60 - mA
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range A +25°C 5 - 15 Vv
Quiescent Supply Current A Full - 75 10 mA/Op

Amp

AC CHARACTERISTICS (Ay = +1)
Slew Rate (Note 5) B +25°C 275 350 - Vius
Full Power Bandwidth (Note 6) B +25°C 22 28 - MHz
Rise Time (Note 7) B +25°C - 6 ns
Fall Time (Note 7) B +25°C - 6 - ns
Propagation Delay (Note 7) B +25°C - 6 - ns
Overshoot B +25°C - 45 - %
-3dB Bandwidth (Note 8) B +25°C - 125 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 75 - ns
AC CHARACTERISTICS (Ay = +2, Rg = 681Q)
Slew Rate (Note 5) B +25°C - 475 - Vlus
Full Power Bandwidth (Note 6) B +25°C - 26 - MHz
Rise Time (Note 7) B +25°C - 6 - ns
Fall Time (Note 7) B +25°C - 6 - ns
Propagation Delay (Note 7) B +25°C - 6 - ns
Overshoot B +25°C - 12 - %
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Specifications HA5025

Electrical Specifications V+ = +5V, V-= -5V, Rg = 1kQ, Ay = +1, R = 4009, C_ < 10pF,

Unless Otherwise Specified (Continued)

(NOTE 16) HAS50251
TEST
PARAMETER LEVEL TEMPERATURE MIN TYP MAX UNITS

-3dB Bandwidth (Note 8) B +25°C - 95 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 50 - ns
Settling Time to 0.25%, 2V Output Step B +25°C - 100 - ns
Gain Flatness 5MHz B +25°C - 0.02 - dB

20MHz B +25°C - 0.07 - dB
AC CHARACTERISTICS (Ay = +10, Rg = 383Q)
Slew Rate (Note 5) B +25°C 350 475 - Vius
Full Power Bandwidth (Note 6) B +25°C 28 38 - MHz
Rise Time (Note 7) B +25°C - 8 - ns
Fall Time (Note 7) B +25°C - 9 - ns
Propagation Delay (Note 7) B +25°C - 9 - ns
Overshoot B +25°C - 1.8 - %
-3dB Bandwidth (Note 8) B +25°C - 65 - MHz
Settling Time to 1%, 2V Output Step B +25°C - 75 - ns
Settling Time to 0.1%, 2V Output Step B +25°C - 130 - ns
VIDEO CHARACTERISTICS
Differential Gain (Notes 11, 13) B +25°C - 0.03 - %
Differential Phase (Notes 11, 13) . B +25°C - 0.03 - Degrees

NOTES:

1.

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

. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty
cycle) output current should not exceed 15mA for maximum reliability.

. Vom =+2.5V. At -40°C Product is tested at Vyy = +2.25V because Short Test Duration does not allow self heating.
. #3.5V s Vg < 6.5V .

. Vour switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points.

2811312‘?; _i; VpeaK = 2")

. RL=100Q, VoyT = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay.
. RL = 4000, VOUT =100mV.

. A. Production Tested; B. Guaranteed Limit or Typical based on characterization; C. Design Typical for information only.

. ViN=%£2.5V, Voyr = 0V.

. Measured with a VM700A video tester using an NTC-7 composite VITS.

. Maximum power dissipation, including output load, must be designed to maintain junction temperature below +175°C for die, and below
+150°C for plastic packages. See Applications Information section for safe operating area information.

. R =150Q.

. Vout =+2.5V. At -40°C Product is tested at Vot = +2.25V because Short Test Duration does not allow self heating.

. ESD protection is for human body model tested per MIL-STD-883, Method 3015.7.

. A. Production Tested; B. Guaranteed limit or Typical based on characterization; C. Design Typical for information only.

) 2( FPBW =
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Schematic
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Test Circuits

1
]
Ll
1
1
a
|

HP4195
NETWORK
ANALYZER

PR

FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS

Vour
puUT Ry
Vin Vour 4000
50Q RL —
100Q
= Rg, 1K =
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT

L R T i P se
FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE
Vertical Scale: V) = 100mV/Div., Voyt = 100mV/Div. Vertical Scale: Viy = 1V/Div., Voyr = 1V/Div.
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div.
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HA5025

Application Information
Optimum Feedback Resistor

The plots of inverting and non-inverting frequency response,
see Figure 8 and Figure 9 in the typical performance section,
illustrate the performance of the HA5025 in various closed loop
gain configurations. Although the bandwidth dependency on
closed loop gain isn't as severe as that of a voltage feedback
amplifier, there can be an appreciable decrease in bandwidth at
higher gains. This decrease may be minimized by taking
advantage of the current feedback amplifier’s unique relation-
ship between bandwidth and Rg. All current feedback amplifiers
require a feedback resistor, even for unity gain applications, and
Rg, in conjunction with the interal compensation capacitor,
sets the dominant pole of the frequency response. Thus, the
amplifier's bandwidth is inversely proportional to Rg. The
HA5025 design is optimized for a 1000Q Rg at a gain of +1.
Decreasing Rg in a unity gain application decreases stability,
resulting in excessive peaking and overshoot. At higher gains
the amplifier is more stable, so Rg can be decreased in a trade-
off of stability for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth.

GAIN BANDWIDTH
(AcL) Re () (MHz)
-1 750 100
+1 1000 125
+2 681 95
+5 1000 52
+10 383 65
-10 750 22
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resistors
and chip capacitors is strongly recommended. If leaded
components are used the leads must be kept short espe-
cially for the power supply decoupling components and
those components connected to the inverting input.

Attention must be given to decoupling the power supplies. A
large value (10pF) tantalum or electrolytic capacitor in paral-
lel with a small value (0.1uF) chip capacitor works well in
most cases.

A ground plane is strongly recommended to control noise.
Care must also be taken to minimize the capacitance to
ground seen by the amplifier’s inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. It is recom-
mended that the ground plane be removed under traces con-
nected to -IN, and that connections to -IN be kept as short as
possible to minimize the capacitance from this node to
ground.

Driving Capacitive Loads

Capacitive loads will degrade the amplifier's phase margin
resulting in frequency response peaking and possible oscil-
lations. In most cases the oscillation can be avoided by plac-
ing an isolation resistor (R) in series with the output as
shown in Figure 6.

) I

R

Vin

FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION
RESISTOR, R

The selection criteria for the isolation resistor is highly
dependent on the load, but 27Q has been determined to be
a good starting value.

Power Dissipation Considerations

Due to the high supply current inherent in quad amplifiers,
care must be taken to insure that the maximum junction tem-
perature (T;, see Absolute Maximum Ratings) is not
exceeded. Figure 7 shows the maximum ambient tempera-
ture versus supply voltage for the available package styles
(Plastic DIP, SOIC). At +5Vp quiescent operation both
package styles may be operated over the full industrial
range of -40°C to +85°C. It is recommended that thermal
calculations, which take into account output power, be per-
formed by the designer.

130
o 120
= 110
g 100 }—F\
Ty X

5 o Ny P-DIP
o
§ 80 .
w
E :: soic T~
4 50 N
m
s o s
< N
% 30 AN
< ‘\
= 20

10

5 7 9 1 13 15

SUPPLY VOLTAGE (V)

FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE
vs SUPPLY VOLTAGE
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HA5025

Typical Performance Curves vgpp,y =15V, A, = +1, Re = 1kQ, R = 400, Tp = 25°C,
Unless Otherwise Specified

——r T ——r—rt
Vour =0.2Vp.p A Vour =0.2Vp.p
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FIGURE 8. NON-INVERTING FREQUENCY RESPONSE FIGURE 9. INVERTING FREQUENCY RESPONSE
140 — T
- [ TTTTH Vour=02Vpp
& o U Ay=+1, Re =1k *180 CL=10pF ]
g -45 asl g \ Ay=+1 _
X N
8 o RN 90 & E I~
e Ay =-1, Rp = 750Q NN w z
@ 135 Ay = +10, R¢'= 38303 \ +45 g e /] [~
£ 100 o 2 Z 120 -3dB BANDWIDTH 104
F4 T
$ 225 45 5 0= \\ @
£ 270 %0 E -] g
u Ay =10, Rg = 750Q & 3 7 53
Z 315 135 & ~ w
5 Vour = 0.2Vp. z s z
2 360} O oF P -180 GAIN PEAKING 3
L =10p g ]
1 Ll 111 1 1 I - o
2 10 100 200 500 700 900 1100 1300 1500
FREQUENCY (MHz) FEEDBACK RESISTOR (Q)
FIGURE 10. PHASE RESPONSE AS A FUNCTION OF FIGURE 11. BANDWIDTH AND GAIN PEAKING vs FEEDBACK
FREQUENCY RESISTANCE
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FIGURE 12, BANDWIDTH AND GAIN PEAKING vs FEEDBACK
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FIGURE 13. BANDWIDTH AND GAIN PEAKING vs LOAD
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Typical Performance Curves vgppy =5V, Ay = +1, Rg = 1kQ, R|_ = 4000, Tp = 25°C,
Unless Otherwise Specified (Continued)

80 T T 16 T 11
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FIGURE 14. BANDWIDTH vs FEEDBACK RESISTANCE FIGURE 15. SMALL SIGNAL OVERSHOOT vs LOAD
RESISTANCE
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FIGURE 16. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE FIGURE 17. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE
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FIGURE 18. DISTORTION vs FREQUENCY

FIGURE 19. REJECTION RATIOS vs FREQUENCY
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HA5025

Typical Performance Curves vg;ppy =5V, A, =

+1, Re = 1kQ, R = 400Q, Ty = 25°C,

Unless Otherwise Specified (Continued)
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FIGURE 20. PROPAGATION DELAY vs TEMPERATURE FIGURE 21. PROPAGATION DELAY vs SUPPLY VOLTAGE
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FIGURE 24. INVERTING GAIN FLATNESS vs FREQUENCY

FIGURE 25. INPUT NOISE CHARACTERISTICS
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Typical Performance CUrves Vs ppy =5V, A, = +1, Re = 1kQ, R = 400Q, T, = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 26. INPUT OFFSET VOLTAGE vs TEMPERATURE
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FIGURE 28. -INPUT BIAS CURRENT vs TEMPERATURE

25
I
+125°C
= A
20 +55°C \ »
< \ 1
E "
o 15
K
|t
—
|
T
10 \
+25°C

5 . s
3 4 5 6 7 8 9 10 1M 12 13 14 15

SUPPLY VOLTAGE (+V)
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Typical Performance Curves vgyppy =5V, Ay = +1, Rg = 1kQ, Ry = 4000, T, = 25°C,
Unless Otherwise Specified (Continued)
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FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE
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Typical Performance CUrves vgppy = +5V, A = +1, Re = 1kQ, R = 400Q, Ty = 25°C,
Unless Otherwise Specified (Continued)
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Die Characteristics

DIE DIMENSIONS:
2680pm x 2600um x 483um +25.4um

METALLIZATION:
Type: Metal 1: AiCu (1%), Metal 2: AlCu (1%)
Thickness: Metal 1: 8kA iO.4kA, Metal 2: 16kA +0.8kA

WORST CASE CURRENT DENSITY:
2.0 x 105 A/cm? at 50mA

SUBSTRATE POTENTIAL (POWERED UP): V-

GLASSIVATION:
Type: Nitride
Thickness: 4kA 0.4kA

TRANSISTOR COUNT: 248
PROCESS: High Frequency Bipolar Dielectric Isolation
DIE ATTACH:

Material: Epoxy - Plastic DIP and SOIC

Metallization Mask Layout
HA5025

IN1
ouT1
ouT4

+IN1

V+

+IN2

IN2
wT2
T3

-IN4

+IN4
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@D HARRIS HFA1102

Ultra High-Speed Current Feedback

July 1995 Ampilifier with Compensation Pin

Features Description

 Compensation Pin for Bandwidth Limiting The HFA1102 is a high speed wideband current feedback

. . . amplifier featuring a compensation pin for bandwidth limiting.

Low Distortion (30MHz). .............onvene -56dBe Built with Harris’ proprietary complementary bipolar UHF-1

e 3dBBandwidth......................... 600MHz process, it has excellent AC performance and low distortion.

* VeryFastSlewRate..................... 2000V/us Because the HFA1102 is already unity gain stable, the

. . o primary purpose for limiting the bandwidth is to reduce the

* Fast Settling Time (0.1%) .................... s otal noise (broadband) of the circuit. The bandwidth of the

« Excellent Gain Flatness HFA1102 may be limited by connecting a capacitor and

“ (10OMHZ) ... +0.05dB Series damping resistor from pin 8 to ground. Typical

bandwidths for various values of compensation capacitors

T (BOMHz). +0.02dB are shown in the Electrical Specifications section of this
“@OMHZ). ... $0.01dB  gatasheet.
* High OutputCurrent ....................... 60MA A variety of packages and temperature grades are available.
o OVerdrive RECOVENY. . ......ueuerernennnnnn. <1ons See the ordering information below for details.
Applications Ordering Information
¢ Video Switching and Routing OPERATING PRODUCT
« Pulse and Video Amplifiers PART NUMBER TEMP RANGE DESCRIPTION
409 0
« Wideband Amplifiers HFA11021J 40°C to +85°C | 8 Lead CerDIP
HFA1102IP -40°C to +85°C | 8 Lead Plastic DIP
* RF/IF Signal Processing or gad ase
3 HFA1102B -40°C to +85°C | 8 Lead Plastic SOIC (N)
¢ Flash A/D Driver
HFA1102Y -40°C to +85°C | Die
* Medical Imaging Systems
Pinout The Op Amps with Fastest Edges
HFA1102
(PDIP, CERDIP, SOIC)
TOP VIEW :
INPUT
220MHz
~ SIGNAL
ne [0 8] comp
a 7] [7] v+
+IN E (6] out OUTPUT
(Ay=2)
v- 4] El NC HFA1102
OP AMP
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3597.1

Copyright © Hams C tion 1995
pyngl arns Corporation 2-97
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Specifications HFA1102

Absolute Maximum Ratings

Voltage Between V+and V- . .............. ..., 12v
DClinputVoltage ..............cooiiii.., VsuppLy
Differential Input Voltage ............... ... ... ... ... .. 5V
Output Current (50% Duty Cycle). ...................... 60mA
Junction Temperature (Ceramic and Die)............... +175°C
Junction Temperature (Plastic Package) ............... +150°C
Lead Temperature (Soldering 10s).................... -+300°C

(SOIC - Lead Tips Only)

Operating Conditions
Operating Temperature Range

HFA1102l. .. ... -40°C < T, < +85°C
Storage Temperature Range. .............. -65°C < Tp < +150°C
Thermal Package Characteristics (°C/W) .. 04a 8yc

CerDIPPackage ................... 116 36

Plastic DIP Package ................ 130 N/A

SOICPackage...........ooovvuunnn 170 N/A

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppy = 5V, Ay = +1, Rg = 510Q, R = 1002, Ccomp = OpF,

Unless Otherwise Specified

HFA1102|
PARAMETER TEMP MIN l TYP r MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage +25°C - 2 6 mVv
Full - - 10 mV
Input Offset Voltage Drift Full - 10 - wvrec
Vo CMRR (AVgy = £2V) +25°C 40 46 - dB
Full 38 - - dB
Vi PSRR (AVg = +1.25V) +25°C 45 50 - dB
Full 42 - dB
Non-Inv. Input Bias Current (+IN = 0V) +25°C - 25 40 A
Full - - 65 uA
+lgjag Drift Full - 40 - nAPC
+lg1as CMS (AVgy = £2V) +25°C - 20 40 uANV
Full - - 50 PAN
Inv. Input Bias Current (-IN = 0V) +25°C - 12 50 HA
Full - - 60 HA
-Igiag Drift Full - 40 - nAPC
-Igias CMS (AVy = £2V) +25°C . 1 7 pAN
Full - - 10 uAN
-Igias PSS (AVg = +1.25V) +25°C - 6 15 uAN
v Full - - 27 RAN
Non-Inv. Input Resistance +25°C 25 50 - kQ
Inv. Input Resistance +25°C - 16 30 Q
Input Capacitance (either input) +25°C - 2 - pF
Input Common Mode Range Full 25 +3.0 - \
Input Noise Voltage (100kHz) +25°C - 4 - nVAHz
+Input Noise Current (100kHz) +25°C - 18 - pANHZ
-Input Noise Current (100kHz) +25°C - 21 - pANHz

TRANSFER CHARACTERISTICS Ay = +1, Re = 1509, Rpamp = 1202, Unless Otherwise Specified

Open Loop Transimpedance

1 +25°C | - r 500 T kQ
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Specifications HFA1102

Electrical Specifications Vgyppy = 15V, Ay = +1, Rg = 510Q, R_ = 1002, Ccomp = OpF,

Unless Otherwise Specified (Continued)

HFA1102|
PARAMETER TEMP MIN TYP MAX UNITS
Linear Phase Deviation (DC to 100MHz) +25°C - 0.6 - Degrees
Differential Gain (NTSC, R, = 75Q) +25°C - 0.03 - %
Differential Phase (NTSC, R = 75Q) +25°C - 0.03 - Degrees
Minimum Stable Gain Full 1 - - VN
Bandwidth Limiting Characteristics
-3dB Bandwidth (Voyr = 0.2Vp.p, Ay = +1) Cooue = 00F L25% ) 600 ) MHz
Ccomp = 1pF +25°C - 350 MHz
Ccomp = 3pF +25°C - 190 - MHz
Ccome = 7pF +25°C - 55 - MHz
Gain Flatness (to 30MHz)
Ccowmp = OpF +25°C . £0.01 - ds
Ccomp = 1pF +25°C - 40.05 - dB
Ccowmp = 3pF +25°C - £0.10 - dB
Gain Flatness (to 100MHz) +25°C - +0.05 - dB
Gain Flatness (to 50MHz) +25°C - +0.02 - dB
OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified
Output Voltage (Ay = -1) +25°C +3.0 +3.3 -
Full +2.5 +3.0 -
Output Current (R = 50Q, Ay =-1) +25°C 50 65 - mA
Full 40 60 - mA
DC Closed Loop Output Impedance +25°C - 0.1 - Q
2nd Harmonic Distortion (30MHz, Voyt = 2Vp_p) +25°C - -56 - dBc
3rd Harmonic Distortion (30MHz, Voyt = 2Vp.p) +25°C - -80 - dBc
3rd Order Intercept (100MHz) +25°C - 30 - dBm
1dB Compression (100MHz) +25°C - 20 - dBm
TRANSIENT RESPONSE Ay = +1, Rg = 150Q, Rpamp = 12022, Unless Otherwise Specified
Rise Time (Vout = 2.0V Step) +25°C - 600 - ps
Overshoot (Voyr = 2.0V Step) +25°C - 10 - %
Slew Rate (Ay = +1, Vour = 5Vp.p) +25°C - 1200 - Vius
Slew Rate (Ay = +2, Voyt = 5Vp.p) +25°C - 2000 - Vius
0.1% Settling (Voyt = 2V to 0V) +25°C - 11 - ns
0.2% Settling (Voyt = 2V to 0V) +25°C - 7 - ns
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range Full +4.5 - +5.5 Vv
Supply Current +25°C - 21 26 mA
Full - - 33 mA
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HFA1102

Applications Information
Optimum Feedback Resistor (Rg)

All current feedback amplifiers require a feedback resistor,
even for unity gain applications. The Rg, in conjunction with
the internal compensation capacitor, sets the dominant pole
of the frequency response. Thus, the amplifier's bandwidth is
inversely proportional to Rg. The HFA1102 design is
optimized for a 150Q R, at a gain of +1. Decreasing Rg in a
unity gain application decreases stability, leading to
excessive peaking and overshoot. At higher gains the
amplifier is more stable, so Rg can be decreased in a
tradeoff of bandwidth vs. stability.

Bandwidth Limiting

The bandwidth of the HFA1102 may be limited by connecting
aresistor (Rpamp) and capacitor in series from pin 8 to GND.
The series resister is required to damp the interaction
between the package parasitics and Cgomp. Typical
bandwidths for various values of compensation capacitor are
shown in the specification tables. Because the HFA1102 is
already unity gain stable, the main reason for limiting the
bandwidth is to reduce the total noise (broadband) of the
circuit. Additionally, compensating the HFA1102 allows the
use of a lower value Rg for a given gain. The decreased
bandwidth due to Ccopmp offsets the bandwidth increase
from the lower Rg, keeping the amplifier stable. Reducing Rg
provides the double benefits of reduced DC errors (-Ig x Rg)
and reduced total noise (ini x Rg and 4KTRE).

PC Board Layout

The frequency performance of this amplifier depends a great
deal on the amount of care taken in designing the PC board.
The use of low inductance components such as chip
resistors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10uF) tantalum in parallel with a smalil value
chip (0.1uF) capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Output capacitance, such as
that resulting from an improperly terminated transmission
line will degrade the frequency response of the amplifier and
may cause oscillations. In most cases, the oscillation can be
avoided by placing a resistor in series with the output.

Care must also be taken to minimize the capacitance to
ground seen by the amplifier’s inverting input. The larger this
capacitance, the worse the gain peaking, resulting in pulse
overshoot and possible instability. To this end, it is
recommended that the ground plane be removed under
traces connected to pin 2, and connections to pin 2 should
be kept as short as possible.

An example of a good high frequency layout is the
Evaluation Board shown.

Evaluation Board

The HFA1102 may be evaluated using the HFA1130
Evaluation Board which is available from your local sales
office. Rpamp and Ccomp should be connected in series
from the socket pin to the GND plane. The trace from pin 8
to the Vi connector should be cut near the socket to remove
this parallel capacitance. The layout and schematic of the
board are shown below:

5000 5000
Vh
v £3
E E— 0.1uF 10pF
500 2 7 ———I—I—a 5
7H 500 *
IN 3 [6}——AMW—o OUT
; F—— v
10uFzs 0.14F; JDGND
VUi oD
TOP LAYOUT

BOTTOM LAYOUT
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Die Characteristics

DIE DIMENSIONS:
63 mils x 44 mils x 19 mils £1mil
1600um x 1130um +25.4um

METALLIZATION:
Type: Metal 1: AICu (2%)/TiWType: Metal 2: AlCu (2%)
Thickness: Metal 1: 8kA £0.4kAThickness: Metal 2: 16kA 20.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA +0.5kA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

WORST CASE CURRENT DENSITY:
0.909 x 105A/cm?

TRANSISTOR COUNT: 52
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1102

+IN

ey —E

compP

-
»
1

L 50070R06

ouT

T Output Clamping Function (Vy, V| ) is available to users of the HFA1102 in die form. Please refer to the HFA1130 data sheet for infomation
regarding the operation and use of this function.
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@D HaRRIS HFA1103

~ Video Op Amp with
July 1995 High Speed Sync Stripper
Features Description
* Removes Sync Signal From Component Video The HFA1103 is a high-speed, wideband, fast settling
. current feedback op amp with a sync stripping function. The
* LowResidual Sync .................... 8mv (Typ) HFA1103 is a basic op amp with a modified output stage that
e -3dBBandwidth......................... 200MHz enables it to strip the sync from a component video signal.
The output stage has an open emitter NPN transistor that
e Very FastSlewRate............. eeraaes 600V/us prevents the output from going low during the sync pulse.
« Fast Settling Time (0.1%) .......... e gns Removing the sync signal benefits digitizing systems
because only the active video information is applied to the
* Excellent Gain Flatness, 32MHz .............. $0.1dB A/p converter. This enables the full dynamic range of the
e Overdrive ReCOVErY. . ......ovuvennrnennnnnn <12ns A/D converter to be used to process the video signal. The
HFA1103 includes inverting input bias current adjust pins
A ppIi cations (pins 1 and 5) for adjusting the output offset voltage.
* RGB Video Sync Stripping Ordering Information
* RGB Video Distribution Amplifier for Workstations
and PC Networks PART TEMPERATURE
NUMBER RANGE PACKAGE
¢ Video Conferencing Systems
.40° 0y -
« RGB Video Monitor Preamp HFA1103IP 40°C to +85°C 8 Lead Plastic DIP
« Fiberoptic Receivers ' HFA11031B -40°C to +85°C | 8 Lead Plastic SOIC (N)
¢ HDTV
Pinout Sync Stripper Waveforms
HFA1103 '
(PDIP, SOIC) ‘
TOP VIEW
010 +0.7V . ( . Io to +0.7V
0t0-0.3V ‘I_r/-/\r
COMPONENT (RGB) HFA1103 OUTPUT
VIDEO INPUT
Application Schematic

+5V

<

< 47K
<

HFA1103 E;
<

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 39571
Copyright © Harris Corporation 1995 2.102



Specifications HFA1103

Absolute Maximum Ratings

Voltage Between V+and V-....... .. ... ... ... .....
InputVoltage. ............ ... i i
Differential Input Voltage ..........................
Output Current (50% Duty Cycle). . .....................
Junction Temperature (Plastic Package) ...............
Lead Temperature (Soldering 10s). . ..................

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

Operating Conditions

12V Thermal Resistance 8Ja
VsuppLy Plastic DIP Package ........................ .. 130°C/W
5V SOICPACKAGe. . ..\ veeieee e i 170°C/W
60mA  HFAT103l ... ... i -40°C < T < +85°C
+150°C  Storage Temperature Range. ............. -65°C < Tp < +150°C

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppy = 25V, Ay = +2, Re = 750Q, R = 50, Unless Otherwise Specified

HFA1103I
PARAMETER TEMP MIN I TYP r MAX UNITS
DC CHARACTERISTICS
Residual Sync (Vg = -300mV, Ay = +1, Note 2) +25°C - 8 10 mV
Full - - 12 mV
Output Offset Voltage (Notes 3, 5) +25°C - 10 30 mvV
Full - - 40 mV
Output Offset Voltage Drift (Note 3) Full B 10 - uv/ec
Vos PSRR (AVg = +1.25V) +25°C 39 45 - dB
Full 35 - - dB
Non-Inverting Input Bias Current (+IN = 0V) +25°C - 5 40 pA
Full - - 65 HA
Inverting Input Bias Current (-IN = 0V) +25°C - 5 50 HA
Full - - 60 pA
-lgias Adjust Range (Notes 1, 4) +25°C 100 200 - nA
Non-Inverting Input Resistance +25°C 25 50 - kQ
Inverting Input Resistance +25°C - 16 30 Q
Input Capacitance (Either Input) +25°C - 2 - pF
Input Common Mode Range Full 25 +3.0 - Vv
Input Noise Voltage (100kHz) +25°C - 4 - nVAHz
+Input Noise Current (100kHz) +25°C - 18 - pANHZ
-Input Noise Current (100kHz) +25°C - 21 - pANHz
TRANSFER CHARACTERISTICS Ay = +2, Unless Otherwise Specified
Open Loop Transimpedance +25°C - 500 - kQ
-3dB Bandwidth (Voyt = 1.0Vp.p, Ay = +2) +25°C - 200 - MHz
Gain Flatness (To £0.1dB) +25°C - 32 - MHz
Minimum Stable Gain Full 1 - - VN
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Specifications HFA1103

Electrical Specifications Vgyppy = £5V, Ay = +2, Re = 750Q, R__= 509, Unless Otherwise Specified (Continued)

HFA11031
PARAMETER TEMP MIN | TYP I MAX UNITS

OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified
Output Voltage +25°C, 25 3.0 - \%

+85°C

-40°C 1.75 25 - \
Output Current +25°C, 50 60 - mA

+85°C

-40°C 35 50 - mA
Linearity Near Zero +25°C - 0.01 - %
TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified
Rise Time (Voyt = 2.0V Step) +25°C - 2 - ns
Overshoot (Voyr = 2.0V Step) +25°C - 10 - %
Slew Rate (Ay = +2, Vot =010 2V, +2V t0 0) +25°C - 600 . Vips
0.1% Settling (Voyrt = 2V to 0V) +25°C - 9 - ns
Overdrive Recovery Time (2X Overdrive) +25°C - 12 - ns
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range Full +4.5 - +5.5 \"
Supply Current (No Load) +25°C - 11 16 mA

Full - - 23 mA
.NOTES:

1. This is the minimum change in inverting input bias current when a BAL pin is connected to V- through a 50Q resistor.
2. The residual sync is specified at the output of a doubly terminated circuit (see page 1 of this data sheet).

3. Since the HFA1103 has an open emitter NPN output stage, this measurement is only valid for positive values.

4. The -Igjas current can be used to adjust the offset voitage to zero, but -igj4g does not flow bidirectionally because the HFA1103 output

stage is an open emitter NPN transistor.
5. Vog includes the error contribution of Iggy at Rg = 750Q.

Test Circuit
out
Vin A
p——0 Vour

R AN

% Rag 10 SR

103 " s

- = L

FIGURE 1. TEST CIRCUIT
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Application Information
Offset Adjustment

The HFA1103 allows for adjustment of the inverting input
bias current to null the output offset voltage. -Igjag flows
through Rg, so any change in bias current forces a
corresponding change in output voltage. The amount of
adjustment is a function of Rg. With Rg = 7509, the typical
adjust range is 150mV. For offset adjustment connect a
10kQ potentiometer between pins 1 and 5 with the wiper
connected to V-.

PC Board Layout

The frequency performance of these amplifiers depends a
great deal on the amount of care taken in designing the PC
board. The use of low inductance components such as
chip resistors and chip capacitors is strongly recom-
mended, while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
chip (0.1pF) capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Output capacitance, such as
that resulting from an improperly terminated transmission
line will degrade the frequency response of the amplifier and
may cause oscillations. In most cases, the oscillation can be
avoided by placing a resistor in series with the output.

Care must also be taken to minimize the capacitance to
ground seen by the amplifier’s inverting input. The larger this
capacitance, the worse the gain peaking, resulting in pulse
overshoot and possible instability. To this end, it is
recommended that the ground plane be removed under
traces connected to pin 2, and connections to pin 2 should
be kept as short as possible.

An example of a good high frequency layout is the
Evaluation Board shown.

Evaluation Board

The HFA1100 series evaluation board may be used for the
HFA1103 with minor modifications. The evaluation board
may be ordered using part number HFA11XXEVAL. Please
note that an HFA1103 sample is not included with the evalu-
ation board and must be ordered separately.

The layout and schematic of the board are shown below:

500Q 5000
Vu
v i1
@ Og o‘mFT Tqu
50Q 2 (7] o—a—]+5V
— | so
IN 3 [€]——\W—o ouT
1 [F—o v,

10uF 25 0.1pF: &—DGND
$ g 5V GND

FIGURE 2. EVALUATION BOARD SCHEMATIC

TOP LAYOUT

BOTTOM LAYOUT

FIGURE 3. EVALUATION BOARD ARTWORK
Applications Circuits

A circuit which performs the sync stripper and DC restore
functions is shown on the next page in Figure 4. Please
reference Harris Application Note AN9514, titled “Video
Amplifier with Sync Stripper and DC Restore”, for details on
this circuit.

The standard output of a VM700 video measurement set is
shown in Figure 5. The output, after passing through the
Applications Schematic shown on the first page of this data
sheet, is shown in Figure 6.
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HFA1103

TO SYNC IC1a + IC1b = CA5260 DUAL AMP
SEPARATOR +5V IC2 = 74HC4053 SWITCH
S 1C3 = HFA1103 VIDEO OP AMP
CONTROL R3 RY R8
| 10K 750 S.f’K
AA ANMA
IC1a _[ R2$ ov VWA WA +5Vpe
10KS R6
M o 1 Ngcib 750 R11
R1 < ic2 :
1K >
c1 )
Vin o— | 0.14F RIS Rs 272 F
oPT. w2 ok L
FIGURE 4. VIDEO AMPLIFIER WITH SYNC STRIPPER AND DC RESTORE
voLTS JIRE:FLT {
———3— 100.0 r—
06 ]
3
04
] 500
02
00 4 o0
-0.2
-50.0 _]
e e mms— e S
-40. -30.0 20,0 -10.0 0.0 10.0
525LINENTSC  MICROSECONDS

FIGURE 5. OUTPUT OF VM700 VIDEO MEASUREMENT SET

VOLTS  JIRE:FLT
100.0 ]
06 ] ]
04
02 ]
]
00 3
02 3
3 ]
i -500
R L L M T T
-40.0 -30.0 -20.0 -10.0 0.0 10.0
525 LINENTSC  MICROSECONDS

FIGURE 6. OUTPUT OF HFA1103 SYNC STRIPPER CONFIGURED AS ON THE FIRST PAGE OF THIS DATA SHEET
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Metallization Topology

DIE DIMENSIONS:
63 mils x 44 mils x 19 mils +1 mil
1600pm x 1130um +25.4um

METALLIZATION:
Type: Metal 1: AICu (2%)/TiW Type: Metal 2: AICu (2%)
Thickness: Metal1: 8kA +0.4kA Thickness: 16kA +0.8
GLASSIVATION:
Type: Nitride

Thickness: 4kA +0.5kA

WORST CASE CURRENT DENSITY:
2.12 x 10% A/cm? at 50mA

TRANSISTOR COUNT: 50

SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1103

BAL NC

OPERATIONAL
AMPLIFIERS

00 y1n 22¢
-IN V+
0 ..Elg'lll
=TT l
Jl
+IN ouT

o
—t
a
o
~
o
o
n

[

V- NC BAL

2-107



%HARRIS

SEMICONDUCTOR

HFA1105

High-Speed, Low Power,

July 1995 Current Feedback Video Operational Amplifier
Features Description
e LowSupplyCurrent.............cccevuunnn 5.8mA The HFA1105 is a high speed, low power current feedback

High Input Impedance...............
Wide -3dB Bandwidth ...............
Very FastSlewRate.................
Gain Flatness (to 75MHz) ............

DifferentialGain....................

Differential Phase. ................... 0.03 Degrees  phase specifications. The HFA1105 is ideal for interfacing to

Pin Compatible Upgrade for CLC406

Applications

Flash A/D Drivers

Video Switching and Routing
Professional Video Processing
Video Digitizing Boards/Systems

Multimedia Systems

"""" M2 . process.
330MHz This amplifier features an excellent combination of low
1000V/us power dissipation (58mW) and high performance. The slew
rate, bandwidth, and low output impedance (0.08Q2) make
""" 0.1dB this amplifier a good choice for driving Flash ADCs. Compo-
______ 0.02% hent and composite video systems also benefit from this op

amplifier built with Harris’ proprietary complementary bipolar

amp’s excellent gain flatness, and good differential gain and

Harris’ line of video crosspoint switches (HA4201, HA4600,
HA4314, HA4404, HA4344), to create high performance, low
power switchers and routers.

The HFA1105 is a low power, high performance upgrade for
the CLC406. For a comparable amplifier with output disable
or output limiting functions, please see the data sheets for
the HFA1145 and HFA1135 respectively.

For Military grade product, please refer to the HFA1145/883
data sheet.

+ RGB Preamps Ordering Information
¢ Medical Imaging TEMPERATURE
« Hand Held and Miniaturized RF Equipment PART NUMBER RANGE PACKAGE
« Battery Powered Communications HFA1105IP -40°C to +85°C | 8 Lead Plastic DIP
HFA1105IB -40°C to +85°C 8 Lead Plastic SOIC (N)
Pinout
HFA1105
(PDIP, SOIC)
TOP VIEW
\J
ne [{] oS
N [2] 7] v+
+IN [3] 6] our
v- [4] 5] NC
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper iC Handling Procedures. File Number 3395_4

Copyright © Harris Corporation 1995
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Specifications HFA1105

Absolute Maximum Ratings

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

Output Current (Note 2) . ... ...

Junction Temperature (Die Only) ........
Junction Temperature (Plastic Package)
ESDRating..................oon
Lead Temperature (Soldering, 10s) ......

(SOIC - Lead Tips Only)

...60mA < 50% Duty Cycle
............. +175°C

Operating Conditions

................ 11V Operating Temperature Range ... .......... -40°C < T, < +85°C
............. VguppLy Storage Temperature Range. .. ............-65°C < T, <+150°C
................ Thermal Package Characteristics (°C/W) 04a

. ... Short Circuit Protected Plastic DIP Package .......................... 130
44444 30mA Continuous SOICPAckage. . ... .ooviieie i 170

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgypp y =5V, Ay = +1, R = 510, R, = 1002, Unless Otherwise Specified

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE | MIN lTYP 1 MAX | UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 1%
A Full - 3 8 mV
Average Input Offset Voltage Drift B Full - 1 10 uv/ree
Input Offset Voltage AVppm =+1.8V A +25°C 47 50 - dB
Common-Mode Rejection Ratio
AVepy=+1.8V A +85°C 45 48 - dB
AVpy=+1.2V A -40°C 45 48 - dB
Input Offset Voltage AVpg =+1.8V A +25°C 50 54 - dB
Power Supply Rejection Ratio
AVpg = +1.8V A +85°C 47 50 - dB
AVpg=+1.2V A -40°C 47 50 - dB
Non-Inverting Input Bias Current A +25°C - 6 15 HA
A Full - 10 25 pA
Non-inverting Input Bias Current Drift B Full - 5 60 nA°C
Non-Inverting Input Bias Current AVpg =+1.8V A +25°C - 0.5 1 RAN
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 0.8 3 HAN
AVpg =+1.2V A -40°C - 0.8 3 HAN
Non-Inverting Input Resistance AVcy = 1.8V A +25°C 0.8 1.2 - MQ
AVey =+1.8V A +85°C 0.5 0.8 - MQ
AVgy =+1.2V A -40°C 0.5 0.8 - MQ
Inverting Input Bias Current A +25°C - 2 7.5 pA
A Full - 5 15 pA
Inverting Input Bias Current Drift B Full - 60 200 nA/°C
Inverting Input Bias Current AVigy =+1.8V A +25°C - 3 6 pAN
Common-Mode Sensitivity
AVgy =+1.8V A +85°C - 4 8 RAN
AVey =+1.2V A -40°C - 4 8 HAN
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Specifications HFA1105

Electrical Specifications Vgyppry =25V, Ay = +1, Re = 510Q, R, = 1000, Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE | MIN | TYP | MAX | UNITS
Inverting Input Bias Current AVpg =+1.8V A +25°C - 2 5 pAN
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 4 8 nANV
AVpg =12V A -40°C - 4 8 HANV
Inverting Input Resistance (o} +25°C - 60 - Q
Input Capacitance (either input) (o] +25°C - 1.6 - pF
Input Voltage Corﬁmon Mode Range A +25°C, +85°C +1.8 | 24 - \
(Implied by Vio CMRR, +Ry, and -igjag CMS tests) A 20 2 | 217 - v
Input Noise Voltage Density (f = 100kHz) B +25°C - 35 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz) B +25°C - 25 - pANHZ
Inverting Input Noise Current Density (f = 100kHz) B +25°C - 20 - pANHZ
TRANSFER CHARACTERISTICS
Open Loop Transimpedance Gain (Ay = -1) 1 C I +25°C - 500 - | kQ
AC CHARACTERISTICS  Rg = 5109, Unless Otherwise Specified
-3dB Bandwidth Ay =+1, +Rg =510Q B +25°C - 270 - MHz
Vour = 0:2Vp.p, Note ) B Ful I Y R T
Ay =-1, Rg = 425Q B +25°C - 300 - MHz
Ay =+2 B +25°C - 330 - MHz
B Full - 260 - MHz
Ay = +10, Re = 180Q B +25°C - 130 - MHz
B Full - 90 - MHz
Full Power Bandwidth Ay = +1, +Rg =510Q B +25°C - 135 - MHz
(=St sty - 1. e e o
_ Ay =+2 B +25°C - 115 - MHz
Gain Flatness to 25MHz B +25°C - +0.03 - dB
(Ay = +2, Voyt = 0.2Vp._p, Note 5) 5 P - 000 - ™
to 75MHz B +25°C - +0.11 - dB
B Full - 10.22 - dB
Gain Flatness to 25MHz B +25°C - +0.03 - dB
m: ;)1’ +Rs = 5100, Vour = 0:2Ve.r. to 75MHz B +25°C - 000 | - dB
Minimum Stable gain A Full - 1 - VN
OUTPUT CHARACTERISTICS Ay = +2, Rg = 510Q Unless Otherwise Specified
Output Voltage Swing A +25°C 3 3.4 - \Y
(Ay = -1, R = 100Q, Note 5) A - Y = - v
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Specifications HFA1105

Electrical Specifications Vgyppy = £5V, Ay = +1, Rg = 510Q, R, = 1009, Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE MIN | TYP | MAX | UNITS
Output Current (Ay = -1, R_ = 50Q, Note 5) A +25°C, +85°C 50 60 - mA
A -40°C 28 42 - mA
Output Short Circuit Current B +25°C - 90 - mA
DC Closed Loop Output Impedance (Note 5) B +25°C - 0.08 - Q
Second Harmonic Distortion 10MHz B +25°C - -48 - dBc
Vour = 2Vp.p. Note 5) 20MHz B +25°C ] aa |- dBc
Third Harmonic Distortion 10MHz B +25°C -50 - dBc
Vour =2Vp-p. Note ) 20MHz B +25°C -1 as |- dBe
Reverse Isolation (30MHz, Note 5) B +25°C - -55 - dB
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 5109, Unless Otherwise Specified
Rise and Fall Times (Voyt = 0.5Vp_p) B +25°C - 1.1 - ns
B Full - 1.4 - ns
Overshoot (Note 3) +0S B +25°C - 3 - %
(Vour =010 0.5V, V}y tgisg = 1ns) o5 5 25°0 - 5 : ”
Overshoot (Note 3) +0S B +25°C - 3 - %
(Vout = 0.5Vp.p, Vi trisg = 1ns) o5 5 72550 - T - ”
Slew Rate +SR B +25°C 1000 - Vius
(Vout = 4Vp.p, Ay = +1, +Rg = 510Q) 5 — - pr - Vi
-SR (Note 4) B +25°C - 650 - Vius
B Full - 580 - Vius
Slew Rate +SR B +25°C - 1400 - Vius
Vour = 5Ve-p Av=+2) B Full - 1200 | - Vins
-SR (Note 4) B +25°C - 800 - Vius
B Full - 700 - Vius
Slew Rate +SR B +25°C - 2100 - Vips
Vour =5Ve.p Av=-1) B Full = 1900 | - Vius
-SR (Note 4) B +25°C - 1000 - Vius
B Full - 900 - Vips
Settling Time To0.1% B +25°C - 15 - ns
(Vourt = +2V to OV step, Note 5)
To 0.05% B +25°C - 23 - ns
To 0.02% B +25°C - 30 - ns
Overdrive Recovery Time (V) = +2V) B +25°C - 8.5 - ns
VIDEO CHARACTERISTICS Ay = +2, Rg = 510Q, Unless Otherwise Specified
Differential Gain R, = 150Q B +25°C - 0.02 - %
(f = 3.58MHz)
R, =75Q B +25°C - loo3 | - %
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Specifications HFA1105

Electrical Specifications Vgyppy =15V, Ay = +1, Rg = 510Q, R, = 100Q, Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE | MIN | TYP | MAX | UNITS

Differential Phase RL = 150Q B +25°C - 0.03 - Degrees
(f = 3.58MHz)

R =75Q B +25°C - 0.05 Degrees
POWER SUPPLY CHARACTERISTICS
Power Supply Range +25°C +4.5 - 5.5 \'
Power Supply Current A +25°C - 5.8 6.1 mA

Full - 5.9 6.3 mA
NOTE:

1. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only.
2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle)

output current must not exceed 30mA for maximum reliability.

3. Undershoot dominates for output signal swings below GND (e.g. 0.5Vp.p), yielding a higher overshoot limit compared to the Voyt = 0 to
0.5V condition. See the “Application Information” section for details.

4. Slew rates are asymmetrical if the output swings below GND (e.g. a bipolar signal). Positive unipolar output signals have symmetric pos-
itive and negative slew rates comparable to the +SR specification. See the “Application Information” section, and the pulse response

graphs for details.
5. See Typical Performance Curves for more information.

Application Information
Optimum Feedback Resistor

Although a current feedback amplifier’s bandwidth depen-
dency on closed loop gain isn’t as severe as that of a voltage
feedback amplifier, there can be an appreciable decrease in
bandwidth at higher gains. This decrease may be minimized
by taking advantage of the current feedback amplifier’s
unique relationship between bandwidth and Rg. All current
feedback amplifiers require a feedback resistor, even for
unity gain applications, and Rg , in conjunction with the inter-
nal compensation capacitor, sets the dominant pole of the
frequency response. Thus, the amplifier's bandwidth is
inversely proportional to Rg. The HFA1105 design is opti-
mized for Rg=510Q at a gain of +2. Decreasing Rg
decreases stability, resulting in excessive peaking and over-
shoot (Note: Capacitive feedback will cause the same prob-
lems due to the feedback impedance decrease at higher
frequencies). At higher gains, however, the amplifier is more
stable so Rg can be decreased in a trade-off of stability for
bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth. For a gain of +1, a resis-
tor (+Rg) in series with +IN is required to reduce gain peak-
ing and increase stability.

GAIN BANDWIDTH
(AcL) Re (Q) (MHz)
-1 425 300
+1 510 (+Rg = 510Q) 270
+2 510 330
+5 200 300
+10 180 130

Non-inverting Input Source Impedance

For best operation, the DC source impedance seen by the
non-inverting input should be >50Q. This is especially impor-
tant in inverting gain configurations where the non-inverting
input would normally be connected directly to GND.

Pulse Undershoot and Asymmetrical Slew Rates

The HFA1105 utilizes a quasi-complementary output stage
to achieve high output current while minimizing quiescent
supply current. In this approach, a composite device
replaces the traditional PNP pulldown transistor. The com-
posite device switches modes after crossing 0V, resulting in
added distortion for signals swinging below ground, and an
increased undershoot on the negative portion of the output
waveform (See Figures 5, 8, and 11). This undershoot isn't
present for small bipolar signals, or large positive signals.
Another artifact of the composite device is asymmetrical
slew rates for output signals with a negative voltage compo-
nent. The slew rate degrades as the output signal crosses
through OV (See Figures 5, 8, and 11), resulting in a slower
overall negative slew rate. Positive only signals have sym-
metrical slew rates as illustrated in the large signal positive
pulse response graphs (See Figures 4, 7, and 10).

PC Board Layout

The amplifier’s frequency response depends greatly on the
care taken in designing the PC board. The use of low
inductance components such as chip resistors and chip
capacitors is strongly recommended, while a solid
ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10uF) tantalum in parallel with a small value
(0.1uF) chip capacitor works well in most cases.
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Terminated microstrip signal lines are recommended at the
device’s input and output connections. Capacitance, para-
sitic or planned, connected to the output must be minimized,
or isolated as discussed in the next section.

Care must also be taken to minimize the capacitance to
ground at the amplifier’s inverting input (-IN), as this capaci-
tance causes gain peaking, pulse overshoot, and if large
enough, instability. To reduce this capacitance, the designer
should remove the ground plane under traces connected to
-IN, and keep connections to -IN as short as possible.

An example of a good high frequency layout is the Evalua-
tion Board shown in Figure 2.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier's
phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C; combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a
point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C;_form a low pass network at the output, thus limiting
system bandwidth well below the amplifier bandwidth of
270MHz (for Ay = +1). By decreasing Rg as C| increases (as
illustrated in the curves), the maximum bandwidth is obtained
without sacrificing stability. In spite of this, the bandwidth
decreases as the load capacitance increases. For example, at
Ay =+1, Rg=62Q, C, = 40pF, the overall bandwidth is lim-
ited to 180MHz, and bandwidth drops to 75MHz at
Av =+1, Rs =8Q, CL = 400pF

H

B
o

[A]
o

A

8
.

[

SERIES OUTPUT RESISTANCE (Q)

50 100 150 200 250 300 350 400

LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs
LOAD CAPACITANCE

Evaluation Board

The performance of the HFA1105 may be evaluated using
the HFA11XX Evaluation Board.

The layout and schematic of the board are shown in Figure
2. To order evaluation boards (part number HFA11XXEVAL),
please contact your local sales office.

® |

FIGURE 2B. BOTTOM LAYOUT '

510 510

IN

0]
2
3
4

Vi
10uF 75 O-14F GND
6 $ -5V GND

FIGURE 2C. SCHEMATIC

FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT
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Die Characteristics

DIE DIMENSIONS:
59 x 59 x 19 £ 1mils
1500um x 1500pum x 483um + 25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AlCu(2%)
Thickness: Metal 1: 8kA +0.4kA  Thickness: Metal 2: 16kA + 0.8kA
GLASSIVATION:
Type: Nitride

Thickness: 4kA + 0.5kA
TRANSISTOR COUNT: 75
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1105

NC

V4

L_
;-‘J:

,

R

S
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Typical Performance Curves vg;ppy = 5V, Re = 510Q, Ty = +25°C, R_ = 1000, Unless Otherwise Specified

OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)

200
150
100
50

0
-50
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-150

-200

20
15
1.0

0.5

3.0
25
20

15
1.0
05
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05
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Ay = +1
[ +Rg =510Q
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[

20

15
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0
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FIGURE 3. SMALL SIGNAL PULSE RESPONSE

Sns/DIV

FIGURE 4. LARGE SIGNAL POSITIVE PULSE RESPONSE
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FIGURE 5. LARGE SIGNAL BIPOLAR PULSE RESPONSE
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FIGURE 7. LARGE SIGNAL POSITIVE PULSE RESPONSE

Ay =+1
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A\

/B

Sns/DIV
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FIGURE 6. SMALL SIGNAL PULSE RESPONSE

5ns/DIV

Av=+2T

5ns/DIV

FIGURE 8. LARGE SIGNAL BIPOLAR PULSE RESPONSE
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Typical Performance Curves VguppLy =15V, R =510Q, T = +25°C, R = 100L, Unless Otherwise Specified (Continued)

OUTPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)

NORMALIZED GAIN (dB)

200 T
Ay =+10

150 [ Rg=180Q
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50
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FIGURE 9. SMALL SIGNAL PULSE RESPONSE

20 .
Ay =+10 P
15 | Re=1800 g
4
1.0 : \ 3
05 I \
i AN
-05 \
1.0 I ‘\/
A5
2.0
5ns/DIV
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FIGURE 13. FREQUENCY RESPONSE
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Typical Performance CUrves Vg pp,y =15V, R = 5100, Ty = +25°C, R, = 1000, Unless Otherwise Specified (Continued)
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FIGURE 19. REVERSE ISOLATION FIGURE 20. OUTPUT IMPEDANCE
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Typical Performance CUrves vg,pp,y =5V, Re = 5109, Ty = +25°C, R, = 1000, Unless Otherwise Specified (Continued)
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FIGURE 25. INPUT NOISE CHARACTERISTICS
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High Speed, Low Power, Video Operational

HFA1106

June 1995 Amplifier with Compensation Pin
Features Description
* Compensation Pin for Bandwidth Limiting The HFA1106 is a high speed, low power current feedback
. g - . operational amplifier built with Harris’ proprietary comple-
|éower Lot :P-Lm Variability With External mentary bipolar UHF-1 process. This amplifier features a
ompensation compensation pin connected to the internal high impedance
¢ High Inputimpedance....................... 1MQ node, which allows for implementation of external clamping
. . . or bandwidth limiting.
e DifferentialGain................iiiivnnnnn 0.02%
5 . Bandwidth limiting is accomplished by connecting a capaci-
e Differential Phase. ...................... 0.05 Deg. tor (Ceomp) and series damping resistor (Rgomp) from pin 8
e Wide -3dB Bandwidth .................... 315MHz to ground. Amplifier performance for various values of
Ccowmp is documented in the Electrical Specifications.
e VeryFastSlewRate...................... 700V/us
The HFA1106 is ideal for noise critical wideband applica-
* LowSupply Current..............cvnnnnnn. 5.8MA  {ions. Not only can the bandwidth be limited to minimize
« Gain Flatness (t0 100MHz) . ................ +0.1dB  broadband noise, the HFA1106 is optimized for lower feed-
back resistors (Rg = 100Q for Ay = +2) than most current
. . feedback amplifiers. The low feedback resistor reduces the
Ap P lications inverting input noise current contribution to total output
« Noise Critical Applications noise, while reducing DC errors as well. Please see the
i “Application Information” section for details.
* Professional Video Processing
* Medical Imaging Ordering Information
¢ Video Digitizing Boards/Systems TEMPERATURE
« Radar/IF Processing PART NUMBER RANGE PACKAGE
+ Hand Held and Miniaturized RF Equipment HFA1106IP -40°C to +85°C | 8 Lead Plastic DIP
* Battery Powered Communications HFA11061B -40°C 10 +85°C | 8 Lead Plastic SOIC (N)
* Flash A/D Drivers
* Oscilloscopes and Analyzers
Pinout
HFA1106
(PDIP, SOIC)
TOP VIEW
\J
ne [4] EI comp
-~ 2] (7] v+
+N 3] %] out
v-[3] 5] NC

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1995
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Specifications HFA1106

Absolute Maximum Ratings Operating Conditions

Voltage Between V+and V-. .. ....... ..ottt 11V Operating Temperature Range . .. .......... -40°C < Tp < +85°C

DCInputVoltage ............covveininiiiiininnnnn VsuppLy . Storage Temperature Range. .............. -65°C < Tp < +150°C

Differential Input Voltage ............... ... ... .. ... 8V Package Thermal Characteristics CITY

OutputCurrent (Note 2) . ............... Short Circuit Protected PlasticDIPPackage ...........c.ccouinnnnn.. 130°C/W

30mA Continuous SOICPackage. .. .....ovviniiniieennnnnn. 170°C/W

60mA < 50% Duty Cycle

Junction Temperature. . .. .....coeueiinennienieennn. +175°C

Junction Temperature (Plastic Package) ............... +150°C

ESDRating. .........ooiiiiiiiiii >2000V

Lead Temperature (Soldering 10s).................... +300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgypp y = 25V, Ay = +1, Re = 510Q, Ccomp = OpF, R = 100Q
Unless Otherwise Specified

(NOTE 1) ALL GRADES
PARAMETER TEST LEVEL TEMP MIN | TYP | MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 mv
A Full - 3 8 mVv
Average Input Offset Voltage Drift B Full - 1 10 wvrec
Input Offset Voltage Common-Mode AVgy =118V A +25°C 47 50 - dB
Rejection Ratio AVom = £1.8Y A +85°C 45 48 - B
AVgy =11.2V A -40°C 45 48 - dB
Input Offset Voltage Power Supply AVpg =+1.8V A +25°C 50 54 - dB
Rejection Ratio AVpg = 1.8V A +85°C 47 50 - )
AVpg =11.2V A -40°C 47 50 - dB
Non-Inverting Input Bias Current A +25°C - 6 15 pA
A Full - 10 25 HA
Non-Inverting input Bias Current Drift B Full - 5 60 nA/°C
Non-Inverting Input Bias Current AVpg =+1.8V A +25°C - 0.5 1 HANV
Power Supply Sensitivity AVpg = +1.8V A +85°C N 0.8 3 Y
AVpg = 1.2V A -40°°C - 0.8 3 pAN
Non-Inverting Input Resistance AV =11.8V A +25°C 0.8 1.2 - MQ
AVgy =11.8V A +85°C 0.5 0.8 - MQ
AVgy =+1.2V A -40°C 0.5 0.8 - MQ
Inverting Input Bias Current A +25°C - 2 7.5 A
A Full - 5 15 pA
Inverting Input Bias Current Drift B Full - 60 200 nA/°C
Inverting Input Bias Current AVey =11.8V A +25°C - 3 6 HA/V
Common-Mode Sensitivity AVom = £1.8V A +85°C " 2 8 WAV
AV =11.2V A -40°C - 4 8 nA/V
Inverting Input Bias Current Power AVpg =+1.8V A +25°C - 2 5 uA/V
Supply Sensitivity AVpg = £1.8V A +85°C ; 4 8 WAV
AVpg = +1.2V A -40°C - 4 8 RA/V
Inverting Input Resistance (o] +25°C - 60 - Q
Input Capacitance (Either Input) C +25°C - 1.6 - pF
Input Voltage Common Mode Range A +25°C, +85°C | +1.8 +2.4 - v
(Implied by Vi CMRR, +Ryy, and -lgjag CMS Tests) A 40°C P 1.7 N v
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Specifications HFA1106

Electrical Specifications Vgyppiy = 5V, Ay = +1, Rp = 510Q, Comp = OpF, R, = 100Q
Unless Otherwise Specified (Continued)

2-121

(NOTE 1) ALL GRADES
PARAMETER TEST LEVEL TEMP MIN TYP MAX UNITS
Input Noise Voltage Density (f = 100kHz) B +25°C - 35 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz) B +25°C - 25 - pANHZ
Inverting Input Noise Current Density (f = 100kHz) B +25°C - 20 - pANHz
TRANSFER CHARACTERISTICS
Open Loop Transimpedance Gain (Ay = -1) c +25°C I - l 500 [ - kQ
AC CHARACTERISTICS Ay = +2, Rg = 100Q, Rgomp = 519, Unless Otherwise Specified
-3dB Bandwidth Cgc =0pF B +25°C 250 315 - MHz
(Av=+1, Rp = 150Q, Voyr = 0.2Vp.p) g 2508 B 725°C 10 | 170 MHz
C¢ = 5pF B +25°C 65 80 MHz E
-3dB Bandwidth Cc = 0pF B +25°C 185 245 - MHz
(Av =+2. Vour = 02Vp.p) Co= 2pF B +25°C 110 | 140 MHz 20
Cc =5pF B +25°C 55 70 - MHz g E
+0.1dB Flat Bandwidth Cc =0pF B +25°C 45 65 - MHz =W
(Av=+1, Rp = 150Q, Vour = 0.2Ve.p)  ~c "50F B +25°C 25 40 - MHz TE
Cc = 5pF B +25°C 13 17 - MHz g E
+0.1dB Flat Bandwidth Cc = 0pF B +25°C 60 100 - MHz
(Ay=+2,Vour =02Ve.p) Co=2pF B +25°C 15 30 - MHz
Cc = 5pF B +25°C 11 14 - MHz
Minimum Stable Gain A Full 1 - - VIV
OUTPUT CHARACTERISTICS Ay = +2, Rg = 100Q, Rcomp = 51Q, Unless Otherwise Specified
Output Voltage Swing (Ay = -1, Rg = 510Q) A +25°C +3 134 - Vv
A Full +2.8 +3 - \
Output Current (Ay = -1, R = 50Q, Rg = 510Q) A +25°C, +85°C 50 60 mA
A -40°C 28 42 - mA
DC Closed Loop Output Impedance B +25°C - 0.07 - Q
Output Short Circuit Current (Ay = -1) B +25°C - 90 - mA
Second Harmonic Distortion Cc = 0pF B +25°C -45 -53 - dBc
(10MHz, Vout = 2Ve.p) Co=2pF B +25°C 22 28 ; dBc
Cg = 5pF B +25°C -38 -44 - dBc
Third Harmonic Distortion Cc =0pF B +25°C -50 -57 dBc
(10MHz, Vot = 2Ve.p) Co=2pF B +25°C 48 | 56 dBe
Cc =5pF B +25°C -48 -56 - dBc
Second Harmonic Distortion Cc =0pF B +25°C -42 -46 - dBc
(20MHz, Vour = 2Vp.p) Co=2pF B +25°C 38 | 42 - dBe
Cc = 5pF B +25°C -34 -38 - dBc
Third Harmonic Distortion Cc =0pF B +25°C -46 -57 - dBc
(20MHz, Voyr = 2Ve.p) Co = 2pF B 725°C 52 | 57 - dBe
Cg = 5pF B +25°C -50 57 dBc



Specifications HFA1106

Electrical Specifications Vgyppy = £5V, Ay = +1, Rg = 510Q, Ceomp = OpF, R_ = 100Q

Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
PARAMETER TEST LEVEL TEMP MIN I TYP J MAX UNITS
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 1002, Rgomp = 51K, Unless Otherwise Specified
Rise and Fall Times Cc = OpF B +25°C - 2.6 29 ns
(Vour=0.5Vp.p, Ay = +1, Re=150Q) £ =5 0F B +25°C 37 42 P
Cc = 5pF B +25°C - 5.2 6.2 ns
Rise and Fall Times Cc = 0pF B +25°C - 27 3.2 ns
(Vour =0-5Vp.p, Ay = +2) Co=2pF B +25°C - 39 | 44 ns
Cc =5pF B +25°C - 5.9 6.9 ns
Overshoot (Note 3) Vout = 250mVp.p B +25°C - 15 4 %
(Av = +1, R = 1500, Viy taise = 2.518) ~y———oy— 5 50 - o =
Vour=0to 2V B +25°C - 75 %
Overshoot (Note 3) Vout =250mVp_p B +25°C - 5 %
(Av =42, ViN taise = 2.5n5) Vour = 2Vpp B +25°C - 6.5 12 %
Vour=0to 2V B +25°C - 25 75 %
Slew Rate +SR, Cc = 0pF B +25°C 580 680 - Vius
Vour=4Ve.p Ay=+1, Re=150Q)  —gp"5 —4oF B +25°C 400 | 545 N Vins
+SR, C¢ = 2pF B +25°C 470 530 - Vius
-SR, Cg = 2pF B +25°C 300 410 - Vius
+SR, Cg = 5pF B +25°C 320 365 - Vs
-SR, C¢ = 5pF B +25°C 200 300 - Vius
Slew Rate +SR, C¢ = OpF B +25°C 750 910 - Vius
(Vour = 5Vp.p. Ay = +2) "SR, Cg = OpF B +25°C 500 | 720 : Vins
+SR, Cc = 2pF B +25°C 550 730 - Vius
-SR, C¢ = 2pF B +25°C 350 520 - Vius
+SR, C¢ = 5pF B +25°C 380 485 - Vius
"SR, Cg = 5pF B +25°C 250 375 - Vigs
Settling Time T00.1% B +25°C - 26 35 ns
&:703;‘23’5‘:;;" Step, T 0.05% B +25°C - 3 43 ns
To 0.02% B +25°C - 49 75 ns
Overload Recovery Time (V) = +2V) B +25°C - 8.5 - ns
VIDEO CHARACTERISTICS Ay = +2, Rg = 100Q, Rgomp = 510, Unless Otherwise Specified
Differential Gain Cc =0pF B +25°C - 0.02 - %
(f = 3.58MHz, R_ = 150Q) Co=5pF B 2259 n 0.02 - %
Differential Phase Cc = 0pF B +25°C - 0.05 - Degrees
(f=23.58MHz, R, = 1500) Co=5pF B +25°C - 0.07 ~ | Degrees
POWER SUPPLY CHARACTERISTICS
Power Supply Range [o] +25°C +4.5 - +5.5 \
Power Supply Current A +25°C - 5.8 6.1 mA
A Full - 5.9 6.3 mA
NOTES:

1. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only.
2. Outputis short circuit protected to ground. Brief short circuits to ground will not degrade reliability; however, continuous (100% duty cycle)

output current must not exceed 30mA for maximum reliability.

3. Undershoot dominates for output signal swings below GND (e.g. 2Vp_p) yielding a higher overshoot limit compared to the Vgt = 0to 2V

condition.
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Application Information
Optimum Feedback Resistor

All current feedback amplifiers (CFAs) require a feedback
resistor (Rg) even for unity gain applications, and Rg in con-
junction with the internal compensation capacitor sets the
dominant pole of the frequency response. Thus the ampli-
fier's bandwidth is inversely proportional to Rg. The
HFA1106 design is optimized for Rg = 150Q2 at a gain of +1.
Decreasing Rg decreases stability resulting in excessive
peaking and overshoot - Note: Capacitive feedback causes
the same problems due to the feedback impedance
decrease at higher frequencies. At higher gains, however,
the amplifier is more stable, so Rg can be decreased in a
trade-off of stability for bandwidth (e.g. Rg=100Q for
AV = +2).

Why Use Externally Compensated Amplifiers?

Externally compensated op amps were originally developed
to allow operation at gains below the amplifier's minimum
stable gain. This enabled development of non-unity gain sta-
ble op amps with very high bandwidth and slew rates. Users
needing lower closed loop gains could stabilize the amplifier
with external compensation if the associated performance
decrease was tolerable.

With the advent of CFAs, unity gain stability and high perfor-
mance are no longer mutually exclusive, so why offer unity
gain stable op amps with compensation pins?

The main reason for external compensation is to allow users
to tailor the amplifier’s performance to their specific system
needs. Bandwidth can be limited to the exact value required,
thereby eliminating excess bandwidth and its associated
noise. A compensated op amp is also more predictable;
lower lot-to-lot variation requires less system overdesign to
cover process variability. Finally, access to the internal high
impedance node allows users to implement external output
limiting or allows for stabilizing the amplifier when driving
large capacitive loads.

Noise Advantages - Uncompensated

The HFA1106 delivers lower broadband noise even without
an external compensation capacitor. Package capacitance
present at the Comp pin stabilizes the op amp, so lower
value feedback resistors can be used. A smaller value Rg
minimizes the noise voltage contribution of the amplifier's
inverting input noise current - Iy x Rg, usually a large con-
tributor on CFAs - and minimizes the resistor’s thermal noise
contribution (4KTRE). Figure 1 details the HFA1105 broad-
band noise performance in its recommended configuration
of Ay=+2, and Rg=510Q. Adding a Comp pin to the
HFA1105 (thereby creating the HFA1106) yields the 23%
noise reduction shown in Figure 2. In both cases, the scope
bandwidth, 100MHz, limits the measurement range to pre-
vent amplifier bandwidth differences from affecting the
results.

Re = 510Q

FIGURE 2. HFA1106 NOISE PERFORMANCE,
UNCOMPENSATED, Ay = +2, Rg = 100Q

Offset Advantage

An added advantage of the lower value Rg is a smaller DC
output offset. The op amp’s inverting input bias current (lg;)
flows through the feedback resistor and generates an offset
voltage error defined by:

Vg =lgX Reiand Vg = A, (i V’O)iVE
Reducing Rg reduces these errors.

Bandwidth Limiting

The HFA1106 bandwidth may be limited by connecting a
resistor, Roomp (required to damp the interaction between
the compensation capacitor and the package parasitics),
and capacitor, Ccomp , in series from pin 8 to GND. Typical
performance characteristics for various Coopmp values are
listed in the specification table. The HFA1106 is already unity
gain stable, so the main reason for limiting the bandwidth is
to reduce the broadband noise.

Noise Advantages - Compensated

System noise reduction is maximized by limiting the op amp
to the bandwidth required for the application. Noise
increases as the square root of the bandwidth increase (4x
bandwidth increase yields 2x noise increase), so eliminating
excess bandwidth significantly reduces system noise. Figure
3 illustrates the noise performance of the HFA1106 with its
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HFA1106

bandwidth limited to 40MHz by a 10pF Ccomp - As expected
the noise decreases by approximately 37% (100% x (1-
Y40MHz/100MHz)) compared with Figure 2. The decrease is
an even more dramatic 48% versus the HFA1105 noise level
in Figure 1.

FIGURE 3. HFA1106 NOISE PERFORMANCE,
COMPENSATED, Ay = +2, Rg = 100Q, C¢ = 10pF

Additionally, compensating the HFA1106 allows the use of a
lower value Rg for a given gain. The decreased bandwidth
due to Coomp keeps the amplifier stable by offsetting the
increased bandwidth from the lower Rg. As noted previously,
a lower value Rg provides the double benefit of reduced DC
errors and lower total noise. :

Less Lot-to-Lot Variability

External compensation provides another advantage by
allowing designers to set the op amp’s performance with a
precision external component. On-chip compensation
capacitors can vary by 10-20% over the process extremes.
A precise external capacitor dominates the on-chip compen-
sation for consistent lot-to-lot performance and more robust
designs. Compensating high frequency amplifiers to lower
bandwidths can simplify design tasks and ensure long term
manufacturability.

PC Board Layout

This amplifier’s frequency response depends greatly on the
care taken in designing the PC board. The use of low
inductance components such as chip resistors and chip
capacitors is strongly recommended, while a solid
ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
(0.1uF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
device’s input and output connections. Capacitance, para-
sitic or planned, connected to the output must be minimized,
compensated for by increasing Ccomp , Or isolated by a
series output resistor.

Care must also be taken to minimize the capacitance to
ground at the amplifier’s inverting input (-IN), as this capaci-
tance causes gain peaking, pulse overshoot, and if large
enough, instability. To reduce this capacitance, the designer

should remove the ground plane under traces connected to
-IN, and keep connections to -IN as short as possible.

An example of a good high frequency layout is the Evalua-
tion Board shown in Figure 4.

Evaluation Board

The performance of the HFA1106 may be evaluated using
the HFA11XX Evaluation Board.

Figure 4 details the evaluation board layout and schematic.
Connecting Rcomp and Ceowmp in series from socket pin 8 to
the GND plane compensates the op amp. Cutting the trace
from pin 8 to the Vi connector removes the stray parallel
capacitance, which would otherwise affect the evaluation.
Additionally, the 500€2 feedback and gain setting resistors
should be changed to the proper value for the gain being
evaluated.

To order evaluation boards (part number HFA11XXEVAL),
please contact your local sales office.
Py TOP LAYOUT

BOTTOM LAYOUT

510

O]
2
3

IN

I3
104F °1MF

FIGURE 4. EVALUATION BOARD SCHEMATIC AND LAYOUT
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Die Characteristics

DIE DIMENSIONS:
59mils x 58.2mils x 19mils + 1mils
1500um x 1480um x 483um * 25.4pum

METALLIZATION:
Type: Metal 1: AlICu(2%)/TiW Type: Metal 2: AlICu(2%)
Thickness: Metal 1: 8kA + 0.4kA  Thickness: Metal 2: 16kA + 0.8kA
GLASSIVATION:
Type: Nitride

Thickness: 4kA + 0.5kA
TRANSISTOR COUNT: 75
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1106

sRa Ropl I
S0749A02

COMP

Vs

out

+IN
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HFA1106

ji VsuppLy =15V, Ta = +25°C, R = 100, Unless Otherwise Specified
Typical Performance Curves vg, o
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FIGURE 5. SMALL SIGNAL PULSE RESPONSE FIGURE 6. SMALL SIGNAL PULSE RESPONSE
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FIGURE 7. LARGE SIGNAL PULSE RESPONSE FIGURE 8. LARGE SIGNAL PULSE RESPONSE
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FIGURE 9, LARGE SIGNAL PULSE RESPONSE FIGURE 10. LARGE SIGNAL PULSE RESPONSE
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Typical Performance CUrves vVgypp,y =5V, Ty = +25°C, R, = 1009, Unless Otherwise Specified (Continued)

GAIN (dB) GAIN (dB) NORMALIZED

GAIN (dB) NORMALIZED
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FIGURE 11. FREQUENCY RESPONSE

Ay =+1
Cc = OpF, R = 150Q
Vour = 200mVp p
GAIN
— 0
PHASE T &
. 45 (]
w
4
9% O
w
Q
135 w
<
180 g
[
225
10 100 500
FREQUENCY (MHz2)

FIGURE 13. FREQUENCY RESPONSE (12 UNITS, 4 RUNS)
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FIGURE 15. FREQUENCY RESPONSE (12 UNITS, 4 RUNS)
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FIGURE 14. GAIN FLATNESS (12 UNITS, 4 RUNS)
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FIGURE 16. GAIN FLATNESS (12 UNITS, 4 RUNS)
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HFA1106

Typical Performance CUrves Vg pp,y =5V, Tp = +25°C, R, = 100Q, Unless Otherwise Specified (Continued)

Ay=+1 EE Ay = +2 I
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FIGURE 17. SMALL SIGNAL PULSE RESPONSE FIGURE 18. SMALL SIGNAL PULSE RESPONSE
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FIGURE 19. LARGE SIGNAL PULSE RESPONSE FIGURE 20. LARGE SIGNAL OUTPUT VOLTAGE
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FIGURE 21. LARGE SIGNAL PULSE RESPONSE FIGURE 22. LARGE SIGNAL PULSE RESPONSE
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Typical Performance Curves vg;ppy =15V, T, = +25°C, R = 1000, Unless Otherwise Specified (Continued)
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FIGURE 23. FREQUENCY RESPONSE

Ay =+1
Cc = 2pF, Rg = 150Q
o Vourt = 200mVp_p

w

1 10

100

FREQUENCY (MHz)
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FIGURE 27. FREQUENCY RESPONSE (12 UNITS, 4 RUNS)
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Typical Performance CUrves Vg ppy =5V, To=+25°C, R, = 100, Unless Otherwise Specified (Continued)
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Typical Performance CUrves Vg e,y =5V, To = +25°C, R, = 1000, Unless Otherwise Specified (Continued)
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FIGURE 39. FREQUENCY RESPONSE (12 UNITS, 4 RUNS)

FIGURE 40. GAIN FLATNESS (12 UNITS, 4 RUNS)
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HFA1106

Typical Performance Curves vgppy =25V, Tp = +25°C, R, = 1009, Unless Otherwise Specified (Continued)
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@ HAaRRIS HFA1109, HFA1149

ADVANCE INFORMATION High-Speed, Low Power, Current Feedback

Operational Amplifiers

June 1995
Features Description
¢ Wide - 3dB Bandwidth (Ay = +2)............ 500MHz The HFA1109, and HFA1149 are high speed, low power, cur-
. rent feedback amplifiers built with Harris’ proprietary comple-
e Gain Flatness (to 250MHz) .................. 0.5dB mentary bipolar UHF-1 process. These amplifiers feature a
 Very Fast Slew Rate (Ay=+2)............. 1200V/us  unique combination of power and performance specifically tai-
. lored for video applications.

e HighInputimpedance...................... 1.7MQ

. i The HFA1109 is a standard pinout op amp. it is a higher per-
* Differential Gain/Phase .............. 0.02%/0.02 Deg  {ormance, drop-in replacement (no feedback resistor change
o LowSupplyCurrent ...........covivninnnn. 10mA  required) for the CLC409.

¢ Fast Output Enable/Disable (HFA1149)

Applications

¢ Professional Video Processing

o Video Switchers and Routers

» Medical Imaging

* PC Multimedia Systems

¢ Video Pixel Switching (HFA1149)
¢ Video Distribution Amplifiers

The HFA1149 incorporates an output disable pin which is
TTL/CMOS compatible, and user programmable for polarity
(active high or low). This feature eliminates the inverter
required between amplifiers in multiplexer configurations.
The ultra-fast (10ns) enable and disable times make the
HFA1149 the obvious choice for pixel switching and other
high speed multiplexing applications. The HFA1149 is a high
performance, pin compatible upgrade for the popular HA-5020
and HFA1145, as well as the CLC410.

Ordering Information

PART TEMPERATURE
¢ Flash Converter Drivers NUMBER RANGE PACKAGE
¢ Radar/IF Processing HFA1109IP, HFA1149IP | -40°C10+85°C |8 Lead Plastic DIP
HFA1109IB, HFA1149IB | -40°C to +85°C |8 Lead Plastic SOIC (N)
Pinouts
HFA1109
(PDIP, SOIC) HFA1149 PIN DESCRIPTIONS
TOP VIEW
v PIN NAME DESCRIPTION
NC E E NC Opt. Gnd Optional Gnd. Maintains Disable Pin TTL Compat-
N E 3 Ve ibility with Asymmetrical Supplies (e.g. +10V, 0V).
|:>—| Polarity Set | Defines Polarity of Disable Input. High or Floating
+N 3] 6] out Selects Active Low Disable (i.e. DIS).
v-[4] 5] e DIS/DIS | TTL Compatible Disable Input. Output is Driven
OP AMP to a True Hi-Z State When Active. Polarity de-
pends on state of Polarity Set Pin.
HFA1149
(PDIP, SOIC)
TOP VIEW HFA1149 DISABLE FUNCTIONALITY
A\ %4
— POLARITY SET
opt. aNo [1] 8] OIS /DI (PIN5) DISABLE (PIN8) | OUTPUT (PIN 6)
4N [2] (7] v+ High or Float High or Float Enabled
+N 3] 6] our High or Float Low Disabled
v-[] POLARITY -
SET Low High or Float Disabled
OP AMP WITH DISABLE Low Low Enabled

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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HFA1112

‘ : Ultra High-Speed
Programmable Gain Buffer Amplifier

% SEMICONDUCTOR

July 1995

Features

o User Programmable for Closed-Loop Gains of +1, -1
or +2 without Use of External Resistors

Description

The HFA1112 is a closed loop Buffer featuring user
programmable gain and ultra high speed performance.
Manufactured on Harris’ proprietary complementary bipolar

* Wide-3dB Bandwidth .................... 850MHz  4E 4 process, the HFA1112 offers a wide -3dB bandwidth
» Very FastSlewRate......... [, 2400V/us of 850MHz, very fast slew rate, excellent gain flatness, low
« Fast Settling Time (0.1%) « ... .cvenenenn.. 11ns  OiStortion and high output current.

- A unique feature of the pinout allows the user to select a
* High OutputCurrent .................cce0een 60MA  \iitage gain of +1, -1, or +2, without the use of any external
* Excellent Gain AcCUracy................... 0.99v/v components. Gain selection is accomplished via connec-

tions to the inputs, as described in the “Application Informa-
e Overdrive Recovery...........c.ccuvvuveennn. <10ns

tion” section. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

Standard Operational Amplifier Pinout

Compatibility with existing op amp pinouts provides flexibility to
upgrade low gain amplifiers, while decreasing component
count. Unlike most buffers, the standard pinout provides an
upgrade path should a higher closed loop gain be needed at a
future date.

Applications
* RF/IF Processors

¢ Driving Flash A/D Converters

This amplifier is available with programmable output clamps
as the HFA1113. For applications requiring a standard buffer
pinout, please refer to the HFA1110 datasheet. For Military
product, refer to the HFA1112/883 data sheet.

¢ High-Speed Communications
* Impedance Transformation

* Line Driving

* Video Switching and Routing

Ordering Information
* Radar Systems

. . PART TEMPERATURE
* Medical Imaging Systems NUMBER RANGE PACKAGE
HFA1112MJ/883 -55°C to +125°C | 8 Lead CerDIP
HFA11121J -40°C to +85°C | 8 Lead CerDIP
HFA1112IP -40°C to +85°C | 8 Lead Plastic DIP
HFA1112iB -40°C to +85°C | 8 Lead Plastic SOIC (N)
Pinout Pin Descriptions
HFA1112 PIN
(PDIP, CERDIP, SOIC) NAME NUMBER DESCRIPTION
TOP VIEW
NC 1,5,8 ‘No Connection
s "
NG E 300 3 NC -IN 2 Inverting Input
300 -| i
N E WA ZI Ve +IN 3 Non-Inverting Input
+ -
V- 4 Negative Suppl
+IN EJ [6] our s i
ouT 6 Output
v-14 5|NC
E :I V+ 7 Positive Supply

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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Specifications HFA1112

Absolute Maximum Ratings Operating Conditions

Voltage Between V+and V- . ........................... 12V Operating Temperature Range

INPULVOIAGE. . . .« e e e ie e eeeeaanans VeuppLy HFATM21. .o -40°C < Tp < +85°C
Differential Input Voltage ..............ccoviiniiino.... 5V Storage Temperature .................... -65°C < Ty < +150°C
OutputCurrent . ... ... 60mA  Thermal Package Characteristics (°C/W) 6ja 6yc
Junction Temperature (Ceramicand Die). .............. +175°C CerDIPPackage . .................. 116 36
Junction Temperature (Plastic Package) ............... +150°C Plastic DIP Package ................ 98 N/A
Lead Temperature (Soldering 10s). . .................. +300°C SOICPackage..................... 170 N/A

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgpp y =15V, Ay = +1, R_ = 100Q, Unless Otherwise Specified

HFA11121
PARAMETER TEMPERATURE MIN J TYP MAX UNITS
INPUT CHARACTERISTICS
Output Offset Voltage +25°C - 8 25 mv
Full - - 35 mV
Output Offset Voltage Drift Full - 10 - uvree
PSRR +25°C 39 45 - dB
Full 35 - - dB
Input Noise Voltage (100kHz, Note 2) +25°C - 9 - nVAHz
Non-inverting Input Noise Current (100kHz, Note 2) +25°C - 37 - pANHZ
Non-Inverting Input Bias Current +25°C - 25 40 A
Full - - 65 HA
Non-Inverting Input Resistance +25°C 25 50 - kQ
Inverting Input Resistance (Note 1) +25°C 240 300 360 Q
Input Capacitance (Either Input) i +25°C - 2 - pF
Input Common Mode Range Full +2.5 +2.8 - v
TRANSFER CHARACTERISTICS
Gain (Ay = +1, Vjy = +2V) +25°C 0.980 0.990 1.020 .
© Full 0.975 - 1.025 VNV
Gain (Ay = +2, Vjy = +1V) +25°C 1.96 1.98 2.04 VN
Full 1.95 - 2.05 VN
DC Non-Linearity (Ay = +2, £2V Full Scale, Note 2) +25°C Co- 0.02 - %
OUTPUT CHARACTERISTICS
Output Voitage (Ay =-1, Note 2) +25°C +3.0 +3.3 -
Full 25 +3.0 - \
Output Current (R_ = 50Q, Note 2) +25°C, +85°C 50 60 - mA
-40°C 35 50 - mA
DC Closed Loop Output impedance (Ay = +2) +25°C - 03 - Q
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range Full +4.5 - +5.5 \
Supply Current (Note 2) ) +25°C - 21 26 mA
Full - - 33 mA
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Specifications HFA1112

Electrical Specifications Vgyppy =15V, Ay = +1, R = 1002, Unless Otherwise Specified (Continued)

HFA1112]
PARAMETER TEMPERATURE MIN TYP l MAX UNITS
AC CHARACTERISTICS
-3dB Bandwidth Ay =-1 +25°C 450 800 - MHz
Vour =0.2Vp.p. Notes 1, 2) Ay = +1 +25°C 500 850 - MHz
Ay = +2 +25°C 350 550 - MHz
Slew Rate Ay =-1 +25°C 1500 2400 - Vius
(Vour = 5Vp.p. Note 1) Ay = +1 +25°C 800 1500 : Vips
Ay = +2 +25°C 1100 1900 - Vius
Full Power Bandwidth Ay =-1 +25°C - 300 - MHz
Vour = 5Ve.p, Note 2) Ay = +1 +25°C ; 150 - MHz
Ay =+2 +25°C - 220 - MHz
Gain Flatness Ay=-1 +25°C - +0.02 - dB
(to 30MHz, Notes 1, 2) Ay 2250 N 0.1 N B
Ay=+2 +25°C . +0.015 £0.04 dB
Gain Flatness Ay=-1 +25°C - +0.05 - dB
(to 50MHz, Notes 1, 2) Ayl 7255 - vy 5 B
Ay =+2 +25°C - +0.036 +0.08 dB
Gain Flatness Ay=-1 +25°C - 10.10 - dB
(to 100MHz, Notes 1, 2) Ay = +2 +25°C - +0.07 +0.22 B
Linear Phase Deviation Ay=-1 +25°C - +0.13 - Degrees
(to 100MHz, Note 2) Ay = +1 +25°C - +0.83 - Degrees
Ay=+2 +25°C - 0.05 - Degrees
2nd Harmonic Distortion Ay =-1 +25°C - -52 - dBc
(30MHz, Voyt = 2Vp.p, Notes 1, 2) roE T - = - =
Ay =+2 +25°C - -52 -45 dBc
3rd Harmonic Distortion Ay =-1 +25°C - -7 - dBc
(30MHz, Vot = 2Vp.p, Notes 1, 2) P ~25°C - 73 N e
Ay =+2 +25°C - -72 -65 dBc
2nd Harmonic Distortion Ay=-1 +25°C - -47 - dBc
(50MHz, Vot = 2Vp.p, Notes 1, 2) Ayl 225 B = - 5o
Ay =+2 +25°C - -47 -40 dBc
3rd Harmonic Distortion Ay=-1 +25°C - -63 - dBc
(50MHz, Vot = 2Vp.p, Notes 1, 2) P 725°C X o8 - e
Ay =+2 +25°C - -65 -55 dBc
2nd Harmonic Distortion Ay =-1 +25°C - -41 - dBc
(100MHz, Vgut = 2Vp.p, Notes 1, 2) Ayl 7250 - =0 " T
Ay =+2 +25°C - -42 -35 dBc
3rd Harmonic Distortion Ay =-1 +25°C - -55 - dBc
(100MHz, Voyt = 2Vp.p. Notes 1, 2) Ay 725 N o n 3Bo
Ay=+2 +25°C - -62 -45 dBe
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Specifications HFA1112

Electrical Specifications Vg ppy =15V, Ay = +1, R_ = 1008, Unless Otherwise Specified (Continued)

HFA1112]
PARAMETER TEMPERATURE MIN TYP MAX UNITS

3rd Order Intercept 100MHz +25°C - 28 - dBm
(Av =+2, Note 2) 300MHz +25°C - 13 - dBm
1dB Compression 100MHz +25°C - 19 - dBm
(Av = +2, Note 2) 300MHz +25°C - 12 - dBm
Reverse Isolation 40MHz +25°C - -70 - dB
(St Note 2) 100MHz +25°C - -60 - d8

600MHz +25°C - -32 - dB
TRANSIENT CHARACTERISTICS
Rise Time Ay =-1 +25°C - 500 800 ps
(Vour = 0.5V Step, Note 1) Ay = +1 +25°C - 480 750 ps

Ay = +2 +25°C - 700 1000 ps
Rise Time Ay =-1 +25°C - 0.82 - ns
(Vour =2V Step) Ay = +1 125°C - 1.06 - ns

Ay = +2 +25°C - 1.00 - ns
Overshoot Ay = -1 +25°C - 12 30 %
S/g:g;- T'(;?;/)Step, Input tg/te = 200ps, P 255G - pr pr ”

Ay =+2 +25°C - [ 20 %
0.1% Settling (Vout = 2V to 0V, Note 2) +25°C - 11 - ns
0.05% Settling (Vout =2V to 0V) +25°C - 15 - ns
Overdrive Recovery Time (V\ = 5Vp_p) +25°C - 8.5 - ns
Differential Gain Ay =+1,3.58MHz, +25°C - 0.03 - %

R, = 150Q

Ay =+2, 3.58MHz, +25°C - 0.02 - %

R = 150Q
Differential Phase Ay =+1,3.58MHz, +25°C - 0.05 - Degrees

R, = 1500

Ay =+2, 3.58MHz, +25°C - 0.04 - Degrees

Ry = 150Q

NOTES:

1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation.
2. See Typical Performance Curves for more information.

3. Overshoot decreases as input transition times increase, especially for Ay = +1. Please refer to Performance Curves.
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Die Characteristics

DIE DIMENSIONS:
63 x 44 x 19 + 1mils
1600pm x 1130pm +25.4um

METALLIZATION:
Type: Metal 1: AICu (2%)/TiW Type: Metal 2: AlCu (2%,
Thickness: Metal 1: 8kA £ 0.4kA  Thickness: Metal 2: 16kA + 0.8

GLASSIVATION:
Type: Nitride
Thickness: 4kA + O.SkA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

WORST CASE CURRENT DENSITY:
2.12 x 10% A/cm? at 50mA

TRANSISTOR COUNT: 52
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1112

+IN

NC

V+

L 50070R0%

ourt

2-138




HFA1112

Application Information
Closed Loop Gain Selection

The HFA1112 features a novel design which allows the user
to select from three closed loop gains, without any external
components. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

This “buffer” operates in closed loop gains of -1, +1, or +2, and
gain selection is accomplished via connections to the +inputs.
Applying the input signal to +IN and floating -IN selects a gain
of +1, while grounding -IN selects a gain of +2. A gain of -1 is
obtained by applying the input signal to -IN with +IN grounded.

The table below summarizes these connections:

GAIN CONNECTIONS
(Acr) +INPUT (PIN 3) -INPUT (PIN 2)
-1 GND Input
+1 Input NC (Floating)
+2 Input GND
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10puF) tantalum in parallel with a small value
(0.1uF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Capacitance directly on the
output must be minimized, or isolated as discussed in the
next section.

For unity gain applications, care must also be taken to
minimize the capacitance to ground seen by the amplifier's
inverting input. At higher frequencies this capacitance will
tend to short the -INPUT to GND, resulting in a closed loop
gain which increases with frequency. This will cause
excessive high frequency peaking and potentially other
problems as well.

An example of a good high frequency layout is the Evalua-
tion Board shown in Figure 2.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier's

or ety Ay +1+z)
\J
Rl E E—IO 1 pF ﬁ ﬁ1 OuF
50Q 2 7
IN 3 G out
0.1yF : B GND w
WS S B oy

phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C; combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a
point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C; form a low pass network at the output, thus lim-
iting system bandwidth well below the amplifier bandwidth

of 850MHz. By decreasing Rg as Cjincreases (as illus--

trated in the curves), the maximum bandwidth is obtained
without sacrificing stability. Even so, bandwidth does
decrease as you move to the right along the curve. For
example, at Ay = +1, Rg = 50Q, C; = 30pF, the overall
bandwidth is limited to 300MHz, and bandwidth drops to
100MHz at Ay = +1, Rg = 5Q, C_ = 340pF.

40 Ay = +1

Rs (Q)
&

5 Ay =+2 T
0 40 80 120 160 200 240 280 320 360 400
LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs
LOAD CAPACITANCE

Evaluation Board

The performance of the HFA1112 may be evaluated using
the HFA11XX Evaluation Board, slightly modified as follows:

1. Remove the 50092 feedback resistor (R2), and leave the
connection open.
2. a. For Ay = +1 evaluation, remove the 5002 gain setting
resistor (R1), and leave pin 2 floating.
b. For Ay = +2, replace the 5002 gain setting resistor with
a 0Q resistor to GND.
The layout and modified schematic of the board are shown
in Figure 2.

To order evaluation boards, please contact your local sales
office.

BOTTOM LAYOUT

TOP LAYOUT

+IN.
L J

FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT
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Typical Performance Curves vg;ppy = +5V, Tp = +25°C, R, = 1009, Unless Otherwise Specified

200 2.0
Ay =+2 =42
150 1.5 Au=
E 100 S 10 At
8 so & 05 \
< <
i 5
g o g o
'é -50 go.s
% 100 3.0
-150 15
-200 20
5ns/DIV 5ns/DIV
FIGURE 3. SMALL SIGNAL PULSE RESPONSE FIGURE 4. LARGE SIGNAL PULSE RESPONSE
200 20
Ay = +1h Ay = +1
150 15 - a
s 100 L—-— P\ I\
E S 10 -
w w \
S 50 S 05
< <
5 3
: * :
P =
2 0 E 0.5
§ -100 3-1.0
-150 15 'r
-200 2.0
5ns/DIV 5ns/DIV
FIGURE 5. SMALL SIGNAL PULSE RESPONSE FIGURE 6. LARGE SIGNAL PULSE RESPONSE
200 2.0
=-1 Ay =-1 [
150 2 15—
E 100 A s 10 A ﬂ o
w w \ V
S 50 @ os
g 2
3 2 o
g o 2
E -50 E -0.5
o -100 o -1.0 M 3
-150 15
-200 2.0
5ns/DIV 5ns/DIV
FIGURE 7. SMALL SIGNAL PULSE RESPONSE FIGURE 8. LARGE SIGNAL PULSE RESPONSE
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Typical Performance Curves VsuppLy = 15V, Tp = +25°C, R = 1009, Unless Otherwise Specified (Continued)

g 6 FrrrTT—r
N Vour = 200mVp_p Ay =+1 LA
2 3T
2o I A1
2, GAIN Ag=- )
o
£ (11| )
2z )
Z PHASE w
5 -9 174 11N 90 g
Ay=+2
Av=1" ah 1808
Ay = +1 270 »
M-ssoﬁ
03 1 10 100 1000
FREQUENCY (MHz)
FIGURE 9. FREQUENCY RESPONSE
" = TTTTI
Ay = +1, Voyr = 200mVp_p R, = 1kQ —Z S
g I
GAIN R = 10002
2 s L ]
& I 11T
- R, =50Q"H]
-9
. 0 @
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R =100Q \sg [T}
R =500 =+ -1808
I R = 1kQ -] -27o§
Ll 1 0%
03 1 10 100 1000
FREQUENCY (MHz)
FIGURE 11. FREQUENCY RESPONSE FOR VARIOUS LOAD
RESISTORS
2 =2 Vpp
9 g
m
g *[T[III
z GAIN
S 3
0 4.0V ]
25Vpp ] _‘_ o &
w
PHASE | 90 i
Al 5
4.0Vpp ~ 180g
25Vpp 4 27o§
i T ==
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FREQUENCY (MHz)
FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS OUTPUT
VOLTAGES

Ay = 42, Vour = 200mVp.p
. | 1]
s 6 -+
z, GAIN Sl
< L =500
%o R, =100Q -
R, =1kQ "] 5
[
PHASE BRI w
-90 o
N (L]
Ry =100Q H1N 180 &
R_=50Q ] -2705,1
R =1kQ — |
[EETIT] 1 -360 %
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FIGURE 10. FREQUENCY RESPONSE FOR VARIOUS LOAD
RESISTORS
Ay =1, Vour = 200mVp.p T Y
3 ] R_=1kQ 7
g ol 72
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Z 4 GAIN Ry = 100Q N
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o N
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180 &
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FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS LOAD
RESISTORS
Ay = +1
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=z
Sa3 GAIN Vour =4Vp.p N fH
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FIGURE 14. FREQUENCY RESPONSE FOR VARIOUS OUTPUT
VOLTAGES
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HFA1112

Typical Performance Curves vggppy = +5V, Tp = +25°C, R, = 1002, Unless Otherwise Specified (Continued)

T T TTITIT
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FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT
VOLTAGES
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FIGURE 17. -3dB BANDWIDTH vs TEMPERATURE
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Typical Performance Curves VsuppLy = 15V, Tp = +25°C, R = 100Q, Unless Otherwise Specified (Continued)

24

-30
-36

-42 Ay = +1

. =
et

-54

=42

GAIN (dB)

-60 I Ay=-1 A

-66 // Ay=-1_]
72 P N

y
.78 /|

-84

Ay =+2

0 20 40 60 80 100 120 140
FREQUENCY (MHz2)
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Typical- Performance Curves VsuppLy = 15V, Ty = +25°C, R = 100Q, Unless Otherwise Specified (Continued)
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Typical Performance Curves VsuppLy = 35V, Ta = +25°C, R = 100Q, Unless Otherwise Specified (Continued)
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HARRIS

SEMICONDUCTOR

HFA1113

Output Limiting, Ultra High Speed,
Programmable Gain, Buffer Amplifier

@

July 1995

Features
¢ User Programmable Output Voltage Limiting

¢ User Programmable For Closed-Loop Gains of +1, -1
or +2 Without Use of External Resistors

* Wide -3dB Bandwidth .................... 850MHz
¢ Excellent Gain Flatness (to 100MHz). ........ +0.07dB
* Low Differential Gain and Phase . ... 0.02%/0.04 Deg.
¢ Low Distortion (HD3,30MHz) ............... -73dBc
* VeryFastSlewRate .................... 2400V/us
¢ Fast Settling Time (0.1%) ............cvieunen 13ns
* HighOutputCurrent ....................... 60mA
e Excellent Gain Accuracy.............o0uu.n 0.99V/V
e Overdrive Recovery........... i, <ins

Standard Operational Amplifier Pinout

Applications

* RF/IF Processors

¢ Driving Flash A/D Converters
¢ High-Speed Communications

¢ Impedance Transformation

Description

The HFA1113 is a high speed Buffer featuring user program-
mable gain and output limiting coupled with ultra high speed
performance. This buffer is the ideal choice for high fre-
quency applications requiring output limiting, especially
those needing ultra fast overload recovery times. The output
limiting function allows the designer to set the maximum
positive and negative output levels, thereby protecting later
stages from damage or input saturation. The sub-nano-
second overdrive recovery time quickly returns the amplifier
to linear operation following an overdrive condition.

A unique feature of the pinout allows the user to select a
voltage gain of +1, -1, or +2, without the use of any external
components, as described in the “Application Information”
section. Compatibility with existing op amp pinouts provides
flexibility to upgrade low gain amplifiers, while decreasing
component count. Unlike most buffers, the standard pinout
provides an upgrade path should a higher closed loop gain
be needed at a future date.

Component and composite video systems will also benefit
from this buffer’s performance, as indicated by the excellent
gain flatness, and 0.02%/0.04 Deg. Differential Gain/Phase
specifications (R = 150Q).

For Military product, refer to the HFA1113/883 data sheet.

Ordering Information

. PART TEMPERA-
* Line Driving NUMBER TURE RANGE PACKAGE
¢ Video Switching and Routing HFA1113MJ/883 | -55°C to +125°C | 8 Lead CerDIP
* Radar Systems HFA11131J -40°C to0 +85°C | 8 Lead CerDIP
409 0 z
« Medical Imaging Systems HFA1113IP 40°C to +85°C | 8 Lead Plastic DIP
i HFA1113I1B -40°C to +85°C | 8 Lead Plastic SOIC (N)
Pinout Pin Descriptions
HFA1113 PIN
(PDIP, CERDIP, SOIC) NAME NUMBER DESCRIPTION
TOP VIEW
NC 1 No Connection
\J
ne [1] 300 E Vi -IN 2 Inverting Input
JN E 322 N\ ZJ Ve +IN 3 Non-Inverting Input
+ .
+IN E I El ouT V- 4 Negative Supply
V 5 Lower Output Limit
v [ ]2 - i
ouT 6 Output
V+ 7 Positive Supply
Vy 8 Upper Output Limit

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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Specifications HFA1113

Absolute Maximum Ratings

Voltage Between V+and V- . ......................
DCinputVoltage ............coieiiininnn...
Differential input Voltage .........................
Voltage at Viyor V| Terminal .............. (V+) +2Vito (V-) - 2V
Output Current (50% Duty Cycle). . .................
Junction Temperature (Ceramicand Die)...............
Junction Temperature (Plastic Package) ...............
Lead Temperature (Soldering 10s). . ..................

(SOIC - Lead Tips Only)

Operating Conditions

..... 12V Operating Temperature Range

VeuppLy HFATI131. .o -40°C < Tp < +85°C
...... 5V Storage Temperature ....................-65°C<T,<+150°C
Thermal Resistance (°C/W) 6, 8,c
....60mA CeDIP .. ... 116 36
+175°C PlasticDIP ....................... 130 N/A
+150°C SOIC ...t 170 N/A
+300°C

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppy = $5V, Ay = +1, R_ = 100Q, Unless Otherwise Specified

HFA11131
PARAMETER TEMPERATURE MIN | TYP | MAX UNITS
INPUT CHARACTERISTICS
Output Offset Voltage +25°C - 8 25 mv
Full - - 35 ‘mV
Output Offset Voltage Drift Full - 10 - MY/e]
PSRR +25°C 39 45 - dB
Full 35 - - dB
Input Voltage Noise (100kHz, Note 2) +25°C - 9 - nVAHz
+Input Current Noise (100kHz, Note 2) +25°C - 37 - pANI—-E
Non-Inverting Input Bias Current +25°C - 25 40 HA
Full - - 65 uA
Non-inverting Input Resistance +25°C 25 50 - kQ
Inverting Input Resistance (Note 1) +25°C 240 300 360 Q
Input Capacitance (Either Input) +25°C - 2 - pF
Input Common Mode Range Full +2.5 +2.8 - \
TRANSFER CHARACTERISTICS
Gain (Ay = +1, Vi = +2V) +25°C 0.980 0.990 1.020 VNV
Full 0.975 - 1.025 VN
Gain (Ay = +2, Vjy = +1V) +25°C 1.96 1.98 2.04 VN
Full 1.95 - 2.05 VN
DC Non-Linearity (Ay = +2, +2V Full Scale, Note 2) +25°C - 0.02 - %
OUTPUT CHARACTERISTICS
Output Voltage (Ay = -1, Note 2) +25°C +3.0 +3.3 -
Full 2.5 +3.0 - \
Output Current (R = 502, Note 2) +25°C, 85°C 50 60 - mA
-40°C 35 50 - mA
DC Closed Loop Output Impedance +25°C - 0.3 - Q
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range Full +4.5 - +5.5 \
Supply Current (Note 2) +25°C - 21 26 mA
Full - - 33 mA
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Specifications HFA1113

Electrical Specifications Vgypp y = £5V, Ay = +1, R_ = 1002, Uniess Otherwise Specified (Continued)

HFA11131
PARAMETER TEMPERATURE MIN TYP MAX UNITS
AC CHARACTERISTICS
-3dB Bandwidth Ay =- +25°C 450 800 - MHz
(Vour =0.2Vp.p, Notes 1.2) Ay = +1 +25°C 500 850 - MHz
Ay =+2 +25°C 350 550 - MHz
Slew Rate Ay =-1 +25°C 1500 2400 - Vips
(Vour =5Vp.p, Note 1) Ay =1 +25°C 800 1500 } Vigs
Ay =+2 +25°C 1100 1900 - Vius
Full Power Bandwidth Ay=-1 +25°C - 300 - MHz
(Vour = SVp.p. Note 2) Ay = +1 +25°C - 150 - MHz
Ay =+2 +25°C . 220 - MHz
Gain Flatness Ay =-1 +25°C - +0.02 - dB
(to 30MHz, Notes 1, 2) Ayt 725°C N 201 - 3B
Ay =+2 +25°C - +0.015 +0.04 dB
Gain Flatness Ay =-1 +25°C - +0.05 - dB
(to 50MHz, Notes 1, 2) - Ayl 725°C N 02 N B
Ay =+2 +25°C - +0.036 +0.08 dB
Gain Flatness Ay=- +25°C - 0.10 - dB
(to 100MHz, Notes 1, 2) Ay 2 7255 N 30,07 0.0 B
Linear Phase Deviation Ay =-1 +25°C - +0.13 - Degrees
(to 100MHz, Note 2) Ay = +1 +25°C - 10.83 - Degrees
Ay =+2 +25°C - +0.05 - Degrees
2nd Harmonic Distortion Ay = -1 +25°C - -52 - dBc
(30MHz, Vo1 = 2Vp.p, Notes 1, 2) Ay =1 225% N 57 N 3Bo
Ay =+2 +25°C - -52 -45 dBc
3rd Harmonic Distortion Ay =-1 +25°C - -71 - dBc
(30MHz, Voyt = 2Vp.p, Notes 1, 2) A=+ 7259 N 73 ~ 3Bo
Ay =+2 +25°C - -72 -65 dBc
2nd Harmonic Distortion Ay =-1 +25°C - -47 - dBc
(50MHz, Voyt = 2Vp.p, Notes 1, 2) Ay 225% X 53 N 3Bc
Ay =+2 +25°C - -47 -40 dBe
3rd Harmonic Distortion Ay =-1 +25°C - -63 - dBc
(50MHz, Voyt = 2Vp_p, Notes 1, 2) Ay =1 225%C N 8 " dBo
Ay =+2 +25°C - -65 -55 dBc
2nd Harmonic Distortion Ay =-1 +25°C - -41 - dBc
(100MHz, Vot = 2Vp.p Notes 1, 2) Ayt 725°C N 50 " 9Bo
Ay =+2 +25°C - -42 -35 dBc
3rd Harmonic Distortion Ay=- +25°C - -55 - dBc
(100MHz, Vot = 2Vp.p Notes 1, 2) Ayt T25°C - Ty - B0
Ay =+2 +25°C - -62 -45 dBc
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Electrical Specifications Vvgyppy = £5V, Ay = +1, R, = 1002, Unless Otherwise Specified (Continued)

HFA11131
PARAMETER TEMPERATURE MIN TYP MAX UNITS
3rd Order Intercept 100MHz +25°C - 28 - dBm
(Av =42 Note 2) 300MHz +25°C - 13 - dBm
1dB Compression 100MHz +25°C - 19 - dBm
(Ay = +2 Note 2) 300MHz +25°C - 12 - dBm
Reverse Isolation 40MHz +25°C - -70 - dB
(S12. Note 2) 100MHz +25°C - -60 - dB
600MHz +25°C - -32 dB
TRANSIENT CHARACTERISTICS
Rise Time Ay =-1 +25°C - 500 800 ps
(Vour = 0.5V Step, Note 1) Ay =+ +25°C ; 480 750 ps
Ay = +2 +25°C - 700 1000 ps
Rise Time Ay =-1 +25°C - 0.82 - ns
(Vour =2V Step) Ay =+ +25°C - 1.06 ; ns
Ay = +2 +25°C - 1.00 - ns
Overshoot Ay =-1 +25°C - 12 30 %
f:&ﬁ’t;ﬁ‘ivz?é?@i Notes 1,2,3) Av=+1 +25°C - 45 65 %
Ay =+2 +25°C - 6 20 %
0.1% Settling (Voyr = 2V to 0V, Note 2) +25°C - 13 20 ns
0.05% Settling (Voyt = 2V to 0V) +25°C - 20 33 ns
Differential Gain Ay =+1,3.58MHz, +25°C - 0.03 - %
R, = 1502
Ay =+2, 3.58MHz, +25°C - 0.02 - %
R = 1500
Differential Phase Ay =+1,3.58MHz, +25°C - 0.05 - Degrees
R, = 150Q
Ay =+2, 3.58MHz, +25°C - 0.04 - Degrees
R, = 150Q
OUTPUT LIMITING CHARACTERISTICS Ay = +2, Vy = +1V, V|_= -1V, Unless Otherwise Specified.
Clamp Accuracy (Vy =+1.6V, Ay = -1, Note 2) +25°C - +100 *150 mvV
Full - - +200 mV
Clamp Overshoot (V) = +1V, Input ty/t = 500ps) +25°C - 7 - %
Overdrive Recovery Time (Viy =1V, Note 2) +25°C - 0.75 15 ns
Negative Clamp Range +25°C - -5.0t0 +2.0 - Vv
Positive Clamp Range +25°C - -2.0t0 +5.0 -
Clamp Input Bias Current (Note 2) +25°C - 50 200 HA
Full - - 300 pA
Clamp Input Bandwidth (Vy or V= 100mVp._p, Note 2) +25°C - 500 - MHz

NOTES:

1. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation.

2. See Typical Performance Curves for more information.

3. Overshoot decreases as input transition times increase, especially for Ay = +1. Please refer to Typical Performance Curves.
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Die Characteristics

DIE DIMENSIONS:
63 x 44 x 19 + 1mils
1600pm x 1130pum + 25.4um

METALLIZATION: s
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AICu(2%)
Thickness: Metal 1: 8kA + 0.4kA Thickness: Metal 2: 16kA + 0.8kA
GLASSIVATION:
Type: Nitride

Thickness: 4kA + 0.5kA

WORST CASE CURRENT DENSITY:
0.909 x 10° A/lcm?

TRANSISTOR COUNT: 52
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1113

+IN

[

V+

L S00TO0ROY
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Application Information
Closed Loop Gain Selection

The HFA1113 features a novel design which allows the user
to select from three closed loop gains, without any external
components. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

This “buffer” operates in closed loop gains of -1, +1, or +2, and
gain selection is accomplished via connections to the *Inputs.
Applying the input signal to +IN and floating -IN selects a gain
of +1, while grounding -IN selects a gain of +2. A gain of -1 is
obtained by applying the input signal to -IN with +IN grounded.

The table below summarizes these connections:

CONNECTIONS
+INPUT -INPUT
GAIN (Acp) (PIN 3) (PIN 2)
1 GND Input
+1 Input NC (Floating)
+2 Input GND
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
chip (0.1uF) capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Capacitance directly on the
output must be minimized, or isolated as discussed in the
next section.

For unity gain applications, care must also be taken to
minimize the capacitance to ground seen by the amplifier’s
inverting input. At higher frequencies this capacitance will
tend to short the -INPUT to GND, resulting in a closed loop
gain which increases with frequency. This will cause
excessive high frequency peaking and potentially other
problems as well.

An example of a good high frequency layout is the Evalua-
tion Board shown in Figure 3.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly ter-
minated transmission line will degrade the ampilifier's phase
margin resulting in frequency response peaking and possi-
ble oscillations. In most cases, the oscillation can be avoided
by placing a resistor (Rg) in series with the output prior to the
capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C; combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a

point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C|_form a low pass network at the output, thus limit-
ing system bandwidth well below the amplifier bandwidth of
850MHz. By decreasing Rg as Cjincreases (as illustrated in
the curves), the maximum bandwidth is obtained without
sacrificing stability. Even so, bandwidth does decrease as
you move to the right along the curve. For example, at
Ay = +1, Rg = 50Q, C| = 30pF, the overall bandwidth is lim-
ited to 300MHz, and bandwidth drops to 100MHz at Ay = +1,
Rg = 5Q, C; = 340pF.

o [T

40 Ay =+1
35
30
25 [\
20
15
10 ~

5 tAy=+2 -

—
0

Rs (©)

0 40 80 120 160 200 240 280 320 360 400

LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES RESISTOR vs LOAD
CAPACITANCE

Evaluation Board

The performance of the HFA1113 may be evaluated using
the HFA11XX Evaluation Board, slightly modified as follows:

1. Remove the 500Q feedback resistor (R2), and leave the
connection open.

2. a. For Ay = +1 evaluation, remove the 500Q gain setting
resistor (R1), and leave pin 2 floating.
b. For Ay = +2, replace the 50012 gain setting resistor with
a 0Q resistor to GND.

The modified schematic and layout of the board are shown
in Figures 2 and 3.

To order evaluation boards, please contact your local sales
office.

oo (Ay = +1)
or 0Q (Ay = +2)
v
R1 H
v 44
i 8 0.1yF 10pF
500 3 j—I—T—cH +5V
—] 50Q
IN 3 5 out
L——I——l q [F——o v
10uF 25 0.1pF é—u GND
@ O -sv GND

FIGURE 2. MODIFIED EVALUATION BOARD SCHEMATIC
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TOP LAYOUT

BOTTOM LAYOUT

FIGURE 3. EVALUATION BOARD LAYOUT

Clamp Operation
General

The HFA1113 features user programmable output clamps to
limit output voltage excursions. Clamping action is obtained
by applying voltages to the Vi and V,_terminals (pins 8 and
5) of the amplifier. V, sets the upper output limit, while V|
sets the lower clamp level. If the amplifier tries to drive the
output above Vy, or below Vy, the clamp circuitry limits the
output voltage at V| or V|_ (+ the clamp accuracy), respec-
tively. The low input bias currents of the clamp pins allow
them to be driven by simple resistive divider circuits, or
active elements such as amplifiers or DACs.

Clamp Circuitry

Figure 4 shows a simplified schematic of the HFA1113 input
stage, and the high clamp (Vy) circuitry. As with all current
feedback amplifiers, there is a unity gain buffer (QX1 - QX2)
between the positive and negative inputs. This buffer forces
-IN to track +IN, and sets up a slewing current of:

(VN - Vour)/Re + Van/Rg

This current is mirrored onto the high impedance node (Z) by
QX3-QX4, where it is converted to a voltage and fed to the
output via another unity gain buffer. If no clamping is utilized,
the high impedance node may swing within the limits defined
by QP4 and QN4. Note that when the output reaches it's qui-
escent value, the current flowing through -IN is reduced to
only that small current (-lgjas) required to keep the output at
the final voltage.

Tracing the path from Vy to Z illustrates the effect of the
clamp voltage on the high impedance node. Vi decreases
by 2Vge (QN6 and QP6) to set up the base voltage on QP5.

S
<>
+IN
Vi
b—0
<R Rg = 300Q
] >
3002 S (INTERNAL) (INTERNAL)
N Vour

FIGURE 4. HFA1113 SIMPLIFIED V, CLAMP CIRCUITRY

QPS5 begins to conduct whenever the high impedance node
reaches a voltage equal to QP5’s base voltage + 2Vgg (QP5
and QNS5). Thus, QP5 clamps node Z whenever Z reaches
Vy. R1 provides a pull-up network to ensure functionality
with the clamp inputs floating. A similar description applies to
the symmetrical low clamp circuitry controlled by V, .

When the output is clamped, the negative input continues to
source a slewing current (I amp) in an attempt to force the
output to the quiescent voltage defined by the input. QP5 must
sink this current while clamping, because the -IN current is
always mirrored onto the high impedance node. The clamping
current is calculated as:

Ictamp = (Vo - Vout cLampep)/300Q2 + V. n/Rg.

As an example, a unity gain circuit with V; = 2V, and Vi = 1V,
would have g amp = (2V - 1V)/300Q + 2V/eo = 3.33mMA (Rg =0
because -IN is floated for unity gain applications). Note that I
will increase by Ig amp When the output is clamp limited.

Clamp Accuracy

The clamped output voltage will not be exactly equal to the
voltage applied to Vi or V| . Offset errors, mostly due to Vgg
mismatches, necessitate a clamp accuracy parameter which
is found in the device specifications. Clamp accuracy is a
function of the clamping conditions. Referring again to Figure
4, it can be seen that one component of clamp accuracy is the
Vgeg mismatch between the QX6 transistors, and the QX5
transistors. If the transistors always ran at the same current
level there would be no Vgg mismatch, and no contribution to
the inaccuracy. The QX6 transistors are biased at a constant
current, but as described earlier, the current through QX5 is
equivalent to I amp. Ve increases as g apmp increases,
causing the clamped output voltage to increase as well.
lcLamp is a function of the overdrive level (Aycy x Vin - Vout
CLAMPED), SO clamp accuracy degrades as the overdrive
increases. As an example, the specified accuracy of +100mV
(Ay = -1, Vy = 1V) for a 1.6X overdrive degrades to £240mV
for a 3X (200%) overdrive, as shown in Figure 43.
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Consideration must also be given to the fact that the clamp
voltages have an affect on amplifier linearity. The “Nonlinear-
ity Near Clamp Voltage” curve, Figure 48, illustrates the
impact of several clamp levels on linearity.

Clamp Range

Unlike some competitor devices, both Vi, and V|_have usable
ranges that cross OV. While Vi must be more positive than
V|, both may be positive or negative, within the range restric-
tions indicated in the specifications. For example, the
HFA1113 could be limited to ECL output levels by setting Vi, =
-0.8V and V| = -1.8V. V and V| may be connected to the
same voltage (GND for instance) but the result won't be in a
DC output voltage from an AC input signal. A 150mV - 200mV
AC signal will still be present at the output.

Recovery from Overdrive

The output voltage remains at the clamp level as long as the
overdrive condition remains. When the input voltage drops
below the overdrive level (Vg amp/AvcL) the amplifier will

return to linear operation. A time delay, known as the Over-
drive Recovery Time, is required for this resumption of linear
operation. The plots of “Unclamped Performance” and
“Clamped Performance” (Figures 41 and 42) highlight the
HFA1113’s subnanosecond recovery time. The difference
between the unclamped and clamped propagation delays is
the overdrive recovery time. The appropriate propagation
delays are 8.0ns for the unclamped pulse, and 8.8ns for the
clamped (2X overdrive) pulse yielding an overdrive recovery
time of 800ps. The measurement uses the 90% point of the
output transition to ensure that linear operation has
resumed. Note: The propagation delay illustrated is domi-
nated by the fixturing. The delta shown is accurate, but the
true HFA1113 propagation delay is 500ps.

Overdrive recovery time is also a function of the overdrive
level. Figure 47 details the overdrive recovery time for vari-
ous clamp and overdrive levels.

Typical Performance Curves v e,y =5V, Tp = +25°C, R, = 100, Unless Otherwise Specified
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FIGURE 7. SMALL SIGNAL PULSE RESPONSE
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FIGURE 8. LARGE SIGNAL PULSE RESPONSE
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Typical Performance CUurves vqpp .y = 5V, Ty = +25°C, R_ = 100Q, Unless Otherwise Specified (Continued)

200 20
Ay =-1 Ay =-1
aspp Y 15—~
g 100 L A s 1.0 ‘\
& s 8 os
2 8
3 o 3 o
9 g
E -50 § -0.5
5
3 -100 O 10
-150 15
-200 20
5ns/DIV 5ns/DIV
FIGURE 9. SMALL SIGNAL PULSE RESPONSE FIGURE 10. LARGE SIGNAL PULSE RESPONSE
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FIGURE 11. FREQUENCY RESPONSE FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS LOAD
RESISTORS
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FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS LOAD FIGURE 14. FREQUENCY RESPONSE FOR VARIOUS LOAD
RESISTORS : RESISTORS
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Typical Performance Curves Vsuppry = 35V, Ta = +25°C, R = 100Q, Unless Otherwise Specified (Continued)

OPERATIONAL
AMPLIFIERS

12 (T 6 T
Ay = 42 NIH , Ay =41
g° GAIN i a GAIN =Ty
s )
r4 < \'} =4Vp,
< 3 40Vpp _| 1o 3 3 out P-p B /l
S 25Vpp 1 Vour =2.5Vpp ™ [J
o HASE , -6 PHASE Vour = 1Vp.p
P 0 P
e m --\ m
T g e &
e Vout =4Vpp — S
4.0Vpp -180 & ouT=TPP T 180 &
L o Vour =2.5Vp.p | o
25Vpp | L 270 e 270
1Vpp j < Vour=1Vep ] <
360 £ TN 360 E
LLLI L LTI
03 1 10 100 1000 03 1 10 100 1000
FREQUENCY (MHz) FREQUENCY (MHz)
FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 16. FREQUENCY RESPONSE FOR VARIOUS OUTPUT
VOLTAGES VOLTAGES
6 T 15
Ay =-1 Vour = 2.5Vp.p | T T 171
s 3 v=-l out Pl 12 L Vour=5Vep
2 3AIN Vour = 4Vp.p ] ]
z © 7 1 o °
< V = T
g 3 our = 1Vpp &; R
-6 g
PHASE z 3
180 & S o = A
I I z av=-1 11 )
90 ¢ @ 3 Hi
Vour =4Ve.p — 0 g g' . Ay =+2 W\
Vour =2.5Vp.p || D\‘ % g Ay =417
Vour =1Vp.p 90 @ 9
T -
03 1 10 100 1000 03 1 10 100 1000
FREQUENCY (MHz) FREQUENCY (MHz)
FIGURE 17. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 18. FULL POWER BANDWIDTH
VOLTAGES
900 I 035 ]
850 —J; Ay =+ 0.30 [
——— o 025
. 800 Ay=-1 w /
£} N 020 Ao
g 750 = A=+t /] y =~
g s 0.15
E g A /
g 700 2 o10 /
2 650 8 005 7
3 z A
600 < s Ves
(&) B TN
Ay=+2 — -0.05 [ /\
5§50 #—4%'_ Ay =+2
-0.10 Ve
500 l -0.15 T ”
50 -25 0 425 450 +75 +100 +125 10 100
TEMPERATURE (°C) FREQUENCY (MHz)

FIGURE 19. -3dB BANDWIDTH vs TEMPERATURE

FIGURE 20. GAIN FLATNESS
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Typical Performance Curves VguppLy = 15V, Ty = +25°C, R, = 100Q, Unless Otherwise Specified (Continued)
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Typical Performance Curves VsuppLy = 5V, Ta = +25°C, R|_ = 1009, Unless Otherwise Specified (Continued)
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Typical Performance Curves vg s,y = #5V, Tp = +25°C, R, = 100, Unless Otherwise Specified (Continued)
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Typical Performance CUrves vgppy = +5V, Ty = +25°C, R, = 100, Unless Otherwise Specified (Continued)

3.6
35
34
3.3 |
3.2

31

OUTPUT VOLTAGE (V)

28
27
26

3.0

29

Ay=-1
+Vour (RL=50Q) T~~~
1 N
—— +Vour (RL=1000) —
| 1Vourl (Re= 1000) Y
7 —~
//
Vour! (Re= 500)
4
50 0 425 450 475 4100 +125

TEMPERATURE (°C)

FIGURE 39. OUTPUT VOLTAGE vs TEMPERATURE

Ay =+2

IN
ovVTO

0.5v

out

ovVTO
v

20ns/DIV

FIGURE 41. UNCLAMPED PERFORMANCE

Ay=H+1

N
o
o

N
(=3
o

-
o
o

g

Vg

CLAMP ACCURACY (mV)

VHV

o
o

—T

200 300 400 500
OVERDRIVE (% OF Vy)

FIGURE 43. Vy CLAMP ACCURACY vs OVERDRIVE

50 L 130
E 40 110 ‘:E
£ 30 %0 g
8 =
g &
g 20 N 3
> N o
i " i
= (7]
o ma WHHIET ]
z N » 3

10 ~ 50

I~ INI
0 30
0.1 1 10 100
FREQUENCY (kHz2)

IN
ovVTO
v

ouTt
ovTO
v

250

200

150

100

CLAMP ACCURACY (mV)

50

FIGURE 40. INPUT NOISE CHARACTERISTICS

20ns/DIV

FIGURE 42. CLAMPED PERFORMANCE

V, =500mV

/ v =1V

w4

/ / V=2V
7

"

—

//,_ =100mV

L A1
700 5&')/300 300 500

OVERDRIVE (% OF V)

FIGURE 44. V| CLAMP ACCURACY vs OVERDRIVE

2-159

OPERATIONAL
AMPLIFIERS




HFA1113

Typical Performance Curves VsuppLy = 35V, Tp = +25°C, R = 100Q, Unless Otherwise Specified (Continued)
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Typical Performance Curves VsuppLy = #5V. T = +25°C, R = 100Q, Unless Otherwise Specified (Continued)
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HFA1114

Ultra High Speed
Programmable Gain Buffer Amplifier

% SEMICONDUCTOR

July 1995

Features Description

* Access to Summing Node Allows Circuit Customization

¢ User Programmable For Closed-Loop Gains of +1, -1
or +2 Without Use of External Resistors

The HFA1114 is.a closed loop Buffer featuring user program-
mable gain and ultra high speed performance. Manufactured
on Harris’ proprietary complementary bipolar UHF-1 pro-
cess, the HFA1114 offers a wide -3dB bandwidth of 850MHz,

e Wide-3dBBandwidth ........c.ocevevenn. 850MHz very fast slew rate, excellent gain flatness, low distortion and
high output current.
e VeryFastSlewRate .................... 2400V/us g P
. . A unique feature of the pinout allows the user to select a
* FastSettling Time (0.1%) ........covueenrn.n. 1nS  \qitage gain of +1, -1, or +2, without the use of any external
e HighOutputCurrent .........cccvvveuvnnnn. 60mA components. Gain selection is accomplished via connec-
. tions to the inputs, as described in the “Application Informa-
* Excellent Gain Accuracy................... 0.99V/V  tion” section. The result is a more flexible product, fewer part
e Overdrive Recovery..........eovveennnnnnns <ions typesininventory, and more efficient use of board space.

Compatibility with existing op amp pinouts provides flexibility
to upgrade low gain amplifiers, while decreasing component
count. Unlike most buffers, the standard pinout provides an
upgrade path should a higher closed loop gain be needed at
a future date.

¢ Standard Operational Amplifier Pinout

Applications

* RF/IF Processors

For applications requiring a standard buffer pinout, please
refer to the HFA1110 datasheet.

¢ Driving Flash A/D Converters
¢ High Speed Communications

¢ Impedance Transformation Orderin g Information

 Line Driving
o X PART TEMPERATURE
¢ Video Switching and Routing NUMBER RANGE PACKAGE
¢ Radar Systems HFA1114IP -40°C to +85°C | 8 Lead Plastic DIP
* Medical Imaging Systems HFA1114IB -40°C to +85°C | 8 Lead Plastic SOIC (N)
Pinout Pin Descriptions
HFA1114 PIN
(PDIP, SOIC) NAME NUMBER DESCRIPTION
TOP VIEW
NC 1,8 No Connection
7 -IN 2 Inverting Input
ne [1] 300 8] NC g e
300 +IN 3 Non-Inverting Input
N 2wy [7] v+ ,
T V- 4 Negative Supply
+IN E E our SN 5 Summing Node
v [4] 5] s out 6 Output
V+ 7 Positive Supply

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1995 2.162
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Specifications HFA1114

Absolute Maximum Ratings Operating Conditions

Voltage BetweenV+and V- . ...................... ... .. 12V Operating Temperature Range

DC INPUt VORAGE - .. ..o eeeeeeeiaee e VsuppLy HFATHAL .o -40°C < Tp < +85°C
Differential Input Voltage ............. ... ... ............ 5V Storage Temperature .................... -65°C < Tp < +150°C
OutputCurrent . . ... ... i 60mA  Thermal Resistance (°C/W) 17N
Junction Temperature (DieOnly) .. ................... +175°C Plastic DIPPackage ..................couuuenn 130
Junction Temperature (Plastic Package) ............... +150°C SOICPackage. . .........oovvivunnneiunnnennn. 170
Lead Temperature (Soldering 10s). . .................. +300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vvgypp y = 5V, Ay = +1, R_ = 100Q, Unless Otherwise Specified

HFA11141
PARAMETER TEMP. MIN TYP I MAX UNITS
INPUT CHARACTERISTICS
Output Offset Voltage +25°C - 8 25 mv
Full - - 35 mV
Output Offset Voltage Drift Full - 10 - Yo}
PSRR +25°C 39 45 - dB
Full 35 - - dB
Input Noise Voltage (100kHz) +25°C - 9 - nVAHz
Non-Inverting Input Noise Current (100kHz) +25°C - 37 - pANHz
Non-Inverting Input Bias Current +25°C - 25 40 A
Full - - 65 HA
Non-Inverting Input Resistance +25°C 25 50 - kQ
Inverting Input Resistance +25°C 240 300 360 Q
Input Capacitance (Either Input) +25°C - 2 - pF
Input Common Mode Range Full +2.5 +2.8 - \"
TRANSFER CHARACTERISTICS
Gain (Ay = +1, Vi = +2V) +25°C 0.980 0.990 1.02 \4%
Full 0.975 - | 1025 VNV
Gain (Ay = +2, Vjy = +1V) +25°C 1.96 1.98 2.04 VN
Full 1.95 - 2.05 VN
DC Non-Linearity (Ay = +2, +2V Full Scale) +25°C - 0.02 - %
OUTPUT CHARACTERISTICS
Output Voltage (Ay = -1) +25°C +3.0 +3.3 -
Full +2.5 +3.0 - \
Output Current (Ay = -1, R = 50Q) +25°C, +85°C 50 60 - mA
-40°C 35 50 - mA
DC Closed Loop Output Impedance (Ay = +2) +25°C - 0.3 - Q
POWER SUPPLY CHARACTERISTICS
Supply Voltage Range Full +4.5 - +5.5 Vv
Supply Current +25°C - 21 26 mA
Full - - 33 mA
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Specifications HFA1114

Electrical Specifications Vgypp y =5V, Ay = +1, R_ = 100Q, Unless Otherwise Specified (Continued)

HFA11141
TEMP. MIN [ TYP L MAX UNITS

AC CHARACTERISTICS
-3dB Bandwidth (Vo = 0.2Vp.p) Ay =-1 +25°C - 800 - MHz

Ay =+1 +25°C - 850 - MHz

Ay =+2 +25°C - 550 - MHz
Slew Rate (Voyt = 5Vp.p) Ay =-1 +25°C - 2400 - Vips

Ay =41 +25°C - 1500 - Vips

Ay =+2 +25°C - 1900 - Vius
Full Power BW (5Vp.p, Ay = +2) +25°C - 220 - MHz
Gain Flatness (to 30MHz, Ay = +2) +25°C - +0.015 - dB
Gain Flatness (to 100MHz, A, = +2) +25°C - +0.07 - dB
2nd Harmonic Distortion (50MHz, Voyt = 2Vp.p) +25°C - -53 - dBc
3rd Harmonic Distortion (S0MHz, Vot = 2Vp.p) +25°C - -68 - dBc
3rd Order Intercept (100MHz, Ay = +2) +25°C - 28 - dBm
1dB Compression (100MHz, Ay = +2) +25°C - 19 - dBm
Rise Time (Voyr = 0.5V Step) Ay =+2 +25°C - 700 - ps

Ay = +1 +25°C - 480 - ps
Overshoot (Voyr = 0.5V Step, Ay = +2) +25°C - 6 - %
0.1% Settling (Voyt = 2V to 0V) +25°C - 11 - ns
0.05% Settling (Voyt = 2V to 0V) +25°C - 15 - ns
Overdrive Recovery Time +25°C - 85 - ns
Differential Gain Ay =+1,3.58MHz, +25°C - 0.03 - %

R_ = 150Q

Ay =+2, 3.58MHz, +25°C - 0.02 - %

RL = 150Q
Differential Phase Ay =+1,3.58MHz, +25°C - 0.05 - Degrees

R, =150Q

Ay =+2,3.58MHz, +25°C - 0.04 - Degrees

R, = 150Q
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Application Information
Closed Loop Gain Selection

The HFA1114 features a novel design which allows the user
to select from three closed loop gains, without any external
components. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

This “buffer” operates in closed loop gains of -1, +1, or +2, and
gain selection is accomplished via connections to the tinputs.
Applying the input signal to +IN and floating -IN selects a gain
of +1, while grounding -IN selects a gain of +2. A gain of -1 is
obtained by applying the input signal to -IN with +IN grounded.

The table below summarizes these connections:

GAIN CONNECTIONS
(Acr) +INPUT (PIN 3) -INPUT (PIN 2)
-1 GND Input
+1 Input NC (Floating)
+2 Input GND
PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
(0.1pF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the input
and output of the device. Capacitance directly on the output must
be minimized, or isolated as discussed in the next section.

For unity gain applications, care must also be taken to minimize
the capacitance to ground seen by the amplifier’s inverting
input. At higher frequencies this capacitance will tend to short
the -INPUT to GND, resulting in a closed loop gain which
increases with frequency. This will cause excessive high
frequency peaking and potentially other problems as well.

An example of a good high frequency layout is the Evalua-
tion Board shown in Figure 2.
Driving Capacitive Loads

Capacitive loads, such as an AD input, or an improperly
terminated transmission line will degrade the amplifier's phase
margin resulting in frequency response peaking and possible

oo =4+1
or OKEA(VAV = +)2)

R ~ f f
. E 0. 1pF 10pF

500 2

IN 3 EHM—-‘ out
3 5] ¥—o V.
10pF 0.1pF: GND

-5V GND

oscillations. In most cases, the oscillation can be avoided by plac-
ing a resistor (Rg) in series with the output prior to the capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C; combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a
point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C, form a low pass network at the output, thus lim-
iting system bandwidth well below the amplifier bandwidth
of 850MHz. By decreasing Rg as Cjincreases (as illus-
trated in the curves), the maximum bandwidth is obtained
without sacrificing stability. Even so, bandwidth does
decrease as you move to the right along the curve. For
example, at Ay = +1, Rg = 50Q, C; = 30pF, the overall
bandwidth is limited to 300MHz, and bandwidth drops to
100MHz at Ay = +1, Rg = 5Q, C|_ = 340pF.

50 L1

45 11
40 Ay =+1

30 1

Rs ()
[~
(7]

15 L

5 |Ay=+2
0 40 80

| |
120 160 200 240 280 320 360 400
LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs.
LOAD CAPACITANCE

Evaluation Board
The performance of the HFA1114 may be evaluated using
the HFA11XX Evaluation Board, slightly modified as follows:

1. Remove the 5000 feedback resistor (R2), and leave the
connection open.
2. a. For Ay = +1 evaluation, remove the 500Q gain setting
resistor (R1), and leave pin 2 floating.
b. For Ay = +2, replace the 50092 gain setting resistor with
a 0Q resistor to GND.
3. Isolate Pin 5 from the stray board capacitance to minimize
peaking and overshoot.
The layout and modified schematic of the board are shown in
Figure 2.

To order evaluation boards, please contact your local sales office.

TOP LAYOUT BOTTOM LAYOUT

FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT
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Die Characteristics

DIE DIMENSIONS:
63 x 44 x 19 £ 1mils
1600pm x 1130um x 483um + 25.4um

METALLIZATION:
Type: Metal 1: AiCu(2%)/TiW Type: Metal 2: AlCu(2%),
Thickness: Metal 1: 8kA +0.4kA  Thickness: Metal 2: 16kA + 0.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA £ 0.5kA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SQIC
Gold Eutectic - Ceramic DIP

WORST CASE CURRENT DENSITY:
2.12 x 105 A/em? at 50mA

TRANSISTOR COUNT: 52
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1114

out
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SEMICONDUCTOR

HFA1115

High-Speed, Low Power, Output
Limiting, Closed Loop Buffer Amplifier

&

July 1995
Features Description
¢ User Programmable Output Voltage Limiting The HFA1115 is a high speed closed loop Buffer featuring both
" user programmable gain and output limiting. Manufactured on
¢ High Inputimpedance....................... 1MQ Harris' proprietary complementary bipolar UHF-1 process, the
* Differential Gain.............c.coeeveneennn. 0.02% HFA1115 also offers a wide -3dB bandwidth of 225MHz, very
fast slew rate, excellent gain flatness and high output current.
 Differential Phase........................ 0.03Deg. g 9 P
. . This buffer is the ideal choice for high frequency applications
* Wide -3dB Bandwidth (Ay = +2) ............ 225MHz requiring output limiting, especially those needing ultra fast
* Very Fast Slew Rate (Ay=-1) ............. 1135V/us overload recovery times. The limiting function allows the
designer to set the maximum positive and negative output lev-
* Low Supply Current................oocvnnns 7.AmMA g5, thereby protecting later stages from damage or input satu-
o HighOutput Current ..........cocvuuneernn... 60mA ration. The HFA1115 also allows for voltage gains of +2, +1,
. and -1, without the use of external resistors. Gain selection is
* Excellent Gain Accuracy................... 0.99V/V  accomplished via connections to the inputs, as described in

User Programmable For Closed-Loop Gains of +1, -1
or +2 Without Use of External Resistors

Fast Overdrive Recovery. ...........ccovvvnnn <1ins

Standard Operational Amplifier Pinout

Applications

¢ Flash A/D Drivers

* Video Cable Drivers

¢ High Resolution Monitors

¢ Professional Video Processing

¢ Medical Imaging

¢ Video Digitizing Boards/Systems

« Battery Powered Communications

the “Application Information” text. The result is a more flexible
product, fewer part types in inventory, and more efficient use
of board space.

Compatibility with existing op amp pinouts provides flexibility
to upgrade low gain amplifiers, while decreasing component
count. Unlike most buffers, the standard pinout provides an
upgrade path, should a higher closed loop gain be needed at
a future date. For Military product, refer to the HFA1115/883
data sheet.

Ordering Information

PART TEMPERATURE
NUMBER RANGE PACKAGE
HFA1115IP -40°C to +85°C | 8 Lead Plastic DIP
HFA1115IB -40°C to +85°C | 8 Lead Plastic SOIC (N)

Pinout

HFA1115
(PDIP, SOIC)
TOP VIEW

Ne [1 :20
o [T
+N 3]
v

ol
v
(6] our
v,

Pin Descriptions

NAME PIN NUMBER DESCRIPTION

NC 1 No Connection

-IN 2 Inverting Input

+IN 3 Non-Inverting Input
V- 4 Negative Supply
Vi 5 Lower Output Limit

ouT 6 Output

V+ 7 Positive Supply

Vy 8 Upper Output Limit

OPERATIONAL
AMPLIFIERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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Specifications HFA1115

Absolute Maximum Ratings

Voltage Between V+and V- . ............. ... ... ... 11V
DCinputVoltage ...................c.o.ociiina. VsuppLy
Output Current(Note 1) ................ Short Circuit Protected
Junction Temperature (DieOnly) . .................ue. +175°C
Junction Temperature (Plastic Package) ............... +150°C
ESDRating.........ooiiiniiiiii it TBD
Lead Temperature (Soldering 10s).................... +300°C

(SOIC - Lead Tips Only)

Operating Conditions

Operating Temperature Range .. ........... -40°C < Tp < +85°C

Storage Temperature Range. . ............. -65°C < Ty < +150°C

Thermal Package Characteristics (°C/W) 6a
Plastic DIP. . ... 130
SOIC . e 170

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppry = 5V, Ay = +1, R_ = 1009, Unless Otherwise Specified

(NOTE 2) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN l TYP I MAX UNITS
INPUT CHARACTERISTICS
Output Offset Voitage A +25°C - 2 10 mv
A Full - 3 15 mv
Average Output Offset Voltage Drift B Full - 22 70 uvrec
Common-Mode Rejection Ratio AVey =11.8V A +25°C 42 45 - dB
AVgy =+1.8V A +85°C 40 44 - dB
AVey =11.2V A -40°C 40 45 - dB
Power Supply Rejection Ratio AVpg =+1.8V A +25°C 45 49 - dB
AVpg = +1.8V A +85°C 43 48 - dB
AVpg =+1.2V A -40°C 43 48 - dB
Non-Inverting input Bias Current A +25°C - 1 15 pA
A Full - 3 25 pA
Non-Inverting Input Bias Current Drift B Full - 30 80 nAr°C
Non-inverting Input Resistance AVpy =11.8V A +25°C 0.8 11 - MQ
AVgy =11.8V A +85°C 0.5 1.4 - MQ
AVgy =1.2V A -40°C 0.5 1.3 - MQ
Inverting Input Resistance [o] +25°C 280 350 420 Q
Input Capacitance (Either Input) (o] +25°C - 1.6 - pF
Input Voltage Common Mode Range A +25°C, +85°C | +1. 2.4 - v
(Implied by Vio CMRR and +R;y Tests) A 20°C 12 7 N v
Input Noise Voltage Density (f = 100kHz) B +25°C - 7 - nVAHz
Non-Inverting input Noise Current Density (f = 100kHz) B +25°C - 3.6 - pANHz
TRANSFER CHARACTERISTICS
Gain Ay =-1 A +25°C -0.98 | -0.996 | -1.02 VN
A Full -0.975 | -1.000 | -1.025 VN
Ay =+1 A +25°C 0.98 0.992 1.02 VN
A Full 0.975 0.993 1.025 VN
Ay =+2 A +25°C 1.96 1.988 2.04 VN
A Full 1.95 1.990 2.05 VN
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Specifications HFA1115

Electrical Specifications Vgyppy = 25V, Ay = +1, R, = 1009, Unless Otherwise Specified (Continued)

(NOTE 2) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN | TYP I MAX UNITS
AC CHARACTERISTICS
-3dB Bandwidth Ay =-1 B +25°C - 225 - MHz
Vour =0.2Vp.p) Ay = +1, B +25°C - 170 - MHz
+Rg = 6200
Ay =+2 B +25°C - 225 - MHz
Full Power Bandwidth Ay = -1 B +25°C - 157 MHz
%’i 2‘5)\/\7‘: & f" =2, A=+, B +25°C - 140 - MHz
+Rg = 620Q
Ay = +2 B +25°C - 125 MHz
Gain Flatness Ay = +1, B +25°C - +0.1 dB
(to 25MHz, Vour = 0.2Vp.p) +Rg = 6200
Ay =+2 B +25°C - +0.04 - dB
Gain Flatness Ay = +1, B +25°C - +0.25 - dB
(to 50MHz, Vg = 0.2Vpp) +Rg = 620Q
Ay =+2 B +25°C - +0.1 - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing A +25°C +3.0 3.2 -
Av=-"1 A Full +28 | 3.0 -
Output Current A +25°C, +85°C 50 55 mA
(A =-1, R =500) A -40°C 28 42 - mA
Output Short Circuit Current B +25°C - 90 - mA
DC Closed Loop Output Impedance (Ay = +2) B +25°C - 0.07 - Q
Second Harmonic Distortion 10MHz B +25°C - -50 - dBc
(Av=+2.Vour = 2Vp.p) 20MHz B +25°C - 45 - dBe
Third Harmonic Distortion 10MHz B +25°C - -50 - dBc
(Av =42, Vour = 2Ve-p) 20MHz B +255C - 45 - dBc
TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified
Rise and Fall Times Rise Time B +25°C - 1.7 - ns
Vour =0.5Ve-p) Fall Time B +25°C - 19 - ns
Overshoot +0S B +25°C - 0 - %
(Vout = 0.5Vp.p, Vi trisg = 2.5ns) 05 P T25%C - 0 - =
Slew Rate +SR B +25°C - 1660 - Vius
Vour =8Ve.p. Ay =-1) -SR B +25°C - 1135 - Vips
Slew Rate +SR B +25°C - 1125 - Vius
Vour = 4Vp.p: Ay = +1, +Rs = 6200) SR B +25°C ; 800 ; Vips
Slew Rate +SR B +25°C - 1265 Vius
Vour = 5Ve.p, Ay = +2) SR B +25°C - 870 - Vius
Settling Time T00.1% B +25°C - 15 ns
(Vour = +2V10 0V step) To 0.05% B 125°C - 20 ns
To 0.02% B +25°C - 30 - ns
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Specifications HFA1115

Electrical Specifications Vgyppy = $5V, Ay = +1, R_ = 100Q, Unless Otherwise Specified (Continued)

(NOTE 2) ALL GRADES
TEST

PARAMETER LEVEL TEMP MIN TYP MAX UNITS
VIDEO CHARACTERISTICS )
Differential Gain (f = 3.58MHz, Ay = +2, R = 150Q) B +25°C - 0.02 - %
Differential Phase (f = 3.58MHz, Ay = +2, R = 150Q) B +25°C - 0.03 - Degrees
POWER SUPPLY CHARACTERISTICS
Power Supply Range [o] +25°C 45 - | 55 +V
Power Supply Current A +25°C 6.6 6.9 74 mA

A Full - 74 7.3 mA

Non-Inverting Input Bias Current Power Supply Sensitivity A +25°C - 0.5 1 nAN
(AVpg =+1.25V) x ol - - 3 TAN
OUTPUT LIMITING CHARACTERISTICS Ay = +2, Vi = +1V, V| = -1V, Unless Otherwise Specified
Clamp Accuracy (Vi = 1.6V, Ay =-1) A Full -125 -70 125 mVv
Overdrive Recovery Time (Vi = +1V) B +25°C - 0.8 - ns
Negative Clamp Range B +25°C -5.0 to +2.0 \'
Positive Clamp Range B +25°C -2.0t0 +5.0 \
Clamp Input Bias Current A Full - 85 200 pA
Clamp Input Bandwidth (87 +25°C - 100 - MHz

NOTES:
1. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty
cycle) output current should not exceed 30mA for maximum reliability.
2. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only.
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HFA1115

Die Characteristics

DIE DIMENSIONS:
59 x 58.2 x 19 £+ 1mils
1500pum x 1480pum + 25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AICu(2%)
Thickness: Metal 1: 8kA £ 0.4kA  Thickness: Metal 2: 16kA + 0.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.5kA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

TRANSISTOR COUNT: 89
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1115

e L
5074SR0S

-
-

s
L=
—

=]

+IN

Vh

V+

out

2-171

B

OPERATIONAL
AMPLIFIERS




HFA1115

Application Information
Closed Loop Gain Selection

The HFA1115 features a novel design which allows the user
to select from three closed loop gains, without any external
components. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

This “buffer” operates in closed loop gains of -1, +1, or +2, and
gain selection is accomplished via connections to the tinputs.
Applying the input signal to +IN and floating -IN selects a gain
of +1 (see next section for layout caveats), while grounding -IN
selects a gain of +2. A gain of -1 is obtained by applying the
input signal to -IN with +IN grounded.

The table below summarizes these connections:

GAIN CONNECTIONS

(AcL) +INPUT (PIN 3) -INPUT (PIN 2)
-1 GND Input
+1 Input NC (Floating)
+2 Input GND

Unity Gain Considerations

Unity gain selection is accomplished by floating the -Input of
the HFA1115. Anything that tends to short the -Input to GND,
such as stray capacitance at high frequencies, will cause the
amplifier gain to increase toward a gain of +2. The result is
excessive high frequency peaking, and possible instability.
Even the minimal amount of capacitance associated with
attaching the -Input lead to the PCB results in approximately
3dB of gain peaking. At a minimum this requires due care to
ensure the minimum capacitance at the -Input connection.

Table 1 lists five alternate methods for configuring the
HFA1115 as a unity gain buffer, and the corresponding
performance. The implementations vary in complexity and
involve performance trade-offs. The easiest approach to
implement is simply shorting the two input pins together, and
applying the input signal to this common node. The amplifier
bandwidth drops from 400MHz to 200MHz, but excellent
gain flatness is the benefit. Another drawback to this
approach is that the amplifier input noise voltage and input
offset voltage terms see a gain of +2, resulting in higher
noise and output offset voltages. Alternately, a 100pF
capacitor between the inputs shorts them only at high
frequencies, which prevents the increased output offset
voltage but delivers less gain flatness.

Another straightforward approach is to add a 620Q resistor
in series with the positive input. This resistor and the
HFA1115 input capacitance form a low pass filter which rolls
off the signal bandwidth before gain peaking occurs. This
configuration was employed to obtain the datasheet AC and
transient parameters for a gain of +1.

PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10uF) tantalum in parallel with a small value
(0.1pF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Capacitance directly on the
output must be minimized, or isolated as discussed in the
next section.

For unity gain applications, care must also be taken to
minimize the capacitance to ground seen by the amplifier’s
inverting input. At higher frequencies this capacitance will
tend to short the -INPUT to GND, resulting in a closed loop
gain which increases with frequency. This will cause
excessive high frequency peaking and potentially other
problems as well.

An example. of a good high frequency layout is the
Evaluation Board shown in Figure 1.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier's
phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Rg and C|_ form a low pass network at the output, thus limit-
ing system bandwidth well below the amplifier bandwidth of
225MHz. By decreasing Rg as Cjincreases the maximum
bandwidth is obtained without sacrificing stability.

TABLE 1. UNITY GAIN PERFORMANCE FOR VARIOUS IMPLEMENTATIONS

+0.1dB GAIN FLATNESS
APPROACH PEAKING (dB) BW (MHz) +SR/-SR (V/us) (MHz)
Remove Pin 2 25 400 1200/850 20
+Rg = 620Q 0.6 170 1125/800 25
+Rg = 620Q and Remove Pin 2 0 165 1050/775 65
Short Pins 2, 3 0 200 875/550 45
100pF cap. between pins 2, 3 0.2 190 900/550 19
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Evaluation Board

The performance of the HFA1115 may be evaluated using
the HFA11XX Evaluation Board, slightly modified as follows:

1. Remove the 50022 feedback resistor (R2), and leave the
connection open.
2. a. For Ay = +1 evaluation, remove the 500Q gain setting
resistor (R1), and leave pin 2 floating.
b. For Ay = +2, replace the 50012 gain setting resistor with
a 0Q resistor to GND.

oo (Ay = +1)
or 0Q (Ay = +2)

Vh
1 - :——J 3
i 8 0.1uF 104F
50Q 2 'ﬂ—I—T—cusv
500
IN 3 3 out
. s E]—o '
10uF7s 0.1uF; gﬂ GND
V $ 5V GND

The layout and modified schematic of the board are shown
in Figure 1.

To order evaluation boards, please contact your local sales
office.

BOTTOM LAYOUT

TOP LAYOUT

FIGURE 1. EVALUATION BOARD SCHEMATIC AND LAYOUT
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@ HARRIS HFA1118, HFA1119

ADVANCE INFORMATION Programmable Gain Video Buffers with Output

June 1995 Limiting and Output Disable
Features Description
¢ User Programmable For Closed Loop Gains of +1, or The HFA1118, and HFA1119 are high speed, low power, closed
+2 Without Use of External Resistors loop buffers built with Harris’ proprietary complementary bipolar

UHF-1 process. Both buffers allow for selection of voltage gains
of +2 and +1, without the use of external gain setting resis-

User Programmable Output Limiting (HFA1119)

¢ Standard Operational Amplifier Pinout tors.
* Excellent Gain Accuracy...................... +0.5% The HFA1119 is the ideal choice for high frequency applica-
. tions requiring output limiting, especially those needing ultra
* Wide -3dB Bandwidth (Ay=+2) ............ 500MHz (a5t overioad recovery times. For added flexibility, the
e Gain Flatness (to 250MHz) ................... +0.5dB HFA1119 also features an active low, TTL/CMOS compatible
disable input, which when activated forces the output to a high
¢ Very Fast Slew Rate (Ay=+2)............. 1200V/us impedance state, and reduces supply current.
« Differential Gain/Phase............ 0.02%/0.02 Deg The HFA1118 features a TTL/CMOS compatible output dis-
o Fast Output Enable/Disable .................. 1ons able pin which is user programmable for polarity (active high

or low). This feature eliminates the inverter required
: : between amplifiers in multiplexer configurations. The ultra-
Applications fast (10ns) enable and disable times make the HFA1118 and
« Flash A/D Drivers HFA1119 the obvious choices for pixel switching and other
. high speed multiplexing applications.
¢ Video Cable Drivers

¢ Professional Video Processing Ordering Information

¢ Medical Imaging

PART TEMPERATURE
¢ PC Multimedia Systems NUMBER RANGE PACKAGE
« Video Pixel Switching HFA1118IP, HFA1119IP -40°C to +85°C |8 Lead Plastic DIP
. HFA1118IB, HFA1119IB | -40°C to +85°C |8 Lead Plastic SOIC (N)
* Oscilloscopes and Analyzers

Pinouts
HFA1118 HFA1118 PIN DESCRIPTIONS
P
‘T'(’,'S\ﬁgcﬁ’ PIN NAME DESCRIPTION

Opt. Gnd Optional GND. Maintains Disable Pin TTL Compat-
ibility with Asymmetrical Supplies (e.g. +10V, 0V)

A od
OPT. GND [7] 300 8] DiSmis

300 Polarity Set | Defines Polarity of Disable Input. High or Floating
-IN [Z] j v+ Selects Active Low Disable (i.e. DIS).
+N [3] €] our DIS/DIS | TTL Compatible Disable input. Output is Driven
v-[4] 5] POLARITY SET to a True Hi-Z State When Active. Polarity de-
pends on state of Polarity Set Pin.
HFA1119
(PDIP, SOIC)
TOP VIEW HFA1118 DISABLE FUNCTIONALITY
\J POLARITY SET (PIN 5) | DISABLE (PIN 8) | OUTPUT (PIN 6)
DISABLE [1 300 T8lvy, - -
300 High or Float High or Float Enabled
N 2] (7] v+ - -
High or Float Low Disabled
N E E our Low High or Float Disabled
v [4] 5] v Low Low Enabled
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4020
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@D HARRIS HFA1135

High-Speed, Low Power, Video Operational

July 1995 Ampllflel’ with 0utput lelting
Features Description
* User Programmable Output Voltage Limiting The HFA1135 is a high speed, low power current feedback
* Fast Overdrive Recovery...............c.ovune <ins amplifier build with Ha.rns prop rietary complementary bipo-
lar UHF-1 process. This amplifier features user programma-
e LowSupplyCurrent...................0ut 6.8mA  ble output limiting, via the Vi and V|_pins.
* High Inputimpedance....................... 2MQ  The HFA1135 is the ideal choice for high speed, low power
o Wide -3dB Bandwidth . .. ....ooouoreennn.. 360MHz applications requiring output limiting (e.g. flash A/D drivers),
especially those requiring fast overdrive recovery times. The
* VeryFastSlewRate..................... 1200V/us  [imiting function allows the designer to set the maximum and
* Gain Flatness (to50MHz) ................. +0.07dB minimum output levels to protect downstream stages from
. . . ,, damage or input saturation. The sub-nanosecond overdrive
* Differential Gain............ frrerermrereers 0.02% recovery time ensures a quick return to linear operation fol-
* Differential Phase....................... 0.04 Deg. lowing an overdrive condition.
¢ Pin Compatible Upgrade to CLC501 and CLC502 Component and composite video systems also benefit from
this operational amplifier’s performance, as indicated by the
Applications gain flatness, and differential gain and phase specifications.
« Flash A/D Drivers The HFA1135 is a low power, high performance upgrade for

the CLC501 and CLC502.
* High Resolution Monitors

* Professional Video Processing Ordering Information
¢ Video Digitizing Boards/Systems

) | PART TEMPERATURE
* Multimedia Systems NUMBER RANGE PACKAGE
* RGB Preamps HFA11351P -40°C 10 +85°C | 8 Lead Plastic DIP
¢ Medical Imagin
ging HFA1135IB -40°C to +85°C 8 Lead Plastic SOIC (N)
* Hand Held and Miniaturized RF Equipment
* Battery Powered Communications
Pinout
HFA1135
(PDIP, SOIC)
TOP VIEW
7
ne [4] 3] vu
-N [2] [7] v+
+N 3] 6] out
v-[3] g}
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3653_1
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Specifications HFA1135

Absolute Maximum Ratings Operating Conditions

Voltage Between V+and V- ...ttt 11V . Operating Temperature Range . ............ -40°C < Tp < +85°C
DCInputVolage ............oiiiviuineennnenninns Vguppiy  Storage Temperature Range.............. -65°C < Tp < +150°C
Differential InputVoltage ............................... 8V Package Thermal Characteristics 6a
OutputCurrent (Note 2) ................ Short Circuit Protected PlasticDIP . ... ... ittt 130°C/W
30mA Continuous SOIC vttt e 170°CW
60mA < 50% Duty Cycle
Junction Temperature (DieOnly) . ...............c.c.. +175°C
Junction Temperature (Plastic Package) ............... +150°C
ESDRating. ......ccovvviiiiiiiiiiiiiiiiii i >2000V
Lead Temperature (Soldering 10s). .. ...........c...... +300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indi in the

of this specification is not implied.

Electrical Specifications VgyppLy =15V, Ay = +1, Re = 510Q (Note 3), R = 1002, Unless Otherwise Specified

(NOTE1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN r TYP L MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 mVv
A Full - 3 8 mV
Average Input Offset Voltage Drift B Fuil - 1 10 uvree
Input Offset Voltage AVey =+1.8V A +25°C 47 50 - dB
Common-Mode Rejection Ratio
AVgy=11.8V A +85°C 45 48 - dB
AVgy=11.2V A -40°C 45 48 - dB
Input Offset Voltage AVpg =11.8V A +25°C 50 54 - dB
Power Supply Rejection Ratio
PPly el AVpg = 1.8V A +85°C 47 50 - dB
AVpg =+1.2V A -40°C 47 50 - dB
Non-Inverting Input Bias Current A +25°C - 6 15 HA
A Full - 10 25 nA
Non-inverting Input Bias Current Drift B Full - 5 60 nA/C
Non-Inverting Input Bias Current AVpg =+1.8V A +25°C - 0.5 1 HAN
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 0.8 3 Y
AVpg =+1.2V A -40°C - 0.8 3 pANV
Non-Inverting Input Resistance AVgy =11.8V A +25°C 0.8 2 - MQ
AVey =+1.8V A +85°C 0.5 1.3 - MQ
AVey =112V A -40°C 0.5 1.3 - MQ
Inverting Input Bias Current A +25°C - 2 75 pA
A Full - 5 15 pA
Inverting Input Bias Current Drift B Full - 60 200 nA/°C
Inverting Input Bias Current AV =11.8V A +25°C - 3 6 nANV
Common-Mode Sensitivity
AVgy =+1.8V A +85°C - 4 8 HANV
AVey =112V A -40°C - 4 8 pANV
Inverting Input Bias Current AVpg =11.8V A +25°C - 2 5 pANV
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 4 8 pANV
AVpg =11.2V A -40°C - 4 8 pANV
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Specifications HFA1135

Electrical Specifications Vg pp y =5V, Ay = +1, Re = 510Q (Note 3), R, = 1002, Unless Otherwise Specified (Continued)
(NOTE1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN TYP MAX UNITS
Inverting Input Resistance [o] +25°C - 40 - Q
Input Capacitance (Either Input) (e} +25°C - 1.6 - pF
Input Voltage Common Mode Range A +25°C, +85°C +1.8 $2.4 - "
(Implied by V\o CMRR, +R)y, and -Igjag CMS tests) A 205 12 ey - v
Input Noise Voltage Density (f = 100kHz) B +25°C - 3.5 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz) B +25°C - 25 - pANHZ
Inverting Input Noise Current Density (f = 100kHz) B +25°C - 20 - pANHz
TRANSFER CHARACTERISTICS
Open Loop Transimpedance Gain (Ay = -1) I C I +25°C J - I 500 I - l kQ T
A.C. CHARACTERISTICS Ay = +2, Rg = 2509, Unless Otherwise Specified ; 2
-3dB Bandwidth (Vour = 0.2Vp.p) Ay = +1, Rg = 1.5kQ B +25°C - 660 - MHz 8 E
Ay = +2, Rg = 250Q B +25°C - 360 - MHz E §
Ay = +2, Rg = 330Q B +25°C - 315 - MHz % <
Ay =-1, Rg = 330Q B +25°C - 290 - MHz
Full Power Bandwidth Ay =+1, Rg = 1.5kQ B +25°C - 90 - MHz
9\/,2”: :ti\‘l,":jt)A" =+, Ay = +2, Rg = 2500 B +25°C - 130 - MHz
Ay =-1, Rg = 330Q B +25°C - 170 - MHz
Gain Flatness Ay =+1, Rp = 1.5kQ B +25°C - 10.10 - dB
(to 25MHz Vour = 0.2Ve-p) Ay = +2, Rg = 250Q B +25°C - +0.02 - )
Ay = +2, Rp = 330Q B +25°C - £0.02 - dB
Gain Flatness Ay = +1, Rg = 1.5kQ B +25°C - +0.22 - dB
(to 5OMHz Vour = 0-2Ve.) Ay = +2, Ry = 25002 B +25°C - | w007 | - dB
Ay = +2, Rg = 330Q B +25°C - +0.03 - dB
Minimum Stable Gain A Full - 1 - VN
OUTPUT CHARACTERISTICS Rg =510Q, Unless Otherwise Specified
Output Voltage Swing (Ay = -1, R = 100Q) A +25°C +3 +3.4 - )
A Full 2.8 +3 - v
Output Current (Ay = -1, R|_ = 50Q) A +25°C, +85°C 50 60 - mA
A -40°C 28 42 - mA
Output Short Circuit Current B +25°C - 90 - mA
DC Closed Loop Output Impedance (Ay = +2, Rg = 250Q) B +25°C - 0.07 - Q
Second Harmonic Distortion 10MHz B +25°C - -50 - dBc
(Av=+2, Re = 2500, Vour =2Ve-p) - Zon B +25°C - 45 - dBc
Third Harmonic Distortion 10MHz B | +25°C - -50 - dBc
(Av=+2, Re = 2500, Vour = 2Ve-p) - on B +25°C - 45 - dBe
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Specifications HFA1135

Electrical Specifications Vgyppy = 5V, Ay = +1, Re = 510Q (Note 3), R_ = 1002, Unless Otherwise Specified (Continued)

(NOTE1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN | TYP I MAX UNITS
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 250Q, Unless Otherwise Specified
Rise and Fall Times Rise Time B +25°C - 0.81 - ns
Vour = 0.5Ve.p) Fall Time B +25°C - 1.25 - ns
Overshoot (Note 4) +0S B +25°C - 3 - %
(VouT =010 0.5V, Viy trise = 2.5ns) o8 5 2550 - s - ”
Overshoot (Note 4) +0S B +25°C - 2 - %
(Vout =0.5Ve.p, ViN trisg = 2.5ns) o5 P 259G - o . "
Slew Rate +SR B +25°C - 875 - Vius
Vour=4Vep Av=+1. Re=15k2)  —1 B +25°C ; 510 - Vins
Slew Rate +SR B +25°C - 1530 - Vius
Vour=5Vep. Ay =+2,Re=2500)  — B +25°C ; 850 ; Vins
Slew Rate +SR B +25°C - 2300 - Vips
(Vour=5Vp.p Av=-1,Re=3300)  —o2 B +25°C . 1200 ; Vius
Settling Time T00.1% B +25°C - 15 - ns
(Vour = +2V 1o OV step) To 0.05% B +25°C - 20 - ns
To 0.02% B +25°C - 30 - ns
VIDEO CHARACTERISTICS Ay = +2, R = 250Q, Unless Otherwise Specified
Differential Gain (f = 3.58MHz) R, = 150Q B +25°C - 0.02 - %
R, =75Q B +25°C - 0.03 - %
Differential Phase (f = 3.58MHz) R_ = 150Q B +25°C - 0.04 - Degrees
‘ R =75Q B +25°C - 0.06 - Degrees
OUTPUT LIMITING CHARACTERISTICS Ay = +2, Rg = 250Q, V}; = +1V, V|_= -1V, Unless Otherwise Specified.
Clamp Accuracy (Vi = £2V, Ay = -1, Rg = 510Q) A Full -125 25 125 mV
Overdrive Recovery Time (Vyy =£1V) B +25°C - 0.8 - ns
Negative Clamp Range B +25°C -5.0 to +2.0
Positive Clamp Range B +25°C -2.0t0 +5.0
Clamp Input Bias Current A +25°C - 50 200 HA
A Full - 80 200 A
POWER SUPPLY CHARACTERISTICS
Power Supply Range C +25°C +4.5 - 5.5 Vv
Power Supply Current A +25°C 6.6 6.8 71 mA
Full 6.4 6.9 7.3 mA
NOTES:

1. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only.

2. Outputis short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle)
output current must not exceed 30mA for maximum reliability.

3. The optimum feedback resistor for the HFA1135 at Ay = +1 is 1.5kQ. The Production Tested parameters are tested with Rg = 510Q
because the HFA1135 shares test hardware with the HFA1105 amplifier.

4. Undershoot dominates for output signal swings below GND (e.g. 0.5Vp_p), yielding a higher overshoot limit compared to the
Vout = 0V to 0.5V condition.
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Die Characteristics

DIE DIMENSIONS:
59 x 58.2 x 19 + 1mils
1500pm x 1480um + 25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AICu(2%)
Thickness: Metal 1: 8kA +0.4kA  Thickness: Metal 2: 16kA +0.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA +0.5kA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

TRANSISTOR COUNT: 89
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout

HFA1135

+IN
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% SEMICONDUCTOR

HFA1145

High-Speed, Low Power, Current Feedback Video

July 1995 Operational Amplifier with Output Disable
Features Description
e LowSupplyCurrent.............ccvvvvnnnn 5.8mA The HFA1145 is a high speed, low power current feedback

High Input Impedance.......................

Pin Compatible Upgrade for CLC410

Applications

¢ Flash A/D Drivers

¢ Video Switching and Routing

* Professional Video Processing

¢ Video Digitizing Boards/Systems

* Wide -3dB Bandwidth .................... 330MHz This amplifier features a TTL/CMOS compatible disable con-
e VeryFastSlewRate..................... 1000V/us trol, pin 8, which when pulled low reduces the supply current
. and forces the output into a high impedance state. This

* Gain Flatness (to 75MHz) .................... $0.1dB  ;jows easy implementation of simple, low power video
e Differential Gain................ccouveennn 0.02% switching and routing systems. Component and composite
i video systems also benefit from this op amp’s excellent gain

* Differential Phase.................... 0.03Degrees faiess, and good differential gain and phase specifications.
* Output Enable/Disable Time............ 180ns/35ns  \yitiplexed A/D applications will also find the HFA1145 use-

amplifier built with Harris’ proprietary complementary bipolar
UHF-1 process.

ful as the A/D driver/multiplexer.

The HFA1145 is a low power, high performance upgrade for
the CLC410.

For Military grade product, please refer to the HFA1145/883
data sheet.

Ordering Information

i PART TEMPERATURE
¢ Multimedia Systems NUMBER RANGE PACKAGE
* RGB Preamps HFA1145|P -40°C to +85°C | 8 Lead Plastic DIP
¢ Medical Imaging HFA1145IB -40°C to +85°C | 8 Lead Plastic SOIC (N)
¢ Hand Held and Miniaturized RF Equipment
* Battery Powered Communications
Pinout
HFA1145
(PDIP, SOIC)
TOP VIEW
. v, o
ne [1] 8] DISABLE
N [2] (7] v+
+N [3] (6] out
v-[4] 5] Ne
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3955_1

Copyright © Harris Corporation 1995
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Specifications HFA1145

Absolute Maximum Ratings

Voltage Between V+and V- ... ... .. ... .. ooviii... 11V
DCinputVoltage ................................. VsuppLy
Differential Input Voltage ............................... 8V
Output Current (Note 2) . ............... Short Circuit Protected

Junction Temperature (DieOnly) . .................... +175°C
Junction Temperature (Plastic Package) ............... +150°C
ESDRating. ... >2000V
Lead Temperature (Soldering, 10s) ................... +300°C

(SOIC - Lead Tips Only)

Operating Conditions

Operating Temperature Range . . .. ......... -40°C < T, < +85°C

Storage Temperature Range. . ............. -65°C < Tp < +150°C

Thermal Package Characteristics (°C/W) A
Plastic DIP Package . ......................... 130
SOICPackage.................oiiuiiiiinnn. 170

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppy =25V, Ay = +1, Rg = 510Q, R = 100Q, Unless Otherwise Specified

(NOTEN1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE | MIN ] TYP I MAX | UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 mV
A Full - 3 8 mV
Average Input Offset Voltage Drift B Full - 1 10 uv/ec
Input Offset Voltage AV = £1.8V A +25°C 47 50 - dB
Common-Mode Rejection Ratio
AVgy = £1.8V A +85°C 45 48 - dB
AVgy=11.2V A -40°C 45 48 - dB
Input Offset Voltage AVpg =+1.8V A +25°C 50 54 - dB
Power Supply Rejection Ratio
AVpg =+1.8V A +85°C 47 50 - dB
AVpg =%1.2V A -40°C 47 50 - dB
Non-Inverting input Bias Current A +25°C - 6 15 pA
A Full - 10 25 pA
Non-Inverting Input Bias Current Drift B Full - 5 60 nA/°C
Non-Inverting Input Bias Current AVpg =+1.8V A +25°C - 0.5 1 HAN
Power Supply Sensitivity
AVpg =11.8V A +85°C - 0.8 3 pAN
AVpg =#1.2V A -40°C - 0.8 3 pAN
Non-Inverting Input Resistance AVgy =+1.8V A +25°C 0.8 1.2 - MQ
AV =+1.8V A +85°C 05 | 08 - MQ
AVgy =11.2V A -40°C 05 | 08 - MQ
Inverting Input Bias Current A +25°C - 2 7.5 pA
A Full - 5 15 A
Inverting Input Bias Current Drift B Full - 60 200 nA°C
Inverting Input Bias Current AVgy = 1.8V A +25°C - 3 6 pAN
Common-Mode Sensitivity
AVgy =+1.8V A +85°C - 4 8 pAN
AVgy =31.2V A -40°C - 4 8 HANV
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Specifications HFA1145

Electrical Specifications Vgpp,y = 5V, Ay = +1, Rp = 5109, R, = 1002, Unless Otherwise Specified (Continued)

(NOTE1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE | MIN | TYP | MAX | UNITS
Inverting Input Bias Current AVpg =+1.8V A +25°C - 2 5 HAN
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 4 8 HAN
AVpg =+1.2V A -40°C - 4 8 HAN
Inverting input Resistance C +25°C - 60 - Q
Input Capacitance (either input) C +25°C - 1.6 - pF
Input Voltage Common Mode Range A +25°C, +85°C +1.8 | ¥24 - \"
(Implied by V|o CMRR, +HIN' and -lgjas CMS tests)
‘ A -40°C +.2 | +1.7 - \Y
Input Noise Voltage Density (f = 100kHz, Note 5) B +25°C - 3.5 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz, Note 5) B +25°C - 25 - pANHZ
Inverting Input Noise Current Density (f = 100kHz, Note 5) B +25°C - 20 - pANHz
TRANSFER CHARACTERISTICS
Open Loop Transimpedance Gain (Ay = -1) L [¢] I +25°C - 500 - | kQ
AC CHARACTERISTICS Rg=510Q, Unless Otherwise Specified
-3dB Bandwidth Ay = +1, +Rg = 510Q B +25°C - 270 - MHz
(VOUT = 0.2Vp.p, Note 5)
B Full - 240 - MHz
Ay =-1, Rg = 425Q B +25°C - 300 - MHz
Ay = +2 B +25°C - 330 - MHz
B Full - 260 - MHz
Ay = +10, R = 180Q B +25°C - 130 - MHz
B Full - 90 - MHz
Full Power Bandwidth AV =+1, +Rg =510Q B +25°C - 135 - MHz
(VOUT = 5Vp,p at Av =+2/-1,
4Vpp at Ay = +1, Note 5) Ay =-1 B +25°C - 140 - MHz
Ay=+2° B +25°C - 115 - MHz
Gain Flatness to 25MHz B +25°C - +0.03 - dB
(Ay = +2, Vout = 0.2Vp_p, Note 5)
B Full - 10.04 - dB
to 75MHz B +25°C - +0.11 - dB
B Full - +0.22 - dB
Gain Flatness to 25MHz B +25°C - 0.03 - dB
(Ay = +1, +Rg = 510Q, Voyt = 0.2Vp.p,
Note 5) to 75MHz B +25°C - +0.09 - dB
Minimum Stable gain A Full - 1 - \\'%
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Specifications HFA1145

Electrical Specifications Vgyppy =5V, Ay = +1, Rp = 510Q, R_= 100Q, Unless Otherwise Specified (Continued)

(NOTE1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE | MIN | TYP I MAX | UNITS
OUTPUT CHARACTERISTICS Ay = +2, Re = 510Q, Unless Otherwise Specified
Output Voltage Swing A +25°C +3 3.4 - \'
(Ay = -1, R_= 100Q, Note 5)
A Full +2.8 +3 - Vv
Output Current (Ay = -1, R = 50Q, Note 5) A +25°C, +85°C 50 60 - mA
A -40°C 28 42 - mA
Output Short Circuit Current B +25°C 90 mA
DC Closed Loop Output Impedance (Note 5) B +25°C - 0.08 - Q
Second Harmonic Distortion 10MHz B +25°C - -48 - dBc
(Vour = 2Ve.p, Note 5)
20MHz B +25°C - -44 dBc
Third Harmonic Distortion 10MHz B +25°C - -50 - dBc
(Vout = 2Vp.p, Note 5)
20MHz B +25°C - -45 - dBc
Reverse Isolation (30MHz, Note 5) B +25°C - -55 - dB
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 510Q, Unless Otherwise Specified
Rise and Fall Times (Voyr = 0.5Vp.p) B +25°C - 1.1 ns
B Full - 14 - ns
Overshoot (Note 3) +0S B +25°C - 3 - %
(Vour =010 0.5V, Vi trise = 1ns)
-0S B +25°C - 5 - %
Overshoot (Note 3) +0S B +25°C - 3 - %
(Voutr = 0.5Vp.p, Vi tisg = 1ns)
-0Ss B +25°C - 1 - %
Slew Rate +SR B +25°C - 1000 - Vius
(Vout = 4Vp.p, Ay = +1, +Rg = 510Q)
B Full - 975 - Vius
-SR (Note 4) B +25°C - 650 - Vius
B Full - 580 - Vius
Slew Rate +SR B +25°C - 1400 - Vius
(Vout =5Vp.p, Ay = +2)
B Full - 1200 - Vips
-SR (Note 4) B +25°C - 800 - Vius
B Full - 700 - Vius
Slew Rate +SR B +25°C 2100 - Vius
(Vout = 5Vp.p, Ay = -1)
B Full - 1900 - Vius
-SR(Note 4) B +25°C - 1000 - Vius
B Full - 900 - Vius
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Specifications HFA1145

Electrical Specifications Vgpp y =25V, Ay = +1, Re = 5100, R, = 1000, Unless Otherwise Specified (Continued)

(NOTE1) ALL GRADES
TEST
PARAMETER LEVEL | TEMPERATURE MIN TYP | MAX | UNITS

Settling Time To0.1% B +25°C - 15 - ns
(Vour = +2V to OV step, Note 5)

To 0.05% B +25°C - 23 - ns

To 0.02% B +25°C - 30 - ns
Overdrive Recovery Time (V) = £2V) B +25°C - 8.5 - ns

VIDEO CHARACTERISTICS Ay = +2, R = 510Q, Unless Otherwise Specified

Differential Gain R, = 150Q B +25°C - 0.02 - %
(f = 3.58MHz)

R =75Q B +25°C - 0.03 - %
Differentiai Phase R, =150Q B +25°C - 0.03 - Degrees
(f = 3.58MHz)

R =75Q B +25°C - 0.05 - Degrees
DISABLE CHARACTERISTICS
Disabled Supply Current (Vgisasie = 0V) A Full - 3 4 mA
DISABLE Input Logic Low A Full - - 0.8 v
DISABLE Input Logic High A +25°C, +85°C 2.0 - - Vv

A -40°C 2.4 - - \

DISABLE Input Logic Low Current (Viisagie = 0V) A Full - 100 200 A
DISABLE Input Logic High Current (Vgisagie = 5V) A Full - 1 15 HA
Output Disable Time (Viy =1V, VgisasLe = 2.4V to 0V, Note 5) B +25°C - 35 - ns
Output Enable Time (Vjy =1V, Viisasie = 0V to 2.4V, Note 5) B +25°C - 180 - ns
Disabled Output Capacitance (Vgisasre = 0V) B +25°C - 25 - pF
Disabled Output Leakage (VD|SABLE =0V, VlN =72V, VOUT =13V) A Full - 3 10 A
Off Isolation at 5MHz B +25°C - -75 - dB
(VoisasLe = 0V, Vin = 1Vp.p, Note 5)

at 25MHz B +25°C - -60 - dB
POWER SUPPLY CHARACTERISTICS
Power Supply Range o] +25°C +4.5 - 55 v
Power Supply Current A +25°C - 5.8 6.1 mA

A Full - 5.9 6.3 mA

NOTES:

1.
2.

Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only.

Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle)
output current must not exceed 30mA for maximum reliability.

. Undershoot dominates for output signal swings below GND (e.g. 0.5Vp.p), yielding a higher overshoot limit compared to the Vot =0 to

0.5V condition. See the “Application Information” section for details.

. Slew rates are asymmetrical if the output swings below GND (e.g. a bipolar signal). Positive unipolar output signals have symmetric pos-

itive and negative slew rates comparable to the +SR specification. See the “Application Information” section, and the pulse response
graphs for details.

. See Typical Performance Curves for more information.
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Application Information
Optimum Feedback Resistor

Although a current feedback amplifier’s bandwidth depen-
dency on closed loop gain isn't as severe as that of a voltage
feedback amplifier, there can be an appreciable decrease in
bandwidth at higher gains. This decrease may be minimized
by taking advantage of the current feedback amplifier’s
unique relationship between bandwidth and Rg . All current
feedback amplifiers require a feedback resistor, even for
unity gain applications, and Rg , in conjunction with the inter-
nal compensation capacitor, sets the dominant pole of the
frequency response. Thus, the amplifier's bandwidth is
inversely proportional to Rg. The HFA1145 design is opti-
mized for Rg=510Q at a gain of +2. Decreasing Rg
decreases stability, resulting in excessive peaking and over-
shoot (Note: Capacitive feedback will cause the same prob-
lems due to the feedback impedance decrease at higher
frequencies). At higher gains, however, the amplifier is more
stable so Rg can be decreased in a trade-off of stability for
bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth. For a gain of +1, a resis-
tor (+Rg) in series with +IN is required to reduce gain peak-
ing and increase stability.

GAIN BANDWIDTH
(AcL) Re(Q) (MHz)
-1 425 300
+1 510 (+Rg =510Q) 270
+2 510 330
+5 200 300
+10 180 130

Non-inverting Input Source Impedance

For best operation, the DC source impedance seen by the
non-inverting input should be >50Q. This is especially
important in inverting gain configurations where the non-
inverting input would normally be connected directly to GND.

DISABLE Input TTL Compatibility

The HFA1145 derives an internal GND reference for the dig-
ital circuitry as long as the power supplies are symmetrical
about GND. With symmetrical supplies the digital switching
threshold (Vyy=(Viu+V)/2=(20+0.8)/2) is 1.4V,
which ensures the TTL compatibility of the DISABLE input. If
asymmetrical supplies (e.g. +10V, 0V) are utilized, the
switching threshold becomes:

Ve+ Vo 4y

Vig =

and the V| and V)_levels will be V1 + 0.6V, respectively.
Optional GND Pad (Die Use Only) for TTL Compatibility

The die version of the HFA1145 provides the user with a
GND pad for setting the disable circuitry GND reference.
With symmetrical supplies the GND pad may be left uncon-
nected, or tied directly to GND. If asymmetrical supplies (e.g.

+10V. 0V) are utilized, and TTL compatibility is desired, die
users must connect the GND pad to GND. With an external
GND, the DISABLE input is TTL compatible regardless of
supply voltage utilized.

Pulse Undershoot and Asymmetrical Slew Rates

The HFA1145 utilizes a quasi-complementary output stage
to achieve high output current while minimizing quiescent
supply current. In this approach, a composite device
replaces the traditional PNP pulldown transistor. The com-
posite device switches modes after crossing 0V, resulting in
added distortion for signals swinging below ground, and an
increased undershoot on the negative portion of the output
waveform (See Figures 5, 8, and 11). This undershoot isn’t
present for small bipolar signals, or large positive signals.
Another artifact of the composite device is asymmetrical
slew rates for output signals with a negative voltage compo-
nent. The slew rate degrades as the output signal crosses
through OV (See Figures 5, 8, and 11), resulting in a slower
overall negative slew rate. Positive only signals have sym-
metrical slew rates as illustrated in the large signal positive
pulse response graphs (See Figures 4, 7, and 10).

PC Board Layout

This amplifier’s frequency response depends greatly on the
care taken in designing the PC board. The use of low
inductance components such as chip resistors and chip
capacitors is strongly recommended, while a solid
ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
(0.1pF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
device’s input and output connections. Capacitance, para-
sitic or planned, connected to the output must be minimized,
or isolated as discussed in the next section.

Care must also be taken to minimize the capacitance to
ground at the amplifier’s inverting input (-IN), as this capaci-
tance causes gain peaking, pulse overshoot, and if large
enough, instability. To reduce this capacitance, the designer
should remove the ground plane under traces connected to -
IN, and keep connections to -IN as short as possible.

An example of a good high frequency layout is the Evalua-
tion Board shown in Figure 2.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier’s
phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C; combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a
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HFA1145

point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C form a low pass network at the output, thus
limiting system bandwidth well below the amplifier band-
width of 270MHz (for Ay = +1). By decreasing Rg as C_
increases (as illustrated in the curves), the maximum
bandwidth is obtained without sacrificing stability. In
spite of this, the bandwidth decreases as the load capac-
itance increases. For example, at Ay =+1, Rg=62Q,
C, = 40pF, the overall bandwidth is limited to 180MHz,
and bandwidth drops to 75MHz at Ay = +1, Rg = 8Q,
C = 400pF.

50

g

w 40

2

b

g 30

S 20

§ \\Av=q1

a Ay=+2 c&

a 10 —

a %
o l

50 100 150 200 250 300 350 400
LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs
LOAD CAPACITANCE

Evaluation Board

The performance of the HFA1145 may be evaluated using
the HFA11XX Evaluation Board.

The layout and schematic of the board are shown in Figure
2. The V connection may be used to exercise the DISABLE
pin, but note that this connection has no 50Q termination. To
order evaluation boards (part number HFA11XXEVAL),
please contact your local sales office.

FIGURE 2B. BOTTOM LAYOUT .

510 510

0

2
3

IN

T
E;lq
: >

3

10uF 75 O-WHF: GND
6 $ -5V GND

FIGURE 2C. SCHEMATIC

FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT
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Die Characteristics

DIE DIMENSIONS:
59 x 59 x 19 £ 1mils
1500um x 1500um x 483um + 25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AICu(2%)
Thickness: Metal 1: 8kA + 0.4kA  Thickness: Metal 2: 16kA +0.8kA
GLASSIVATION:
Type: Nitride

Thickness: 4kA + 0.5kA
TRANSISTOR COUNT: 75
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1145

SRo Rl I

50749A01
-IN DISABLE
S0749A19A
238
Vs
ouTt
+IN

v- OPTIONAL
GND f
1 This pad is not bonded out on packaged units. Die users may set a GND reference, via this pad, to ensure the TTL
compatibility of the DIS input when using asymmetrical supplies (e.g. V+ = 10V, V- = 0V). See the “Application Infor-
mation” section for details.
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Typical Performance CUurves vgpp,y =15V, Re = 5100, To = +25°C, Ry = 100, Unless Otherwise Specified

OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)
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Ay = +1
| +Rg =510Q

100

[

50

-100

-150

-200

FIGURE 3. SMALL SIGNAL PULSE RESPONSE

5ns/DIV

20

15 |- +Rg=510Q

Ay =+1

1.0

/

0.5

/

3.0

25

2.0

15

1.0

0.5

OUTPUT VOLTAGE (V)
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FIGURE 4. LARGE SIGNAL POSITIVE PULSE RESPONSE
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FIGURE 7. LARGE SIGNAL POSITIVE PULSE RESPONSE
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FIGURE 5. LARGE SIGNAL BIPOLAR PULSE RESPONSE
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FIGURE 8. LARGE SIGNAL BIPOLAR PULSE RESPONSE
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Typical Performance Curves vg s,y =5V, Re = 5100, To = +25°C, Ry = 1009, Unless Otherwise Specified (Continued)

OUTPUT VOLTAGE (mV)

OUTPUT VOLTAGE (V)

OUTPUT VOLTAGE (V)

200 —
Ay=+10

150 |- Rp=180Q
100

50 /

° \

-50 \
-100 7 e
-150
-200

5ns/DIV

FIGURE 9. SMALL SIGNAL PULSE RESPONSE
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FIGURE 11. LARGE SIGNAL BIPOLAR PULSE RESPONSE
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FIGURE 13. FREQUENCY RESPONSE
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FIGURE 10. LARGE SIGNAL POSITIVE PULSE RESPONSE
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HFA1145

Typical Performance CUurves vgpp,y =5V, Rg = 5100, Ta = +25°C, R, = 1000, Unless Otherwise Specified (Continued)

TTTT LI

2 ]
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) —_
3 g 3 Ay=-1
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FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 16. FULL POWER BANDWIDTH
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FIGURE 17. FREQUENCY RESPONSE FOR VARIOUS LOAD FIGURE 18. -3dB BANDWIDTH vs TEMPERATURE
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FIGURE 19. GAIN FLATNESS

FIGURE 20. OFF ISOLATION
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Typical Performance CUrves Vgppy =5V, R = 5100, Ta = +25°C, R, = 100Q, Unless Otherwise Specified (Continued)

o -4 TTTTTIT
= Vour =2Vp.p T L4 Ay =+2
Zz 50 Ay = +1, 42 = o
2 gl 1K
-60
B ~
= e Ay=-1 €]
5 70 Mg 7 v o 100
= (]
g 0 g ==
Ié = L—1"1 i
01 Ll
5
B o.01
2
o
03 1 10 100 03 1 10 100 1000
FREQUENCY (MHz) FREQUENCY (MH2)
FIGURE 21. REVERSE ISOLATION FIGURE 22. ENABLED OUTPUT IMPEDANCE
Ay = +2 30
0.8 Voyr=2V 1 Ay = +2
0.6 © -~
€ ou [N . =
z g 20MHz
e o2 3
E 01 z /
w 0 cy ~ - o -50
o E /
Z o2 5 10MHz
4
E s 2 —
7] ol
0.6
0.8
70
3 8 13 18 23 28 33 38 43 48 5 0 5 10 15
TIME (ns) OUTPUT POWER (dBm)
FIGURE 23. SETTLING RESPONSE FIGURE 24. 2nd HARMONIC DISTORTION vs Poyr
30 36 1-Vour! (R = 100Q
=+2 Ay=-1 8 = —
Ay =+ a5 |V I out! (R i
[ +Vour (RL= 1000)
40 / s M
g |~ w 33
T 20MHz < 32
2 3
3 o 3 a4
9 .5 > 3
(=3 f——————
Vour (R =500
§ / / E 30 +Vour (Ru: )
@ 10MHz E 29
(=] 60 ° ™
r 28 1Vourl (R= 500
R =50Q) 4>
27 ouT! L
-
5 0 5 10 15 50 25 0 425 450 475 +100 +125
OUTPUT POWER (dBm) TEMPERATURE (°C)
FIGURE 25. 3rd HARMONIC DISTORTION vs Poyt FIGURE 26. OUTPUT VOLTAGE vs TEMPERATURE

2-191

OPERATIONAL
AMPLIFIERS




HFA1145

Typical Performance Curves VsuppLy = 5V, R = 510Q, Ty = +25°C, R = 100, Unless Otherwise Specified (Continued)
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FIGURE 27. INPUT NOISE CHARACTERISTICS
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SEMICONDUCTOR

HFA1205

Dual High-Speed, Low Power,
Video Operational Amplifier

July 1995

Features Description

e Low Supply Current. .............. 5.8mA/Op Amp The HFA1205 is a dual, high speed, low power current

o Hi feedback amplifier built with Harris’ proprietary

High Inputlmpedance ....................... 2MQ complementary bipolar UHF-1 process.

* Wide -3dB Bandwidth (Ay =+2) ............ 400MHz 1 oo amplifiers deliver 400MHz bandwidth and 1275V/js

e VeryFastSlewRate..................... 1275V/ius slew rate, on only 60mW of quiescent power. They are
. specifically designed to meet the performance, power, and

* Gain Flatness (to 50MHz) ................. $0.03dB o requirements of high volume video applications. The

« Differential Gain............c..ocuveneann.. 0.03% excellent gain flatness and differential ~gain/phase
i i performance make these amplifiers well suited for

* Differential Phase........................ 0.03Deg. component or composite video applications. Video

¢ Pin Compatible Upgrade to HA5023

Applications

* Flash A/D Drivers

¢ High Resolution Monitors

¢ Video Switching and Routing

¢ Professional Video Processing

Video Digitizing Boards/Systems

Multimedia Systems

performance is maintained even when driving a back
terminated cable (R_ = 150Q), and degrades only slightly
when driving two back terminated cables (R, = 75Q). RGB
applications will benefit from the high slew rates, and high
full power bandwidth.

The HFA1205 is a pin compatible, low power, high
performance upgrade for the popular Harris HA5023. For a
dual amplifier with output disable capability, please see the
HFA1245 datasheet.

Ordering Information

« RGB Preamps TEMPERATURE
P PART NUMBER RANGE PACKAGE
¢ Medical Imaging
HFA12051P -40°C t0 +85°C | 8 Lead Plastic DIP
* Hand Held and Miniaturized RF Equipment
L HFA12051B -40°C to +85°C | 8 Lead Plastic SOIC (N)
« Battery Powered Communications
¢ High Speed Oscilloscopes and Analyzers
Pinout
HFA1205
(PDIP, SOIC)
TOP VIEW
J
outt [1] (8] v+
ANt 2 7] our2
+N1 [3] 6] -IN2
v- [4] 5] +IN2

OPERATIONAL
AMPLIFIERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1995
pyrig| p 2.193

File Number 3605.3



Specifications HFA1205

Absolute Maximum Ratings Operating Conditions
Voltage Between V+and V- ... ...... ..o iiiinenn... 11V Operating Temperature Range .. ........... -40°C < T, < +85°C
- DCinputVoltage ..., VsyppLy Storage Temperature Range. .............. -65°C < T < +150°C
Differential InputVoltage .................... .. ... ...... 8V Thermal Package Characteristics 04
Output Current (Note 2) .. .............. Short Circuit Protected PlasticDIP. . . ..ot e 130°CW
30mA Continuous SOIC . .ttt 160°C/W
60mA < 50% Duty Cycle
Junction Temperature (DieOnly) . .................... +175°C
Junction Temperature (Plastic Package) ............... +150°C
ESDRating. ........ooiviiiiiiiiii i >2000V
Lead Temperature (Soldering 10s).................... +300°C
(SOIC - Lead Tips Only)
CAUTION: Stresses above those listed in "Absolute Maxi Ratings” may cause p it 0 to the device. This is a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppy =15V, Ay = +1, Re = 560Q, R, = 100, Unless Otherwise Specified

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN | TYP | MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 mv
A Full - 3 8 mV
Average Input Offset Voltage Drift B Full - 1 10 uv/°c
Input Offset Voltage AV =+1.8V A +25°C 45 48 - dB
Common-Mode Rejection Ratio
AVgy=+1.8V A +85°C 43 46 - dB
AVgy =11.2V A -40°C 43 46 - dB
Input Offset Voltage AVpg =+1.8V A +25°C 48 52 - dB
Power Supply Rejection Ratio
AVpg = +1.8V A +85°C 46 50 - dB
AVpg =+1.2V A -40°C 46 50 - dB
Non-Inverting Input Bias Current A +25°C - 6 15 A
A Full - 10 25 uA
Non-Inverting input Bias Current Drift B Full - 5 60 | nA/°C
Non-Inverting Input Bias Current AVpg =+1.8V A +25°C - 0.5 1 HA/V
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 0.8 3 pA/V
AVpg =+1.2V A -40°C - 0.8 3 HA/V
Non-Inverting Input Resistance AVgpm = 1.8V A +25°C 0.8 2 - MQ
AV = 1.8V A +85°C 05 1.3 - MQ
AVgy =11.2V A -40°C 05 1.3 - MQ
Inverting Input Bias Current A +25°C - 2 85 A
A Full - 5 15 nA
Inverting Input Bias Current Drift B Full - 60 200 nA/°C
Inverting Input Bias Current AVgy = 1.8V A +25°C - 3 6 RA/V
Common-Mode Sensitivity
AVgy = 1.8V A +85°C - 4 8 HA/V
AVgy=+1.2V A -40°C - 4 8 RA/V
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Electrical Specifications Vgyppy =25V, Ay = +1, Re = 560Q, R, = 100Q, Unless Otherwise Specified (Continued)

2-195

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN TYP MAX UNITS

Inverting Input Bias Current AVpg =+1.8V A +25°C - 2 5 uA/V
Power Supply Sensitivity

AVpg = +1.8V A +85°C - 4 8 HA/V

AVpg =11.2V A -40°C - 4 8 HA/V
Inverting Input Resistance [o] +25°C - 60 - Q
Input Capacitance (either input) o] +25°C - 1.6 - pF
Input Voltage Common Mode Range A +25°C, +85°C | +1.8 +2.4 - \Y
(Implied by Vio CMRR, +Ryy, and -Ig;ag CMS tests) A 0°0 o 7 - v H
Input Noise Voltage Density (f = 100kHz) ] +25°C - 35 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz) B +25°C - 25 - pANFE é »
Inverting Input Noise Current Density (f = 100kHz) B +25°C - 20 - pANHZ 5 g
TRANSFER CHARACTERISTICS E ?I:
Open Loop Transimpedance Gain (Ay = -1) l C I +25°C - l 500 l - l kQ 'é" E
AC CHARACTERISTICS Ay = +2, Rg = 464Q, Unless Otherwise Specified
-3dB Bandwidth (Vour = 0.2Vp.p) Ay =+1,+Rg = 432Q B +25°C - 280 - MHz

Ay = +2 B +25°C - 400 - MHz

Ay = -1, Rg = 332Q B +25°C - 360 - MHz
Full Power Bandwidth Ay = +1, Rg = 432Q B +25°C - 140 - MHz
(Z\‘,’i:,:,tsx\fﬁ a ;\ V=42, Ay=+2 B +25°C - 125 - MHz

Ay =-1, Rg = 332Q B +25°C - 180 - MHz
Gain Flatness (Ay=+2,Voyt=0.2Vpp) To 25MHz B +25°C - +0.02 - dB

To 50MHz B +25°C - +0.03 - dB
Minimum Stable Gain A Full - 1 - A%
Crosstalk S5MHz B +25°C - -60 - dB

10MHz B +25°C - -54 - dB
OUTPUT CHARACTERISTICS Rg = 5600, Unless Otherwise Specified
Output Voltage Swing (Ay = -1, R_ = 100Q) A +25°C +3 +3.4 -

A Full +2.8 3 -
Output Current (Ay = -1, R = 50Q) A +25°C, +85°C 50 60 - mA
A -40°C 28 42 - mA

Output Short Circuit Current B +25°C 90 - mA
DC Closed Loop Output Impedance (Ay = +2, Rg = 464Q) B +25°C - 0.07 - Q
Second Harmonic Distortion 10MHz B +25°C - -50 - dBc
(Ay =142, Re = 4640, Vour =2Ver) - = o0 B +25°C - -45 - dBc
Third Harmonic Distortion 10MHz B +25°C - -55 - dBc
(Av=+2,Re = 4640 Vour =2Ver) 007 B +25°C - -50 - dBc



Specifications HFA1205

Electrical Specifications Vgypp y =25V, Ay = +1, Rg = 560Q, R|_= 100Q, Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN J TYP I MAX UNITS
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 464Q, Unless Otherwise Specified
Rise and Fall Times (Voyt =0.5Vp.p)  Rise Time B +25°C - 0.8 ns
Fall Time B +25°C - 1.25 - ns
Overshoot (Voyt = 0.5Vp.p, Viy trisg = 2.5ns) B +25°C - 5 - %
Slew Rate +SR B +25°C - 1050 - Vius
Vour = 4Vep. Ay =+1, +Rs = 4320) —=2 B +25°C ; 750 ; Vs
Slew Rate (Voyt = 5Vp.p, Ay = +2) +SR B +25°C - 1375 - Vius
-SR B +25°C - 875 Vius
Slew Rate +SR B +25°C - 2250 - Vius
Vour =Ve.p, Ay =-1. R =3320) - —2 B +25°C R 1275 ; Vins
Settling Time (Voyt = +2V to OV step) To0.1% B +25°C - 15 - ns
To 0.05% B +25°C - 20 - ns
To 0.02% B +25°C - 30 - ns
Overdrive Recovery Time (Vg = +2V) B +25°C - 10 - ns
VIDEO CHARACTERISTICS Ay = +2, Rg = 464Q, Unless Otherwise Specified
Differential Gain (f = 3.58MHz) R, = 150Q B +25°C - 0.03 %
RL=75Q B +25°C - 0.03 - %
Differential Phase (f = 3.58MHz) R_ = 150Q B +25°C - 0.03 - Degrees
R_=75Q B +25°C - 0.05 - Degrees
POWER SUPPLY CHARACTERISTICS
Power Supply Range [o] +25°C +4.5 - 5.5 \'
Power Supply Current +25°C 5.6 5.8 6.1 mA/
Op Amp
A Full 54 5.9 6.3 mA/
Op Amp
NOTES:

1. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only.
2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle)

output current must not exceed 30mA for maximum reliability.
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Die Characteristics

DIE DIMENSIONS:
69 x 92 x 19 £ 1mils
1750pum x 2330pum + 25.4pum

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AlCu(2%)
Thickness: Metal 1: 8kA £ 0.4kA  Thickness: Metal 2: 16kA + 0.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.5kA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

TRANSISTOR COUNT: 180
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1205

-IN1 OuUTi NC

V+
NC
ouT2
+IN1
NC
NC
-IN2
V- NC

NC +IN2
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Application Information
Optimum Feedback Resistor

Although a current feedback amplifier’s bandwidth
dependency on closed loop gain isn’t as severe as that of a
voltage feedback amplifier, there can be an appreciable
decrease in bandwidth at higher gains. This decrease may
be minimized by taking advantage of the current feedback
amplifier's unique relationship between bandwidth and Rg.
All current feedback amplifiers require a feedback resistor,
even for unity gain applications, and Rg, in conjunction with
the internal compensation capacitor, sets the dominant pole
of the frequency response. Thus, the amplifier’s bandwidth
is inversely proportional to Rg. The HFA1205 design is
optimized for a 464Q Rg at a gain of +2. Decreasing Rg
decreases stability, resulting in excessive peaking and
overshoot (Note: Capacitive feedback will cause the same
problems due to the feedback impedance decrease at higher
frequencies). At higher gains the amplifier is more stable, so
Rg can be decreased in a trade-off of stability for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth. For good channel-to-
channel gain matching, it is recommended that all resistors
(termination as well as gain setting) be +1% tolerance or
better. Note that a series input resistor, on +IN, is required
for a gain of +1, to reduce gain peaking and increase
stability.

GAIN BANDWIDTH
(Act) Re (Q) (MHz)

-1 332 360

+1 464 (+Rg = 432Q) 280

+2 464 400

Non-inverting Input Source Impedance

For best operation, the D.C. source impedance seen by the
non-inverting input should be 250Q. This is- especially
important in inverting gain configurations where the non-
inverting input would normally be connected directly to GND.

PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
(0.1pF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Capacitance directly on the
output must be minimized, or isolated as discussed in the
next section.

Care must also be taken to minimize the capacitance to
ground seen by the amplifier's inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in puise overshoot and possible instability. To this end, it is

recommended that the ground plane be removed under
traces connected to -IN, and connections to -IN should be
kept as short as possible.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier's
phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C|_combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a
point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C; form a low pass network at the output, thus lim-
iting system bandwidth well below the amplifier bandwidth
of 280MHz (for Ay=+1). By decreasing Rg as C_
increases (as illustrated in the curves), the maximum
bandwidth is obtained without sacrificing stability. In spite
of this, bandwidth decreases as the load capacitance
increases. For example, at Ay = +1, Rg = 62Q, C = 40pF,
the overall bandwidth is limited to 180MHz, and band-
width drops to 70MHz at Ay = +1, Rg = 8Q, C| = 400pF.

50

w 40

Q

Z

7

(72}

4 \

5 \

B 20 s

2 R A=+

° > S

w

é 10 Ay =+2
oL | |

50 100 150 200 250 300 350 400

LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs
LOAD CAPACITANCE

Evaluation Board

The performance of the HFA1205 may be evaluated using
the HA5023 Evaluation Board. The feedback and gain set-
ting resistors must be replaced with the appropriate value
(see “Optimum Feedback Resistor” section) for the gain
being evaluated.

To order evaluation boards, please contact your local sales
office.
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Typical Performance Curves vgpp,y =5V, Re = Optimum Value From “Apps Info” Table, T = +25°C. R, = 100Q,
Unless Otherwise Specified
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SEMICONDUCTOR

@ HFA1212, HFA1412

Dual/Quad High Speéd, Low Power

July 1995 Closed Loop Buffer Amplifiers
Features Description
e Differential Gain...............ccoiiinnen 0.025% The HFA1212 and HFA1412 are closed loop Buffers featur-
. ing user programmable gain and high speed performance.

¢ Differential Phase. ...................... 0.02 Deg. Manufactured on Harris' proprietary complementary bipolar

¢ Wide -3dB Bandwidth (Ay=+42) ............ 350MHz UHF-1 process, these devices offer wide -3dB bandwidth of
350MHz, very fast slew rate, excellent gain flatness and high

¢ Very Fast Slew Rate (Ay=-1) ............. 1100V/us output current.

* Low Supply Current .................. 6mA/Buffer 5 ,,que feature of the pinout allows the user to select a

e HighOutputCurrent ............ccovvvnnnn. 60mA Voltage gain of +1, -1, or +2, without the use of any external
components. Gain selection is accomplished via connec-

e Excellent Gain Accuracy...............ouu 0.99V/V

¢ User Programmable For Closed-Loop Gains of +1, -1
or +2 Without Use of External Resistors

Overdrive Recovery............cvvvvvvnnnnnnn 8ns

Standard Operational Amplifier Pinout

Applications

* High Resolution Monitors

¢ Professional Video Processing
¢ Medical Imaging

tions to the inputs, as described in the “Application Informa-
tion” section. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

Compatibility with existing op amp pinouts provides flexibility
to upgrade low gain amplifiers, while decreasing component
count. Unlike most buffers, the standard pinout provides an
upgrade path should a higher closed loop gain be needed at
a future date. For Military product, refer to the HFA1212/883
or HFA1412/883 data sheets.

Ordering Information

PART TEMPERATURE
* Video Digitizing Boards/Systems NUMBER RANGE PACKAGE
O, 0, i
« RF/IF Processors HFA1212IP -40°C to +85°C 8 Lead Plastic DIP
HFA12121B -40°C to +85°C 8 Lead Plastic SOIC (N
¢ Battery Powered Communications b Sad e M)
HFA1412IP -40°C to +85°C 14 Lead Plastic DIP
¢ Flash Converter Drivers -
HFA1412iB -40°C to +85°C 14 Lead Plastic SOIC (N)
* High Speed Pulse Amplifiers
Pinouts
HFA1212 HFA1412
(PDIP, SOIC) (PDIP, SOIC)
TOP VIEW TOP VIEW
A4 J
outt 1] 8] v+ outr1 [i] [i2] out 4
N1 2] + 7] our2 N1 2] 3] N4
+IN1 [3] 6] -IN2 +N1 3] 2] +IN 4
v@ ¢ 5] +IN2 v+ [4] 1] v-
' +IN2 [F] 1] +IN 3
N2 [€] 9] -IN3
out2 [7] 8] out3
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Specifications HFA1212, HFA1412

Absolute Maximum Ratings Operating Conditions
Voltage Between V+and V- ... ... ... ..o, 11V Operating Temperature Range . .. .......... -40°C < T, < +85°C
DClnputVoltage ................coeuiiinrinunnen.. Vguppy  Storage Temperature Range............... -65°C < Ty <+150°C
Differential Input Voltage ............................... 5V Thermal Package Characteristics I
Output Current (Note 1) ................ Short Circuit Protected 8leadPlasticDIP............ ..o, 130°C/W
Junction Temperature (DieOnly) . .................... +175°C 8LeadSOIC .. .. ..o 160°C/W
Junction Temperature (Plastic Package) ............... +150°C 14leadPlasticDIP.......... ... iiiinnnn. 100°C/W
ESDRating. .......coviiiiiii i >2000V 14LeadSOIC . ...t 120°C/W
Lead Temperature (Soldering 10s). . .................. +300°C
(SOIC - Lead Tips Only)
CAUTION: Stresses above those listed in “Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.
Electrical Specifications Vgypp y =5V, Ay = +1, R_ = 100Q, Unless Otherwise Specified
(NOTE 2) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN I TYP —I MAX UNITS
T CHARACTERISTI -
INPUT Cl CTERISTICS = 2
Output Offset Voltage A +25°C ; 2 10 mv S
E L
A Full - 3 15 mvV < g
E [«
Average Output Offset Voltage Drift B Full - 22 70 uv/ec a E
(@)
Non-Inverting Input Bias Current A +25°C - 6 15 HA
A Full - - 25 pA
Non-Inverting Input Bias Current Drift B Full - 30 - nAPC
Non-Inverting Input Resistance (AVgy = +1.2V) A +25°C 0.8 1.1 - MQ
Input Capacitance (either input) (o} +25°C - 2 - pF
Input Voltage Common Mode Range A +25°C +1.8 +2.4 - \
(Implied by Vo CMRR, +Ry, and -Igjas CMRR tests)
A Full +1.2 +1.7 - \
Input Noise Voltage Density (f = 10kHz) B +25°C - 7 - nVAHRz
Non-Inverting Input Noise Current Density (f = 10kHz) B +25°C - 36 - pANHz
TRANSFER CHARACTERISTICS
Gain (Ay = +2) B +25°C 1.96 1.98 2.04 VN
B Full 1.95 1.99 2.05 VN
Input Offset Voltage Common-Mode Rejection Ratio A +25°C 42 45 - dB
(AVgy =%1.2V)
A Full 40 - - dB
-3dB Bandwidth (Ay = +1, +Rg = 620Q, Vour = 0.2Vp.p) B +25°C - 240 - MHz
-3dB Bandwidth (Ay = +2, Voyr = 0.2Vp.p) B +25°C - 350 - MHz
-3dB Bandwidth (Ay = -1, VoyTt = 0.2Vp.p) B +25°C - 300 - MHz
Gain Flatness (to 25MHz, Voyt = 0.2Vp.p, Ay = +2) B +25°C - +0.03 - dB
Gain Flatness (to 50MHz, Voyt = 0.2Vp_p, Ay = +2) B +25°C - +0.04 - dB
OUTPUT CHARACTERISTICS
Output Voltage Swing A +25°C +3.0 +3.2 - \Y%
Av=-1)
A Full +2.8 - - '
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Specifications HFA1212, HFA1412

Electrical Specifications Vgypp y =5V, Ay = +1, R_ = 1002, Unless Otherwise Specified (Continued)

(NOTE 2) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN TYP MAX UNITS

Output Current - implied by output voltage swing into 50Q A +25°C, 50 55 - mA
(Ay = -1, R_ = 50Q) +85°C

A -40°C 28 - - mA
Output Short Circuit Current (Ay = -1) . B +25°C - 920 - mA
Second Harmonic Distortion B +25°C - 50 - dBc
(20MHz, Voyt = 2Vp_p, Ay = +2)
Third Harmonic Distortion B +25°C - 50 - dBc
(20MHz, Voyr = 2Vp.p, Ay = +2)
TRANSIENT RESPONSE
Rise Time (Voyt = 0.5Vp.p, Ay = +2) B +25°C - 1.1 - ns
Overshoot (Voyt =0V t0 0.5V, Ay = +2, V| tgisg = 1.0ns) B +25°C - 5 - %
Slew Rate (Voyr = 4Vp.p, Ay = +1, +Rg = 620Q) B +25°C - 850 - Vips
Slew Rate (VOUT =5Vp.p, Ay = +2) B +25°C - 900 - Vius
Slew Rate (Voyt = 5Vp.p, Ay =-1) B +25°C - 1100 - Vius
0.1% Settling Time (Vout = +2V to OV step, Ay = +2) B +25°C - 15 - ns
Overload Recovery Time B +25°C - 8 - ns
(Ay = +2, V| = £2V to 0V step)
VIDEO CHARACTERISTICS
Differential Gain (f = 3.58MHz, Ay = +2, R_= 150Q) B +25°C - 0.025 - %
Differential Phase (f = 3.58MHz, Ay = +2, R_ = 150Q) B +25°C - 0.02 - Degrees
POWER SUPPLY CHARACTERISTICS
Power Supply Range (o] +25°C +4.5 - 5.5 %
Power Supply Current A +25°C 5.4 5.9 6.1 mA/

Op Amp
A Full - - 6.3 mA/
Op Amp

Non-Inverting Input Bias Current Power Supply Sensitivity A +25°C - 0.5 1 nAN
(AVpg = £1.25V)

A Full - - 3 pAN
Input Offset Voltage Power Supply Rejection Ratio A +25°C 45 49 - dB
(AVpg = £1.25V)

A Full 43 - - dB

NOTES:

1. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (1 00% duty
cycle) output current should not exceed 30mA for maximum reliability.

2. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only.
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HFA1212, HFA1412

Application Information
Closed Loop Gain Selection

The HFA1X12 feature a novel design which allows the user
to select from three closed loop gains, without any external
components. The result is a more flexible product, fewer part
types in inventory, and more efficient use of board space.

This “buffer” operates in closed loop gains of -1, +1, or +2, and
gain selection is accomplished via connections to the tinputs.
Applying the input signal to +IN and floating -IN selects a gain
of +1 (see next section for layout caveats), while grounding -IN
selects a gain of +2. A gain of -1 is obtained by applying the
input signal to -IN with +IN grounded through a 50Q2 resistor.

The table below summarizes these connections:

GAIN CONNECTIONS

(AcL) +INPUT -INPUT
-1 50Q to GND Input
+1 Input NC (Floating)
+2 Input GND

Unity Gain Considerations

Unity gain selection is accomplished by floating the -Input of
the buffer. Anything that tends to short the -Input to GND,
such as stray capacitance at high frequencies, will cause the
amplifier gain to increase toward a gain of +2. The result is
excessive high frequency peaking, and possible instability.
Even the minimal amount of capacitance associated with
attaching the -Input lead to the PCB results in approximately
3dB of gain peaking. At a minimum this requires due care to
ensure the minimum capacitance at the -Input connection.

There are at least three alternate methods for configuring the
HFA1X12 as a unity gain buffer. The implementations vary in
complexity and involve performance trade-offs. The easiest
approach to implement is simply shorting the two input pins
together, and applying the input signal to this common node.
The amplifier bandwidth decreases, but excellent gain
flatness is the benefit. Another drawback to this approach is

that the amplifier input noise voltage and input offset voltage
terms see a gain of +2, resulting in higher noise and output
offset voltages. Alternately, a 100pF capacitor between the
inputs shorts them only at high frequencies, which prevents
the increased output offset voltage but delivers less gain
flatness.

Another straightforward approach is to add a 620Q resistor
in series with the positive input. This resistor and the buffer’s
input capacitance form a low pass filter which rolls off the
signal bandwidth before gain peaking occurs. This
configuration was employed to obtain the datasheet AC and
transient parameters for a gain of +1.

PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
chip (0.1uF) capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Output capacitance must be
minimized, or isolated as discussed in the “Driving Capaci-
tive Loads” section.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier's
phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Rg and C_form a low pass network at the output, thus limit-
ing system bandwidth well below the amplifier bandwidth of
350MHz. By decreasing Rg as Cincreases the maximum
bandwidth is obtained without sacrificing stability.
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@ HARRIS HFA1245

Dual, High-Speed, Low Power, Video

July 1995 Operational Amplifier with Disable
Features Description
¢ LowSupply Current................ 5.8mA/Op Amp The HFA1245 is a dual, high speed, low power current feed-
* High Input IMpedance . . . ...........coeveenn. oMmq back -amplifier built with Harris’ proprietary complementary
‘ ‘ bipolar UHF-1 process. '
e LowCrosstalk(SMH2) .....................0 -73dB ; | TTL/CMOS I
. The HFA1245 features individual compatible
* High Off Isolation (SMHz) ................... -61dB disable controls. When pulled low they disable the corre-
* Wide -3dB Bandwidth (Ay =+2) ............ 530MHz  sponding amplifier, which reduces the supply current and
e VeryFastSlewRate...............c...... 1050Vv/us forces the output into a high impedance state. This feature
. allows easy implementation of simple, low power video
* Gain Flatness (to 50MHz) .................. 0.11dB switching and routing systems. Component and composite
o DifferentialGain................cci0viinn.. 0.02% video systems also benefit from this op amp’s excellent gain
o Differential Phase. . . ... n oo, 0.03Deg. flatness, and good differential gain and phase specifications.
« Individual Output Enable/Disable Multiplexed A/D applications will also find the HFA1245 use-
¢ Output Enable/Disable Time............ 160ns/20ns fulas the A/D driver/multiplexer.
: : The HFA1245 is a low power, high performance upgrade for
Pin Compatibl rade to HA502
* Pin Compatible Upgrade to HA5022 the popular Harris HA5022. For a dual amplifier without dis-
. . able, in a standard 8 lead pinout, please see the HFA1205
Applications data sheet.
¢ Flash A/D Drivers
* High Resolution Monitors Ordering Information
* Video Multiplexers PART TEMPERATURE
* Video Switching and Routing NUMBER RANGE PACKAGE
* Professional Video Processing HFA1245IP | -40°C to +85°C 14 Lead Plastic DIP
* Video Digitizing Boards/Systems
« Multimedia Systems HFA124518 -40°C o +85°C | 14 Lead Plastic SOIC (N)
* RGB Preamps
¢ Medical Imaging
* Hand Held and Miniaturized RF Equipment
¢ Battery Powered Communications
» High Speed Oscilloscopes and Analyzers
Pinout
HFA1245
(PDIP, SOIC)
TOP VIEW
4
N1 E:‘FPJ_JE ouT1
+INt 2] [13] NC
DISABLE 1[3] [12] GND
V-E E V+
DISABLE 2[5 [19] NC
+IN2 E}D_L_EI Ne
N2 [7] 8] out2
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3682.1

Copyright © Harris Corporation 1995 2204



Specifications HFA1245

Absolute Maximum Ratings

Voltage Between V+and V- .......... ... .. ... ... ... .. 11V
DCinputVoltage ............. ..., VsuppLy
Differential Input Voltage .................... ... ... ..., 8v
Output Current (Note 2) . ............... Short Circuit Protected

....................................... 30mA Continuous
.................................. 60mA < 50% Duty Cycle

Junction Temperature (DieOnly) ..................... +175°C
Junction Temperature (Plastic Package) . .............. +150°C
ESDRating............. ... .. i >2000V
Lead Temperature (Soldering 10s). . .................. +300°C

(SOIC - Lead Tips Only)

Operating Conditions

Operating Temperature Range .. ........... -40°C < To < +85°C

Storage Temperature Range. .. ............ -65°C < Tp < +150°C

Thermal Package Characteristics 6)a
PlasticDIP........ ... . i 100°CW
SOIC .. 120°CW

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vgyppy = 5V, Ay = +1, Rg = 560Q, R = 100Q, Unless Otherwise Specified

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN TYP MAX UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 mV
A Full - 3 8 mV
Average Input Offset Voltage Drift B Full - 1 10 uv/°c
Input Offset Voltage AVgy = 1.8V A +25°C 45 48 - dB
Common-Mode Rejection Ratio Ao = £1.8V A +85°C 23 6 N aB
AVey =11.2V A -40°C 43 46 - dB
Input Offset Voltage AVpg = +1.8V A +25°C 48 52 - dB
Power Supply Rejection Ratio AVpg = £1.8V A +85°C 76 50 N aB
AVpg =11.2V A -40°C 46 50 - dB
Non-inverting Input Bias Current A +25°C - 6 15 A
A Full - 10 25 pA
Nan-Inverting Input Bias Current Drift B Full - 5 60 nA/°C
Non-Inverting Input Bias Current AVpg = +1.8V A +25°C - 05 1 RAN
Power Supply Sensitivity AVpg = £18V A 785°C n 08 3 VAN
AVpg = 1.2V A -40°C - 0.8 3 HAN
Non-Inverting Input Resistance AVgy =+1.8V A +25°C 0.8 2 - MQ
AVgy =+1.8V A +85°C 0.5 1.3 - MQ
AVpom =+1.2V A -40°C 05 13 - MQ
Inverting Input Bias Current A +25°C - 75 A
A Full - 5 15 HA
Inverting Input Bias Current Drift B Full - 60 200 nA/°C
Inverting Input Bias Current AVgy = 1.8V A +25°C - 3 6 RAN
Common-Mode Sensitivity Aoy = £1.8V A +85°C " 2 P Y,
AV =11.2V A -40°C - 4 8 pAN
Inverting Input Bias Current AVpg = +1.8V A +25°C - 2 5 nAN
Power Supply Sensitivity AVpg = 1.8V A 285°C N 2 P TAN
AVpg =+1.2V A -40°C - 4 8 nAN
Inverting Input Resistance Cc +25°C - 40 ) Q
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Specifications HFA1245

Electrical Specifications Vgyppy =5V, Ay = +1, Rg = 560Q, R = 1002, Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN TYP MAX UNITS
Input Capacitance (either input) C +25°C - 25 - pF
Input Voltage Common Mode Range +25°C, +85°C +1.8 +2.4 - \
(Implied by V;g CMRR, +Ryy, and -Igjag CMS tests) A ~20°C 2 7 N v
Input Noise Voltage Density (f = 100kHz) B +25°C - 3.5 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz) B +25°C - 25 - pANH_z
Inverting Input Noise Current Density (f = 100kHz) B +25°C - 20 - pANHZ
TRANSFER CHARACTERISTICS
Open Loop Transimpedance Gain (Ay = -1) 1 (o} ] +25°C - ' 500 | - kQ
AC CHARACTERISTICS Ay = +2, Rg = 5600, Unless Otherwise Specified
-3dB Bandwidth (Voyt = 0.2Vp.p) Ay = +1, +Rg = 560Q B +25°C - 290 - MHz
Ay =+2 B +25°C - 530 - MHz
Ay =-1, Rg = 510Q B +25°C - 230 - MHz
Full Power Bandwidth Ay = +1, +Rg = 560Q B +25°C - 150 - MHz
(Z\(/ﬂ Ztsx:j a )A" =2, Ay =+2 B +25°C - 130 - MHz
Ay =-1,Re =510Q B +25°C - 120 - MHz
Gain Flatness (Ay = +2, Voyt=0.2Vp. To 25MHz B +25°C - +0.04 - dB
2 To 50MHz B +25°C - £0.11 - dB
Minimum Stable Gain A Full - 1 - \'A%
Crosstalk (Note 3) 5MHz B +25°C - -73 - dB
10MHz B +25°C - -64 - dB
OUTPUT CHARACTERISTICS Rg = 5609, Unless Otherwise Specified
Output Voltage Swing (Ay = -1, R = 100Q) A +25°C +3 +3.4 - \"
A Full +2.8 +3 - \"
Output Current (Ay = -1, R = 50Q) A +25°C, +85°C 50 60 - mA
A -40°C 28 42 - mA
Output Short Circuit Current B +25°C - 90 - mA
DC Closed Loop Output Impedance (Ay = +2, Rg = 560Q) B +25°C - 0.07 - Q
Second Harmonic Distortion 10MHz B +25°C - -50 - dBc
(Av=+2,Re = 5600, Vour = 2Vep) - S5ap0, B +25°C - -45 - dBc
Third Harmonic Distortion 10MHz B +25°C - -55 - dBc
(Av=+2.Re = 5600, Vour = 2Ve-p) - Zoup, B +25°C - -50 - dBc
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 560Q, Unless Otherwise Specified
Rise and Fall Times (Voyr = 0.5Vp_p)  Rise Time B +25°C - 0.65 - ns
Fall Time B +25°C - 1.20 - ns
Overshoot (Voyt = 0.5Vp.p, ViN trisg = 1.0ns) B +25°C - 7 - %
Slew Rate +SR B +25°C - 1050 - Vius
(Vout = 4Vp.p, Ay = +1, +Rs = 5600) o B +25°C - 800 ; Vins
Slew Rate (Voyt = 5Vp.p, Ay = +2) +SR B +25°C - 1400 - Vius
-SR B +25°C - 900 - Vius
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Specifications HFA1245

Electrical Specifications Vgpp.y =15V, Ay = +1, Rg = 560Q, R = 1009, Unless Otherwise Specified (Continued)

(NOTE 1) ALL GRADES
TEST
PARAMETER LEVEL TEMP MIN TYP MAX UNITS
Slew Rate +SR B +25°C - 1950 - Vius
Vour =5Vp.p, Av=-1.Re =5100)  Top B +25°C - 1050 - Vius
Settling Time (Voyt = +2Vto OV step) To00.1% B +25°C - 15 - ns
To 0.05% B +25°C - 20 - ns
To 0.02% B +25°C - 30 - ns
Overdrive Recovery Time (Vi = +2V) B +25°C - 85 - ns
VIDEO CHARACTERISTICS Ay = +2, Re = 5609, Unless Otherwise Specified
Differential Gain (f = 3.58MHz) R, = 150Q B +25°C - 0.02 - %
R, =75Q B +25°C - 0.03 - %
Differential Phase (f = 3.58MHz) R = 150Q B +25°C - 0.03 - Degrees —<‘ »
R, = 75Q B +25°C ; 0.05 ) Degrees 3 ﬁ
DISABLE CHARACTERISTICS 5 ":"
Disabled Supply Current (V5sasLE = 0V) A Ful - 3 4 mA/ G
Op Amp % <
DISABLE Input Logic Low Voltage A Full - - 0.8 \'
DISABLE Input Logic High Voltage A +25°C, +85°C | 2.0 - - v
A -40°C 24 - - \
DISABLE Input Logic Low Current (Vasasie = 0V) A Full - 100 200 uA
DISABLE Input Logic High Current (Vorsases = 5V) A Ful - 1 15 WA
Output Disable Time (V|y = +1V, VigasLE = 2.4V to 0V) B +25°C - 20 - ns
Output Enable Time (Vy = 1V, Viisagie = 0V to 2.4V) B +25°C - 160 - ns
Disabled Output Capacitance (VgisagLe = 0V) B +25°C - 38 - pF
Disabled Output Leakage (Vpisagie = 0V, Vin = F2V, A Full - \ 10 pA
Vour =+3V)
Off Isolation at 5MHz B +25°C - -61 - dB
(VorsaBLe = OV, Vin = 1V Av=+2) —Foum; B +25°C - 55 - dB
POWER SUPPLY CHARACTERISTICS
Power Supply Range (o] +25°C +4.5 - 5.5 \
Power Supply Current A +25°C 5.6 58 6.1 mA/
Op Amp
A Full 4 | 59 | es mA/
Op Amp

NOTES:
1. Test Level: A. Production Tested.; B. Guaranteed Limit or Typical Based on Characterization.; C. Design Typical for Information Only.
2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle)
output current must not exceed 30mA for maximum reliability.
3. The typical use for these amplifiers is in multiplexed configurations, where one amplifier (hostile channel) is enabled, and the passive
channel is disabled. The crosstalk data specified is tested in this manner, with the input signal applied to the hostile channel, while mon-

itoring the output of the passive channel. Crosstalk performance with both the hostile and passive channels enabled is typically: -63dB
at 5MHz, and -50dB at 10MHz.
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HFA1245

Die Characteristics

DIE DIMENSIONS:
69 x 92 x 19 + 1mils
1750um x 2330pm + 25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AICu(2%)
Thickness: Metal 1: 8kA £ 0.4kA  Thickness: Metal 2: 16kA + 0.8kA

GLASSIVATION:
Type: Nitride
Thickness: 4kA + 0.5kA

DIE ATTACH:
Material: Epoxy - Plastic DIP and SOIC

TRANSISTOR COUNT: 180
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout
HFA1245

-IN1 OUT1 GND (SEE NOTE 1)

V+
+IN1
NC
DISABLE1
V-
DISABLE2
NC
+IN2 ouT2

-IN2 V-

NOTE:

1. This is an optional GND pad. Users may set a GND reference, via this pad, to ensure the TTL compatibility of the DISABLE inputs when
using asymmetrical supplies (e.g. V+ = 10V, V- = 0V). See the “Application Information” section for details.
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Application Information
Optimum Feedback Resistor

Although a current feedback amplifier's bandwidth depen-
dency on closed loop gain isn’t as severe as that of a voltage
feedback amplifier, there can be an appreciable decrease in
bandwidth at higher gains. This decrease may be minimized
by taking advantage of the current feedback amplifier’s
unique relationship between bandwidth and Rg. All current
feedback amplifiers require a feedback resistor, even for
unity gain applications, and Rg, in conjunction with the inter-
nal compensation capacitor, sets the dominant pole of the
frequency response. Thus, the amplifier's bandwidth is
inversely proportional to Rg. The HFA1245 design is opti-
mized for a 560Q Rg at a gain' of +2. Decreasing Rg
decreases stability, resulting in excessive peaking and over-
shoot (Note: Capacitive feedback will cause the same prob-
lems due to the feedback impedance decrease at higher
frequencies). At higher gains the amplifier is more stable, so
RE can be decreased in a trade-off of stability for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth. For good channel-to-
channel gain matching, it is recommended that all resistors
(termination as well as gain setting) be +1% tolerance or bet-
ter. Note that a series input resistor, on +IN, is required for a
gain of +1, to reduce gain peaking and increase stability.

GAIN BANDWIDTH
(AcL) Re (Q) (MHz)

-1 510 230

+1 560 (+Rg = 560Q) 290

+2 560 530

Non-inverting input Source Impedance

For best operation, the D.C. source impedance looking out
of the non-inverting input should be 250Q. This is especially
important in inverting gain configurations where the non-
inverting input would normally be connected directly to GND.

Optional GND Pin for TTL Compatibility

The HFA1245 derives an internal GND reference for the dig-
ital circuitry as long as the power supplies are symmetrical
about GND. The GND reference is used to ensure the TTL
compatibility of the DISABLE inputs. With symmetrical sup-
plies the GND pin (Pin 12) may be floated, or connected
directly to GND. If asymmetrical supplies (e.g. +10V, OV) are
utilized, and TTL compatibility is desired, the GND pin must
be connected to GND.

PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The
use of low inductance components such as chip resis-
tors and chip capacitors is strongly recommended,
while a solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10pF) tantalum in parallel with a small value
(0.1pF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Capacitance directly on the
output must be minimized, or isolated as discussed in the
next section.

Care must also be taken to minimize the capacitance to
ground seen by the amplifier's inverting input (-IN). The
larger this capacitance, the worse the gain peaking, resulting
in pulse overshoot and possible instability. To this end, it is
recommended that the ground plane be removed under
traces connected to -IN, and connections to -IN should be
kept as short as possible.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly ter-
minated transmission line will degrade the amplifier’s phase
margin resulting in frequency response peaking and possi-
ble oscillations. In most cases, the oscillation can be avoided
by placing a resistor (Rg) in series with the output prior to the
capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C;_ combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning-is recommended. Picking a
point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rg and C, form a low pass network at the output, thus lim-
iting system bandwidth well below the amplifier bandwidth
of 290MHz (for Ay = +1). By decreasing Rg as Cin-
creases (as illustrated in the curves), the maximum band-
width is obtained without sacrificing stability. Even so,
bandwidth does decrease as you move to the right along
the curve. For example, at Ay = +1, Rg = 62Q, C; = 40pF,
the overall bandwidth is limited to 180MHz, and band-
width drops to 70MHz at Ay = +1, Rg = 8Q, C|_ = 400pF.

50 p—
w 40
o
z
&
@ 30
w
5
5 \
& 2 o
= Ay = +1
3 INDN
@ Ay =+2 EE\
10 -
w
7]
,, N
0 50 100 150 200 250 300 350 400

LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs
LOAD CAPACITANCE
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Dramms  HFA1405

Quad, High-Speed, Low Power, Video

July 1995 ‘ , Operational Amplifier
Features - Description
¢ Low Supply Current............... 5.8mA/Op Amp The HFA1405 is a quad, high speed, low power current

feedback amplifier built with Harris’ proprietary complemen-

¢ Highinputimpedance....................... 1MQ tary bipolar UHF-1 process.
* Wide -3dB Bandwidth (Ay = +2) ............ 560MHz 1 .56 amplifiers deliver 560MHz bandwidth and 1700V/s
» VeryFastSlewRate..................... 1700V/us slew rate, on only 58mW of quiescent power. They are spe-
cifically designed to meet the performance, power, and cost
* Gain Flatness (to SOMHz) ................... 10.03dB requirements of high volume video applications. The excel-
o Differential GaIN.......conveevenreceneenns 0.02% lent gain flatness and differential gain/phase performance
make these amplifiers well suited for component or compos-
e Differential Phase.................... 0.03 Degrees jte video applications. Video performance is maintained
* All Hostile Crosstalk (5MH2). ................ -60dB  even when driving a back terminated cable (R =150), and
degrades only slightly when driving two back terminated
* Pin Compatible Upgrade to HA5025 and CLC414 cables (R, = 75Q). RGB applications will benefit from the
. . high slew rates, and high full power bandwidth.
Ap P lications The HFA1405 is a pin compatible, low power, high perfor-
« Flash A/D Drivers ) mance upgrade for the popular Harris HA5025, and for the

CLC414.
¢ Professional Video Processing

¢ Video Digitizing Boards/Systems
o Muitimedia Systems

Ordering Information

TEMPERATURE
* RGB Preamps PART NUMBER RANGE PACKAGE
in
* Medical Imaging : HFA14051B -40°C to +85°C |14 Lead Plastic SOIC (N)
¢ Hand Held and Miniaturized RF Equipment
« Battery Powered Communications
¢ High Speed Oscilloscopes and Analyzers
Pinout
HFA1405
(soic)
TOP VIEW
out1 [1] 4 out 4
N1 EQ 13 N4
+N1[3] 2] +IN 4
v+ [4] 1] v-
+N2[5] 0] +IN3
a2 [g] [5] 4N 3
our2 7] 3] out3
CAUTION: These devices are sensitlw)o io electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3604'2
Copyright © Harris Corporation 1995
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Specifications HFA1405

Absolute Maximum Ratings

Voltage Between V+and V- . ........... ..., 11V
DClnputVoltage ................................. VsuppLy
Differential Input Voltage ............................... 5V
Output Current (Note 2) .. .............. Short Circuit Protected

....................................... 30mA Continuous
.................................. 60mA < 50% Duty Cycle

Junction Temperature (DieOnly) ................. .... +175°C

Junction Temperature (Plastic Package) . .............. +150°C

ESDRating. .........ooiiiiii . >2000V

Lead Temperature (Soldering 10s). ... ................ +300°C
(Lead Tips Only)

Operating Conditions

Operating Temperature Range . .. .......... -40°C < Tp < +85°C

Storage Temperature Range. . ............. -65°C < Ty < +150°C

Thermal Package Characteristics 6)a
SOICPACKAGR. -« . e vvv e eeeeeee i eneennns 120°CW

CAUTION: Stresses above those listed in "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Vg,pp y =5V, Ay = +1, Rg = 510Q, R, = 100, Unless Otherwise Specified

(NOTE 1) HFA1405I1B
TEST
PARAMETER LEVEL TEMPERATURE MIN | TYP I MAX | UNITS
INPUT CHARACTERISTICS
Input Offset Voltage A +25°C - 2 5 mV
A Full - 3 8 mVv
Average Input Offset Voltage Drift B Full - 1 10 uvree
Input Offset Voltage AVopm =+1.8V A +25°C 45 48 - dB
Common-Mode Rejection Ratio
AVgy =11.8V A +85°C 43 46 - dB
AVgy=11.2V A -40°C 43 46 - dB
Input Offset Voltage AVpg =+1.8V A +25°C 48 52 - dB
Power Supply Rejection Ratio
AVpg =+1.8V A +85°C 46 48 - dB
AVpg =11.2V A -40°C 46 48 - dB
Non-Inverting Input Bias Current A +25°C - 6 15 pA
A Full - 10 25 pA
Non-Inverting Input Bias Current Drift B Full - 5 60 nA”°C
Non-Inverting Input Bias Current AVpg =+1.8V A +25°C - 0.5 1 nANV
Power Supply Sensitivity
AVpg =+1.8V A +85°C - 0.8 3 RAN
AVpg =+1.2V A -40°C - 0.8 3 nANV
Non-Inverting Input Resistance AVgy =£1.8V A +25°C 0.8 1.2 - MQ
AVeopy =+1.8V A +85°C 0.5 0.8 - MQ
AVgy =11.2V A -40°C 05 | 08 - MQ
Inverting Input Bias Current A +25°C - 2 75 pA
A Full - 5 15 nA
Inverting Input Bias Current Drift B Full - 60 200 nA/°C
Inverting Input Bias Current AVpy =+1.8V A +25°C - 3 6 pAN
Common-Mode Sensitivity
AVgpy =11.8V A +85°C - 4 8 pANV
AVpoy =#1.2V A -40°C - 4 8 RANV
inverting Input Bias Current AVpg =+1.8V A +25°C - 2 5 pAN
Power Supply Sensitivity
AVpg = 1.8V A +85°C - 4 8 pAN
AVpg =+1.2V A -40°C - 4 8 HAN
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Specifications HFA1405

Electrical Specifications Vgypp y = #5V, Ay = +1, R = 510Q, R, = 100Q, Unless Otherwise Specified (Continued)

(NOTE 1) HFA1405IB
TEST
PARAMETER LEVEL TEMPERATURE MIN | TYP | MAX | UNITS
Inverting Input Resistance C +25°C - 60 - Q
Input Capacitance (any input) B +25°C - 1.4 - pF
Input Voltage Common Mode Range A +25°C, +85°C +1.8 | 24 - \
(Implied by Vo CMRR, +Ryy, and -lgjag CMS tests) 7y 20°C T2 17 - v
Input Noise Voltage Density (f = 100kHz) B +25°C - 3.5 - nVAHz
Non-Inverting Input Noise Current Density (f = 100kHz) B +25°C - 25 - pANWz'
Inverting Input Noise Current Density (f = 100kHz) B +25°C - 20 - pANHZ
TRANSFER CHARACTERISTICS
Open Loop Transimpedance Gain (Ay = -1) J C I +25°C - l 500 - | kQ
AC CHARACTERISTICS = Rg =510Q, Unless Otherwise Specified
-3dB Bandwidth Ay = -1, Rg = 360Q B +25°C - 420 - MHz
Vour=02Ve.p) Ay = +2 +25°C - [se0 | - MHz
Ay =+6, B +25°C - 140 - MHz
Re = 500Q
Full Power Bandwidth Ay = -1, R = 360Q +25°C - 260 - MHz
Vour = 5Ve-p) Ay =+2 +25°C - | 1es | - MHz
Ay = +6, +25°C - 150 - MHz
Rg = 500Q
Gain Flatness to 25MHz B +25°C - +0.03 - dB
(Av=-1, Rr = 3602 Vour = 0.2Vp-p) to 50MHz B +25°C - [z004[ - dB
Gain Flatness to 25MHz +25°C - 10.03 - dB
(Av=+2,Vour = 0-2Vp.p) to 50MHz +25°C - [003| - dB
Gain Flatness to 15MHz B +25°C - +0.08 - dB
(Av = +6, Re = 5002, Vour = 0:2Vp.r) to 30MHz B +25°C - o019 - dB
Minimum Stable Gain A Full - 1 - VN
Crosstalk (All Channels Hostile) 5MHz B +25°C - -60 - dB
10MHz B +25°C - -56 - dB
OUTPUT CHARACTERISTICS Ay = +2, Rg = 510Q, Unless Otherwise Specified
Output Voltage Swing A +25°C +3 +3.4 -
(Av=-1, R, =1000) A Full 28 | #8 | -
Output Current (Ay = -1, R_ = 50Q) A +25°C, +85°C 50 60 - mA
A -40°C 28 42 - mA
Output Short Circuit Current B +25°C 90 - mA
DC Closed Loop Output impedance ) B +25°C - 0.2 - Q
Second Harmonic Distortion 10MHz B +25°C - -51 - dBc
Vour =2Vp.p) 20MHz B +25°C -] s |- dBc
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Specifications HFA1405

Electrical Specifications Vgpp y =15V, Ay = +1, Rg = 510Q, R = 100, Unless Otherwise Specified (Continued)

(NOTE 1) HFA1405IB
TEST
PARAMETER LEVEL TEMPERATURE MIN | TYP | MAX | UNITS
Third Harmonic Distortion 10MHz B +25°C - -63 - dBc
Vour = 2Ve-p) 20MHz B +25°C 56 | - dBc
TRANSIENT CHARACTERISTICS Ay = +2, Rg = 510Q, Unless Otherwise Specified
Rise and Fall Times (Voyr = 0.5Vp.p) Ay = +2 B +25°C - 0.8 - ns
Ay = +6, B +25°C - 29 - ns
Rg = 5000
Overshoot (Note 3) +0S B +25°C - 13 - %
8? . :H l;E zﬁ ;3609’ Vour = 2Vp.p. -0 B +25°C ; 21 ; %
Overshoot (Note 3) +0S B +25°C 13 - %
(Av=+2,Vour = 2Vp.p, ViN tRisg = 10S) o5 B 7255 - T - ”
Overshoot +0S B +25°C - 0 - %
f}? . I:fo:sf 002, Vour = 2Vp.p. -0S B +25°C ; 2 - %
Slew Rate +SR B +25°C - 2500 - Vips
Vour =8Vp.p. Av = -1, Re = 3600) -SR B +25°C - 1900 [ - Vius
Slew Rate +SR +25°C - 1700 - Vius
Vour = 5Vp.p. Ay =+2) SR +25°C = 1700 | - Vins
Slew Rate +SR B +25°C - 1500 - Vips
Vour =5Vp.p. Av = +6, Re = 5000) -SR B +25°C - 1100 | - Vips
Settling Time T00.1% B +25°C - 23 - ns
Vour = +2V10 0V step) T 0.05% B +25°C T [ | - ns
To 0.025% B +25°C - 37 - ns
Overdrive Recovery Time (Vjy = 2V) B +25°C - 8.5 - ns
VIDEO CHARACTERISTICS Ay = +2, Rg = 5109, Unless Otherwise Specified
Differential Gain R = 150Q B +25°C - 0.02 - %
(f=3.58MHz) R, = 75Q B +25°C - oo | - %
Differential Phase Ry = 150Q B +25°C - 0.03 - Degrees
(f= 3.58MHz) R, = 75Q B +25°C - oo | - [Dpegrees
POWER SUPPLY CHARACTERISTICS
Power Supply Range (o] +25°C +4.5 - +55 \'
Power Supply Current A +25°C 5.8 6.1 mA/Op
Amp
A Full - 59 | 63 | mAOp
Amp
NOTES:

1. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only.
2. Outputis short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle)

output current must not exceed 30mA for maximum reliability.

3. Undershoot dominates for output signal swings below GND (e.g. 2Vp.p), yielding a higher overshoot limit compared to the Vot = 0V to
2V condition. See the “Application Information” section for details.
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HFA1405

Application Information
Optimum Feedback Resistor

Although a current feedback amplifier's bandwidth depen-
dency on closed loop gain isn't as severe as that of a voltage
feedback amplifier, there can be an appreciable decrease in
bandwidth at higher gains. This decrease may be minimized
by taking advantage of the current feedback amplifier's
unique relationship between bandwidth and Rg. All current
feedback amplifiers require a feedback resistor, even for unity
gain applications, and Rg, in conjunction with the internal
compensation capacitor, sets the dominant pole of the fre-
quency response. Thus, the amplifier'’s bandwidth is inversely
proportional to Rg. The HFA1405 design is optimized for
Rg =510Q at a gain of +2. Decreasing Rg decreases stability,
resulting in excessive peaking and overshoot (Note: Capaci-
tive feedback causes the same problems due to the feedback
impedance decrease at higher frequencies). However, at
higher gains the amplifier is more stable so Rg can be
decreased in a trade-off of stability for bandwidth.

The table below lists recommended Rg values for various
gains, and the expected bandwidth. For good channel-to-chan-
nel gain matching, it is recommended that all resistors (termina-
tion as well as gain setting) be +1% tolerance or better.

OPTIMUM FEEDBACK RESISTOR

GAIN BANDWIDTH
(Acy) Re () (MHz)

-1 360 420

+2 510 560

+6 500 (Note) 140

NOTE: Rg = 500Q is not the optimum value. It was chosen to match
the R of the CLC412, for performance comparison purpos-
es. Performance at Ay = +6 may be increased by reducing
R below 500Q.

Non-inverting Input Source impedance

For best operation, the DC source impedance seen by the
non-inverting input should be >50Q. This is especially
important in inverting gain configurations where the non-
inverting input would normally be connected directly to GND.

Pulse Undershoot

The HFA1405 utilizes a quasi-complementary output stage
to achieve high output current while minimizing quiescent
supply current. In this approach, a composite device
replaces the traditional PNP pulldown transistor. The com-
posite device switches modes after crossing OV, resulting in
added distortion for signals swinging below ground, and an
increased undershoot on the negative portion of the output
waveform (see Figure 4 and Figure 7). This undershoot isn’t
present for small bipolar signals, or large positive signals
(see Figure 3 and Figure 6).

PC Board Layout

The frequency response of this amplifier depends greatly on
the amount of care taken in designing the PC board. The use
of low inductance components such as chip resistors
and chip capacitors is strongly recommended, while a
solid ground plane is a must!

Attention should be given to decoupling the power supplies.
A large value (10uF) tantalum in parallel with a small value
(0.1uF) chip capacitor works well in most cases.

Terminated microstrip signal lines are recommended at the
input and output of the device. Capacitance, parasitic or
planned, connected to the output must be minimized, or iso-
lated as discussed in the next section.

Care must also be taken to minimize the capacitance to
ground seen by the amplifier’s inverting input (-IN). The larger
this capacitance, the worse the gain peaking, resulting in
pulse overshoot and eventual instability. To reduce this capac-
itance the designer should remove the ground plane under
traces connected to -IN, and keep connections to -IN as short
as possible.

Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly
terminated transmission line will degrade the amplifier's
phase margin resulting in frequency response peaking and
possible oscillations. In most cases, the oscillation can be
avoided by placing a resistor (Rg) in series with the output
prior to the capacitance.

Figure 1 details starting points for the selection of this resis-
tor. The points on the curve indicate the Rg and C, combina-
tions for the optimum bandwidth, stability, and settling time,
but experimental fine tuning is recommended. Picking a
point above or to the right of the curve yields an overdamped
response, while points below or left of the curve indicate
areas of underdamped performance.

Rs and C, form a low pass network at the output, thus limiting
system bandwidth well below the amplifier bandwidth of
560MHz. By decreasing Rg as C|_increases (as illustrated in
the curve), the maximum bandwidth is obtained without sacri-
ficing stability. Even so, bandwidth does decrease as you
move to the right along the curve.

50
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LOAD CAPACITANCE (pF)

FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs
LOAD CAPACITANCE
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Die Characteristics

DIE DIMENSIONS:
79 mils x 118 mils x 19 mils z1mil
2000pum x 3000pum x 483um +25.4um

METALLIZATION:
Type: Metal 1: AICu(2%)/TiW Type: Metal 2: AlCu(2%)
Thickness: Metal 1: 8kA +0.4kA  Thickness: Metal 2: 16kA +0.8kA
GLASSIVATION:
Type: Nitride

Thickness: 4kA +0.5kA
TRANSISTOR COUNT: 320
SUBSTRATE POTENTIAL (Powered Up): Floating (Recommend Connection to V-)

Metallization Mask Layout

HFA1405

-IN1 ouT1 OouT4 -IN4

+IN4

V+

+IN2 +IN3

50751A01

-IN2 0ouT2 V- ouT3 -IN3
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HFA1405

Typlcal Performance Curves VsuppLy = 5V, Ta = +25°C, Rg = Value From the Optimum Feedback Resistor Table,
R = 100Q, Unless Otherwise Specified
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FIGURE 2. SMALL SIGNAL PULSE RESPONSE FIGURE 3. LARGE SIGNAL PULSE RESPONSE
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Typical Performance Curves VsupeLy = 5V, Ty = +25°C, Rg = Value From the Optimum Feedback Resistor Table,
R_ = 100Q, Unless Otherwise Specified (Continued)
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Typical Performance Curves VsuppLy = 25V, Ta = +25°C, Rg = Value From the Optimum Feedback Resistor Table,
R, = 100Q, Unless Otherwise Specified (Continued)
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HARRIS HA5351

Fast Acquisition

July 1995 Sample and Hold Amplifier
Features Description
¢ Fast Acquisitionto 0.01%............... 70ns (Max) The HAS5351 is a fast acquisition, wide bandwidth sample

and hold amplifier, built with the Harris HBC-10 BiCMOS
process. This sample and hold amplifier offers a combination
¢ LowPedestalError .................. +10mV (Max) of desirable features; fast acquisition time (70ns to 0.01%

maximum), excellent DC precision and extremely low power
2uVips (Max) dissipation, making it ideal for use in systems that sample

e LowOffsetError. ..................... +2mV (Max)

e lowDroopRate.....................

* Wide Unity Gain Bandwidth ................ 40MHz  multiple signals and require low power. For systems with

« Low Power Dissipation 220mW (Max) multiple channels, consider the Dual HA5352 sample and
.............. hold amplifer.

¢ Total Harmonic Distortion (Hold Mode). ...... -72dBc

(Vin = 5Vp.p at 1MHz) The HA5351 is in an open loop configuration with fully differ-

) ential inputs providing flexibility for user defined feedback. in

« Fully Differential Inputs unity gain the HA5351 is completely self-contained and
« On Chip Hold Capacitor requires no external components. The on-chip 15pF hold
capacitor is completely isolated to minimizing droop rate and
reduce sensitivity to pedestal error. The HA5351 is available

Applications in 8 lead PDIP and SOIC packages for minimizing board
« Synchronous Sampling space and ease of layout.
* Wide Bandwidth A/D Conversion
« Deglitching Ordering Information
¢ Peak Detection TEMPERATURE
« High Speed DC Restore PART NUMBER RANGE PACKAGE
HA53511P -40°C to +85°C 8 Lead Plastic DIP
HA5351IB -40°C to +85°C | 8 Lead SOIC (N)
Pinout Functional Diagram
HA5351 v+ V-
(PDIP, SOIC)
TOP VIEW
6 3
15pF

8] -In —€
7] aND

[6] v+ AN o= i
_ 4
5] SiHcTAL Ay o OuT
4N O— , /
1
[
1
'
1
- 5 '
SH © BUFFER - -
HA5351
7
GND
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 36904

Copyright © Harris Corporation 1995 3.3
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Specifications HA5351

- Absolute Maximum Ratings’ Operating Conditions
Voltage Between V+and V-Temminals . . ................. +11V  Operating Temperature Range
Differential Input Voltage ................. .. ... ....... +6V HAB3511 ..o -40°C < Tp < +85°C
Voltage Between Sample and Hold Control and Ground . . . . . +5.5V  Storage Temperature Range.............. -65°C < Tp < +150°C
Output Current, Continuous .............oooiaon .. +37mA  Thermal Resistance 6)A
Junction Temperature (Plastic Packages) +150°C PlasticDIP. ... ... ... e 120°C/W
Lead Soldering Temperature (Soldering 10s). .. ......... +300°C SOIC e 160°C/W

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Test Conditions: Vgyppy = +5V; Cyy = Intemal = 15pF, Digital Input: V)_= +0.0V (Sample), V}y = 4.0V
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C_ = 5pF,
Unless Otherwise Specified

HA53511
PARAMETERS : TEMP MIN | TYP J MAX | UNITS
INPUT CHARACTERISTICS
Input Voltage Range Full 2.5 - +2.5 \"
Input Resistance (Note 2) +25°C 100 500 - kQ
Input Capacitance +25°C - - 5 pF
Input Offset Voltage +25°C 2 - 2 mV
Full -3.0 - 3.0 mV
Offset Voltage Temperature Coefficient Full - 15 - uvree
Bias Current ) Full - 2.5 5 HA
Offset Current Full -1.5 - +1.5 HA
Common Mode Range Full -2.5 - +2.5 \
Common Mode Rejection (+2.5Vp) (Note 3) Full 60 80 - dB
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (+2.5Voy7) +25°C 95 108 - dB
Full 85 - - dB

Unity Gain -3dB Bandwidth +25°C - 40 - MHz
TRANSIENT RESPONSE
Rise Time (200mV Step) +25°C - 8.5 - ns
Overshoot (200mV Step) +25°C 0 - 30 %
Slew Rate (5V Step) Full 88 105 - Vs
DIGITAL INPUT CHARACTERISTICS
Input Voltage (High) Vi +25°C, 2.1 - 5.0 \

+85°C

-40°C 2.4 - 5.0
Input Voltage (Low) Vi Full 0 - 0.8
Input Current (V)= 0V) N Full -1.0 - 1.0 pA
Input Current (V) = 5V) I Full -1.0 - 1.0 HA
OUTPUT CHARACTERISTICS
Output Voltage (R, = 510Q) Full -3.0 - +3.0 \
Output Current (R, = 100Q) 25,85 20 25 - mA

-40°C 15 - - mA
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Specifications HA5351

Electrical Specifications Test Conditions: VgyppLy = £5V; Cy = Intemal = 15pF, Digital Input: V= +0.0V (Sample), Vy = 4.0V

(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C| = 5pF,

Unless Otherwise Specified (Continued)

HA53511
PARAMETERS TEMP MIN TYP MAX UNITS
Full Power Bandwidth (5Vp_p, Ay = +1, -3dB) Full - 13 - MHz
Output Resistance - Hold Mode +25°C 0.02 - Q
TOTAL OUTPUT NOISE, DC TO 10MHz
Sample Mode +25°C 325 - KWVRms
Hold Mode +25°C - 325 - UVRms
DISTORTION CHARACTERISTICS
SAMPLE MODE
Total Harmonic Distortion Vin = 4.5Vp_p, Fiy = 100kHz +25°C -80 -76 dBc
VN =5Vp.p, Fiy = IMHz +25°C -74 -69 dBc
Viy= 1Vpp, Fiy = 10MHz +25°C -57 -52 dBc
Signal to Noise Ratio VN = 4.5Vp_p, Fiy = 100kHZ +25°C 73 dB
(RMS Signal to RMS Noise)
HOLD MODE (50% Duty Cycle S/H)
Total Harmonic Distortion V|N=4.5Vp_p, Fy = 100kHz, Fg = 100kHz +25°C - -78 -74 dBc
V|n = 5Vp.p, Fin = IMHz, Fg = 1IMHz +25°C - -72 -67 dBc
VN = 1Vp.p, Fiy = 10MHz, Fg = 1MHz +25°C - -51 -47 dBc
Signal to Noise Ratio Vin = 4.5Vp_p, Fy = 100kHz, Fg = 100kHz +25°C 70 - dB
(RMS Signal to RMS Noise)
SAMPLE AND HOLD CHARACTERISTICS
Acquisition Time 0V to 2.0V Step to +1mV +25°C 53 - ns
0V to 2.0V Step to 0.01% (+200uV) +25°C 64 70 ns
2.5V to +2.5V Step to 0.01% (+500uV) +25°C 90 100 ns
Droop Rate +25°C - 0.3 - uVius
Full -2 2 uVius
Hold Step Error (V) =0V, V|; = 4.0V, tg = 5ns) Full -10 +10 mV
Hold Mode Settling Time (to £1mV) +25°C - 50 - ns
Hold Mode Feedthrough (5Vp.p, 500kHz, Sine) +25°C - 72 - dB
EADT (Effective Aperture Delay Time) +25°C - +1 ns
Aperture Time (Note 2) +25°C - 10 - ns
Aperture Uncertainty +25°C - 10 20 ps
POWER SUPPLY CHARACTERISTICS
Positive Supply Current Full 20 22 mA
Negative Supply Current Full 20 22 mA
PSRR (+V or -V, 10% Delta) Full 60 74 dB

NOTES:

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func-

tional operation under any of these conditions is not necessarily implied.
2. Derived from Computer Simulation only, not tested.

3. +CMRR is measured from 0V to +2.5V, -CMRR is measured from 0V to -2.5V.
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HA5351

Typical Performance Curves
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Typical Performance Curves (Continued)
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Typical Performance Curves (Continued)
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HA5351

Die Characteristics

DIE DIMENSIONS:
2530 x 1760 x 525 +25.4um
100 x 69 x 19 +1mils

METALLIZATION:
Type: Metal 1: AISiCu/TiW
Thickness: Metal 1: 6kA + 750A

Type: Metal 2: AISiCu
Thickness: Metal 2: 16kA + 1.1kA

GLASSIVATION:
Type: Sandwich Passivation
Nitride - 4kA, Undoped Si Glass(USG) - 8kA, Total - 12kA +2kA

SUBSTRATE POTENTIAL: V-
TRANSISTOR COUNT: 156

Metallization Mask Layout
HAS5351

GND  GND GND V+ Vs

+IN

V+

S/H CONTROL

Vour

Vour

V- V-
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HA5352

Fast Acquisition

July 1995 Dual Sample and Hold Amplifier

Features Description

¢ Fast Acquisitionto 0.01%............... 70ns (Max) The HA5352 is a fast acquisition, wide bandwidth Dual Sam-

. ple and Hold ampilifier built with the Harris HBC-10 BiCMOS

Low Offset Error .................ooonvnn 2mV (Max) process. This Sample and Hold amplifier offers the combina-

* LowPedestalError.................... +10mV (Max) tion of features; fast acquisition time (70ns to 0.01%), excel-
lent DC precision and extremely low power dissipation,

* LowDroopRate..................... 2uVius (Max) making it ideal for use in multi-channel systems that require

¢ Wide Unity Gain Bandwidth ................ 40MHz low power.

e Low Power Dissipation per Amp . ..... 220mW (Max) The HA5352 comes in an open loop configuration with fully
differential inputs providing flexibility for user defined feed-

* Total Harmonic Distortion (Hold Mode). ... ... -72dBc

.

Fully Differential Inputs
On Chip Hold Capacitor

Applications

* Synchronous Sampling
Wide Bandwidth A/D Conversion

(VIN = 5Vp_p at 1MHZ)

back. In unity gain the HA5352 is completely self-contained
and requires no external components. The on-chip 15pF
hold capacitors are completely isolated to minimize droop
rate and reduce the sensitivity of pedestal error. The
HA5352 Dual Sample and Hold is available in a 14 lead
PDIP and 16 lead SOIC packages saving board space while
its pinout is designed to simplify layout.

Ordering Information

I PART TEMPERATURE
* Deglitching NUMBER RANGE PACKAGE
* Peak Detection HA5352IP -40°C to +85°C | 14 Lead Plastic DIP
» High Speed DC Restore HA535218 -40°C to +85°C | 16 Lead Plastic SOIC (W)
Pinouts
HA5352 (300 mil SOIC) HA5352 (PDIP)
TOP VIEW TOP VIEW
7 7
GND1 [T] 6] vi+ GND1 [T] 1] v+
N2 f15] S/H1 CONTROL ant 2] < - - {13] S/H1 CONTROL
+N [3] 14] NC +IN1 3] 12] ouT
ne [3] - 3] ouT1 vi- [ ] ve-
vi- [5] 2] vo-
+IN2 [5] f10] ouT2
e g ] our iN2 [¢] = - - 19] Sm2 conTROL
N2 [7] Z - - {i0] SH2 cONTROL )
SH2
anp2 [3] 5] va. GND2 [7] 8] v+

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1995
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Specifications HA5352

Absolute Maximum Ratings Operating Conditions

Voltage Between V+and V-Terminals . . ................. +11V  Operating Temperature Range

Differential Input Voltage .. ............................ +6V HAB352L. . ... -40°C < Tp < +85°C
Voltage between S/H control and ground. . ............... +5.5V  Storage Temperature Range. ............. -65°C < Tp < +150°C
Output Current, Continuous .. ........................... +37mA  Thermal Package Characteristics 6a
Junction Temperature (Plastic Packages) .............. +150°C Plastic DIP. ... 90°C/W
Lead Temperature (Soldering, 10S) . .................. +300°C SOIC . ottt 95°C/W

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications Test Conditions: Vgyppy = 25V; Cy = Internal = 15pF, Digital Input: V= +0.0V (Sample), V}, = 4.0V
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C__ = 5pF, Unless Otherwise

Specified
HA5352!
PARAMETERS TEMP MIN l TYP T MAX UNITS

INPUT CHARACTERISTICS
Input Voltage Range Full -25 - +2.5 \
Input Resistance (Note 2) +25°C 100 500 - kQ
Input Capacitance +25°C - - 5 pF
Input Offset Voltage - +25°C -2 - 2 mV

Full -3.0 - 3.0 mV
Offset Voltage Temperature Coefficient Full - 15 - uv/ee
Bias Current Full - 25 5 A
Offset Current Full -15 - +1.5 pA
Common Mode Range Full 25 - +2.5 \Y
Common Mode Rejection (+2.5Vp¢, Note 3) Full 60 80 - dB
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (+2.5Vgy7) ’ +25°C 95 108 - dB

Full 85 - - dB
Unity Gain -3dB Bandwidth +25°C - 40 - MHz
TRANSIENT RESPONSE
Rise Time (200mV Step) +25°C - 8.5 - ns
Overshoot (200mV Step) +25°C 0 - 30 %
Slew Rate (5V Step) Full 88 105 - V/us
DIGITAL INPUT CHARACTERISTICS
Input Voltage (High) Viy +25°C, 2.1 - 5.0 \Y

+85°C
-40°C 24 - 5.0 \

Input Voltage (Low) . Vi Full 0 - 0.8 Vv

3-1
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Specifications HA5352

Electrical Specifications Test Conditions: Vgyppy = +5V; Cy = Internal = 15pF, Digital Input: Vy_ = +0.0V (Sample), Vj; = 4.0V
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C__ = 5pF, Unless Otherwise

Specified (Continued)

HA53521
PARAMETERS TEMP MIN TYP MAX UNITS
Input Current (V,_= 0V) I Full -1 - +1 pA
Input Current (Vi = 5V) ™ Full -1 - +1 pA
OUTPUT CHARACTERISTICS
Output Voltage (R, = 510Q) Full -3 - +3 Vv
Output Current (R_= 100Q) +25°C, 20 25 - mA
+85°C
-40°C 15 - - mA
Full Power Bandwidth (5Vp_p, Ay = +1, -3dB) Full - 13 - MHz
Output Resistance - Hold Mode +25°C - 0.02 - Q
TOTAL OUTPUT NOISE, D.C. TO 10MHz
Sample Mode +25°C - 325 uVrms
Hold Mode +25°C - 325 uVrms
SAMPLE MODE DISTORTION CHARACTERISTICS
Total Harmonic Distortion Vin = 4.5Vp_p, Fiy = 100kHz _+25°C - -80 -76 dBc
Vin = 5Vp.p, Fiy = TMHz +25°C - -74 -69 dBc
Vin = 1Vp.p, Fiy = 10MHz +25°C - 57 -52 dBc
Signal to Noise Ratio Vin = 4.5Vp p, Fiy = 100kHz +25°C - 73 - dB
(RMS Signal to RMS Noise)
Crosstalk Vin = 5Vp.p, Fiy = 10MHz +25°C - 75 - dB
HOLD MODE DISTORTION CHARACTERISTICS (50% Duty Cycle S/H)
Total Harmonic Distortion Vin = 4.5Vp.p, Fy = 100kHz, Fg = 100kHz +25°C - -78 -74 dBc
Vin = 5Vp.p, Fiy = IMHz, Fg = 1MHz +25°C - 72 -67 dBc
Vin = 1Vp.p, Fiy = 10MHz, Fg = 1MHz +25°C - -51 -47 dBc
Signal to Noise Ratio V)N = 4.5Vp.p, Fiy =100kHz, Fg = 100kHz +25°C - 70 - dB
(RMS Signal to RMS Noise)
SAMPLE AND HOLD CHARACTERISTICS
Acquisition Time 0V to 2.0V Step to +1mV ! +25°C - 53 - ns
0V to 2.0V Step to 0.01% (+200uV) +25°C - 64 70 ns
-2.5V to +2.5V Step to 0.01% (x500uV) +25°C - 90 100 ns
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Specifications HA5352

Electrical Specifications Test Conditions: Vgypppy = 25V; Cy = Internal = 15pF, Digital Input: V)_= +0.0V (Sample), Vjy = 4.0V
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C_ = 5pF, Unless Otherwise

Specified (Continued)

HA53521
PARAMETERS TEMP MIN TYP MAX UNITS
Droop Rate +25°C - 0.3 - uVius
Full -2 - 2 puVius
Hold Step Error (V= 0V, V) = 4.0V, tg = 5ns) Full -10 - +10 mV
Hold Mode Settling Time (to £1mV) 25°C - 50 - ns
Hold Mode Feedthrough (5Vp_p, 500kHz, Sine) 25°C - 72 - dB
EADT (Effective Aperture Delay Time) +25°C +1 - ns
Aperture Time (Note 2) +25°C - 10 - ns
Aperture Uncertainty +25°C - 10 20 ps
Aperture Match +25°C - 30 - ps
POWER SUPPLY CHARACTERISTICS
Supply Current (per Amp) Full - 20 22 mA
Total Supply Current Full - 40 44 mA
PSRR (+V or -V, 10% Delta) Full 60 74 - dB

NOTES:

1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. Func-

tional operation under any of these conditions is not necessarily implied.
2. Derived from Computer Simulation only, not tested.
3. +CMRR is measured from 0V to +2.5V, -CMRR is measured from 0V to -2.5V.
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HA5352

Die Characteristics

DIE DIMENSIONS:
2530 x 3110 x 525 +25.4um
100 x 122 x 19 £1mil

METALLIZATION:
Type: Metal 1: AISiCu/TiW
Thickness: Metal 1: 6kA + 750A

Type: Metal 2: AlSiCu
Thickness: Metal 2: 16kA + 1.1kA

GLASSIVATION:
Type: Sandwich Passivation
Nitride - 4kA, Undoped Si Glass(USG) - 8kA, Total - 12kA +2kA

SUBSTRATE POTENTIAL: V-
TRANSISTOR COUNT: 312

Metallization Mask Layout
HAS5352

-IN1 GND1 GND1 Vis Vie Vis

S/H CONTROL1
+IN1

Vourt

Vi- Vourt

Vi-

vi-

+IN2

S/H CONTROL2

-iN2 GND2 GND2 V2+ V2+ V24
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HI1179

8-Bit, 35 MSPS Video A/D Converter

Features

* Resolution 8-Bit +0.5 LSB (DNL)
* ENOB, 7.6 Bits
* Maximum Sampling Frequency 35 MSPS

(Reference Current Excluded)

Built-In Input Clamp Function (DC Restore)
No Sample/Hold Required
Internal Voltage Reference

¢ Low Power Consumption 80mW (at 35 MSPS Typ)

Description

The HI1179 is an 8-bit CMOS analog-to-digital converter for
video use that features a sync clamp function. The adoption
of a 2-step parallel method realizes low power consumption
and a maximum conversion speed of 35 MSPS, allowing up

to 8x over sampling of NTSC and PAL signals.

The HI1179 is available in the Commercial temperature
range and is supplied in 32 lead Plastic Metric Quad Flat-
pack (MQFP) package. For lower sampling rates, refer to the

HI1176 data sheet.

* Input CMOS Compatible Ordering Information
¢ Three-State TTL Compatible Output PART TEMPERATURE
¢ Single +5V Power Supply NUMBER RANGE PACKAGE
* Low Input Capacitance 8pF (Typical) HI1179J0Q 0°Ct0+75°C | 32 Lead Plastic Metric
» Reference Impedance 330Q (Typical) Quad Flatpack
¢ Evaluation Board Available: HI1179-EV
Applications
¢ Desktop Video
* Muiltimedia
* Video Digitizing
¢ Image Scanners
* Low Cost High Speed Data Acquisition Systems
Pinout
HI1179 (MQFP)
TOP VIEW
3 w 8o % 4
gxldzE s
(32 31 30 29 28 27 26 25 |
(LsB)Do CT 1|19 24T Vre
D1 T2 23|11 Avss
b2 T3 22|77 Avss
D3 CT—]|4 21T Vin
D4 CT11|5 20| [T AVpp
D5 CIT—1|6 1911 Avpp
D6 CIT—|7 18T Var
MsB) D7 CT——1|8 17 \7
(s8) [1%5 10 11 12 13 14 15 10’ | VF

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1995
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HI1179

Functional Block Diagram

DV
GE (30) VeBs
DVes REFERENCE SUPPLY Ves
Do (LsB) (1) I AVss
LOWER LOWER SAMPLING
D1 (2) LOWER ENCODER COMPARATORS 22) Avss
DATA | (4-BIT) (&-Bm)
D2 (3) LATCHES 21) Viy
03 (4) I_ LOWER LOWER SAMPLING (20) Avpp
ENCODER COMPARATORS
D4 (4-BIT) (-Bm (9) Avpp
s () UPPER 18) Var
DATA  je-
UPPER UPPER SAMPLING
D6
Q LATCHES ENCODER COMPARATORS (17) Vars
o7 (MsB) (8) (-8 a8m (16) AVpp
DVop
DV,
oo (1) CLOCK GENERATOR
cik (12)

TEST

CLE CCP Vper

Typical Application Schematic

+5V (DIGITAL)
74ACO4

CLOCKIN o :D

(16 15 14 13 12 11 10 9
17

13— 07
[ T}——o D6
T3——o D5

Da
Semmg
—T}——o D2
—T}———o0 DI
— 1 }———o0 DO

+5V (ANALOG) L 0.01pF 18

19
20
21
22
23

HA5020
VIDEO IN

- N W e 0o N®

1kQ

24
25 26 27 28 29 30 31 32

GND (ANALOG) {/ GND (DIGITAL)

) +5V (DIGITAL)
NON-CLAMP APPLICATION (INTERNAL REFERENCE USED)
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Specifications HI1179

Absolute Maximum Ratings

Supply Voltage, Vpp- oo
Reference Voltage, Vgy,VRg . - -+« - .. ..
Analog Input Voltage, Viy. .. ..o oot
Digital input Voltage . . ................
Digital Output Voltage, Vou, Vo« + -+ -+ -+«
Storage Temperature, Tg1g . .- - o o vt

Thermal Information

...... -55°C to +150°C

................ 7V Thermal Resistance
........... VDD to Vss

........... Vpp to Vgg  Operating Temperature, Ty
........... Vpp to Vgs  Maximum Junction Temperature
........... Vpp to Vg

HIM179JCQ ...

O,
122°CwW

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Recommended Operating Conditions (Note 1)

Supply Voltage Analog Input Voltage, Vi .. . ... .. Vgg to Vgt (1.8Vp_p to AVpp)
AVpp, AVgg, DVpp, DVgg - o ooeeeeee +4.75V 10 +5.25V  Clock Pulse Width
IDGND-AGND! . ... oiteei e OMV 10 100MY  Tog « e vvveeenneeeeee e eee e e eeee e aenns 14ns (Min)
Reference Input Voltage L 14ns (Min)
VRB ottt 0V and Above
VBT oo 2.7V and Below
Electrical Specifications F¢ =35 MSPS, Vpp = +5V, Vgg = 0.5V, Vgr = 2.5V, T = +25°C (Note 1)
PARAMETER | TEST CONDITIONS [ mn | oTve | max | uniT
SYSTEM PERFORMANCE
Offset Voltage
Eor -60 -40 -20 mvV
Eog +55 +75 +95 mv
Integral Non-Linearity, (INL) Fe =35 MSPS, Vjy = 0.5V to 2.5V -1.0 +0.5 +1.3 LSB
Differential Non-Linearity, (DNL) Fc =35 MSPS, Vi = 0.5V to 2.5V -0.5 +0.3 +0.5 LSB
DYNAMIC CHARACTERISTICS
ENOB Fin = 1MHz - 7.6 - Bits
Fin = 5MHz - 7.3 - Bits
Maximum Conversion Speed, Fg Vin = 0.5V to 2.5V, Fi\ = 1kHz Ramp 35 40 - MSPS
Minimum Conversion Speed, F¢ V)N = 0.5V to 2.5V, Fy = 1kHz Ramp - - 0.5 MSPS
Differential Gain Error, DG NTSC 40 IRE Mod Ramp, Fg = 14.3 MSPS - 1.0 - %
Differential Phase Error, DP - 0.5 - Degree
Aperture Jitter, tay - 30 - ps
Sampling Delay, tgp - 2 - ns
ANALOG INPUTS
Analog Input Bandwidth, BW -1dB - 25 - MHz
-3dB - 60 - MHz
Analog Input Capacitance, Ciy Vin=1.5V +0.07Vgums - 8 - pF
REFERENCE INPUT
Reference Pin Current, Igeg 45 6.1 8.7 mA
Reference Resistance (Vgtto Vgg), Rrer 230 330 440 Q
INTERNAL VOLTAGE REFERENCES
Self Bias
Vs Short Vg to Vrgs, Short Vgt to Vars 0.52 0.56 0.60 v
Var - Ves 1.96 2.10 2.24
Vgr- VRe Short Vgr to Vgrs, Short Vgg to AVgg 2.13 2.33 2.53 v
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Specifications HI1179

Electrical Specifications F¢ =35 MSPS, Vpp = +5V, Vgg = 0.5V, Vgr = 2.5V, Ty = +25°C (Note 1) (Continued)

PARAMETER | TEST CONDITIONS [ min | Typ | max | uniT
DIGITAL INPUTS
Digital Input Voltage
Vi 35 - - \%
Vi - - 05 \'
Digital Input Current
™ Vpp = Max V4= Vpp - - 5 nA
" Vi =0V - - 5 pA
DIGITAL OUTPUTS
Digital Output Current
loH OE =Vgs, Vpp=Min | Vou = Vpp-0.5V -1.1 -25 - mA
loL VoL = 0.4V 37 65 - mA
Digital Output Leakage Current
lozn OE = Vpp, Vpp = Max Vou = Vpp - - 16 pA
lozL VoL =0V - - 16 pA
TIMING CHARACTERISTICS
Output Data Delay, tp Load is One TTL Gate 7 13 18 ns
Output Enable/Disable Delay tpzL - 6.8 - ns
tpLz - 7.2 - ns
tpHz - 6.6 - ns
tpzH - 7.8 - ns
POWER SUPPLY CHARACTERISTIC
Supply Current, Ipp Fe = 35 MSPS, NTSC Ramp Wave Input I - l 16 I 22 I mA
CLAMP CHARACTERISTICS
Clamp Offset Voltage, Eoc V|\ = DC, PWS = 3us VRger = 0.5V -20 0 +20 mV
VRer = 2.5V -30 -10 +10 mv
Clamp Pulse Delay, tcpp - 25 - ns
NOTE:

1. Electrical specifications guaranteed only under the stated operating conditions.

Timing Diagrams
Tewi Tewo
cLock 4 | \ [
ANALOG INPUT N P D —
N-2 N+3 N+4
DATA OUTPUT - * N-3 x v | X v | X N X | na
—
tp=13ns

©: POINT FOR ANALOG SIGNAL SAMPLING
FIGURE 1.
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Timing Diagrams (Continued)

ANALOG INPUT

EXTERNAL CLOCK

UPPER COMPARATOR BLOCK

UPPER DATA

LOWER REFERENCE VOLTAGE

LOWER COMPARATOR BLOCK A

LOWER DATA A

LOWER COMPARATOR BLOCK B

LOWER DATA B

vi(h) Vi(2)

vid)

Vi(4)

—

1 | L |

—

|so]eco]sa]cal] safcal] sa] ca]

)( MD (0) X MD (1) X MD (2) X MD (3) )C

y RV (0) X RV (1) X RV (2) X RV (3) X

| s) | H(1)

| cM | s @) |

H(3)

o]

X

LD (-1) X

LD (1)

X

H(0)

l co | se | HE)

| ca| sl

H

)

LD (-2) X LD (0)

X

LD (2)

DIGITAL OUTPUT >( OUT (-2) X OUT (-1) X OUT (0) X ouT (1) )C

7V (tpzL, tp12)

OPEN
S, (tpzHs trHz)
Ry
500Q
FROM OUTPUT
UNDER TEST
1 c shR
T 15pF > 5000

FIGURE 3A. THREE-STATE LOAD CIRCUIT

FIGURE 2.

OE

DATA
OUTPUT
WAVEFORM 1

TEST
POINT

DATA
OUTPUT
WAVEFORM 2

FIGURE 3.

TN

—

Z— 4v
1.4v

1.4V
\ / ov
tez —> tp 2 [
7 VoL
Foav
tozn —>1 tpyz [
y 0.3v

1.4v

FIGURE 3B. THREE-STATE OUTPUT ENABLE/DISABLE TIMES
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Typical Performance Curves r; = 35MSPS, T, = +25°C, Unless Otherwise Specified
C A

8.0
Fc = 35MHz
e \\
8 \
7.0
@ \\
N \\
6.0
1 5 7.5 10 15
Fix (MHzZ)
FIGURE 4. ENOB vs INPUT FREQUENCY
8.5
8.0
Fiy = 1MHz
7.5
Fi = 5MHz
8 \
2 70
w Fin = 10MHz
6.5
6.0
5.5
20 27 35 40
CLOCK FREQUENCY (MHz)
FIGURE 6. ENOB vs CLOCK FREQUENCY
9
Fc = 35MHz
8 Fiy = 1MHz
o Fiy = 5MHz
[ £>~=—_
=7
w

Fin = 10MHz

25 50
TEMPERATURE (°C)

FIGURE 8. ENOB vs TEMPERATURE

75

HARMONICS (dBc)
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-30
Fe = 35MHz
-40
SECOND HARMONIC //
50 /]
THIRD W/
-60
/ /
70
5 7.5 10 15
Fin (MHz)
FIGURE 5. HARMONICS vs INPUT FREQUENCY
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FIGURE 7. THD vs TEMPERATURE
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FIGURE 9. SFDR vs TEMPERATURE
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Typical Performance Curves F¢ =35 MSPS, T, = +25°C, Unless Otherwise Specified (Continued)

0 150
\\ T = +75°C
\ s //
& - ‘ E Vpp = 5V "1
T 100
5 8 — |
g £
i o
7]
= 7]
g” 2
3 g 50 Vpp =4V
°
o
3 H
(]
0.1 1 10 100 0 5 10 15 20 25 30 35 40
Fin (MHz) CLOCK FREQUENCY (MHz)
FIGURE 10. OUTPUT LEVEL vs INPUT FREQUENCY FIGURE 11. POWER DISSIPATION vs CLOCK FREQUENCY
Pin Number Description
PIN
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION
1-8 DO to D7 DO (LSB) to D7 (MSB) output.
D1
9 NC This pin must be left open. Used for test purposes
only.
10 DVpp Digital +5V.
12 CLK DVoo Clock input.
DVgs

4-9
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Pin Number Description (Continued)

PIN
NUMBER SYMBOL " EQUIVALENT CIRCUIT DESCRIPTION
11,13,14 TEST oV, Pin 11 must be connected to DVpp. Pin 13, and
oo Pin 14 must be connected to DVpp or DVgg. Used
@ for test purposes only.
DVgg
15 CLP Clamp pulse input. The input signal voltage is
I DVop clamped to Vggr while the clamp pulse is low.
DVgs
16, 19, 20 AVpp Analog +5V.
17 Vgrs AV When shorted with Vg, generates approximately
% oo +2.6V.
18 Vgt Reference voltage (top).
24 Vgs Reference voltage (bottom).
21 Vin AVpp Analog input.
sro-
5o
*o_|
AVss
22,23 AVgg Analog ground.
25 Vges When shorted with Vgg, generates approximately

+0.5V.

4-10
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Pin Number Description (Continued)

PIN
NUMBER SYMBOL EQUIVALENT CIRCUIT DESCRIPTION
26 VRer o AVpp Clamp reference voltage input.
-]
0 AVgg

27 CCP AVpp Integrates the voltage for clamp control.

CCP and V| voltage changes are in phase.
AVgg
28, 31 DVsgg Digital ground.

29 CLE When CLE is low, clamp function is activated.
When CLE is high, clamp function is OFF and only
the usual A/D converter function is active.

By connecting CLE pin to DVpp, via a several hun-
dred Q resistance, the clamp pulse can be tested.

30 OE When OE is low, data is valid.

When OE is high, DO to D7 pins are high imped-
ance.
O DVss
A/D OUTPUT CODE TABLE
INPUT SIGNAL DIGITAL OUTPUT CODE
VOLTAGE STEP MSB LSB
VRt 255 1 1 1 1 1 1 1 1
. .
* L] .
* . L]
.
. 128 1 0 0 0 0 0 0 0
* 127 0 1 1 1 1 1 1 1
° . .
' 0 0 0 0 0 0 0 0 0

4-11
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Detailed Description

The HI1179 is a 2-step A/D converter featuring a 4-bit upper
comparator group and two lower comparator groups of 4 bits
each. The reference voltage can be obtained from the
onboard bias generator or be supplied externally. This IC uses
an offset canceling type comparator that operates synchro-
nously with an external clock. The operating modes of the part
are input sampling/autozero (S), hold (H), and compare (C).

The operation of the part is illustrated in Figure 2. A reference
voltage that is between Vgr-Vgg is constantly applied to the
upper 4-bit comparator group. V(1) is sampled with the falling
edge of the first clock by the upper comparator block. The
lower block A also samples V(1) on the same edge. The
upper comparator block finalizes comparison data MD(1) with
the rising edge of the first clock. Simultaneously the reference
supply generates a reference voltage RV(1) that corresponds
to the upper results and applies it to the lower comparator
block A. The lower comparator block finalizes comparison
data LD(1) with the rising edge of the second clock. MD(1)
and LD(1) are combined and output as OUT(1) with the rising
edge of the third clock. There is a 2.5 clock cycle delay from
the analog input sampling point to the corresponding digital
output data. Notice how the lower comparator blocks A and B
alternate generating the lower data in order to increase the
overall A/D sampling rate.

Power, Grounding, and Decoupling

Separate analog and digital grounds to reduce noise effects,
connecting them at a single point near the HI1179. Analog
and digital power should also be separated for optimum per-
formance. If a single 5V supply is used, isolate the analog
and digital power with an inductor or ferrite bead to minimize
the digital noise on the analog supply.

Bypass both the digital and analog Vpp pins to their respec-
tive grounds with a ceramic 0.1uF capacitor close to the pin.

Analog Input

The analog input capacitance is small when compared with
other flash type A/D converters. However, it is necessary to
drive the input with a low impedance source with sufficient
bandwidth and drive capability.

Op amps such as the HA-2544, the HA5020 and the
HFA1100 family should make excellent input amplifiers
depending on the applications requirements. In order to
prevent parasitic oscillation, it may be necessary to insert a
resistor between the output of the amplifier and the A/D input.

The input can be AC or DC coupled. If AC coupled the input
will float to about 1/2(Vgt + Vgrg). The other option is to use
the internal clamp, which will be discussed later. When DC
coupling the input be sure to disable the clamp function
(CLE, pin 29). )

Reference Input

The HI1179 has an internal reference with the option to use
an external reference if more accuracy is desired.

The analog input range of the A/D is set by the voltage
between Vgt and Vgg. The internal reference can be used
by shorting Vgt to Vgrg and Vgg to Vrgs. The internal bias
generator will set Vgy to about 2.6V and Vg to about 0.6V.
The analog input range of the A/D will now be from 0.6V to
2.6V. The internal reference may be subjected to power sup-
ply variations since the internal reference resistor ladder is
connected directly to Vpp and Vgg. Any supply variations
can be minimized by good decoupling of Vgt and Vgg.

An external reference can be used for increased accuracy,
by connecting the reference voltage to Vgr and Vpg. If an
external reference is used, Vgt should be keep below 2.8V
and (Vg - VRrg) should be less than 2.8V and greater than
1.8V. If a Vg below +0.6V is used the linearity of the part
may degrade. An ICL8069 reference and a dual op amp,
with outputs connect to Vgt and Vgg, makes a good, low
cost external reference.

Bypass Vit and Vg to analog ground with a 0.1puF capaci-
tor when using either internal or external references.

Clamp Operation

The HI1179 provides a clamp (DC restore) option that allows
the user to clamp a portion of the analog input to a voltage
set by the Vrep pin before the signal is digitized. The clamp
function is enabled by tying CLE low. In this case a negative
going pulse is sent to the CLP pin. V)y will now be clamped
during the low period of the clamp pulse to the voltage on
the VRgr pin. Figure 15 shows the Hi1179 configured for this
mode of operation.The clamp pulse is latched by the ADC
sampling clock through an external latch. This is not neces-
sary to the operation of the clamp function but in video appli-
cations, if this is not done, then a slight beat might be
generated as vertical sag according to the relation between
the sampling frequency and the clamp frequency. The puise
width of the input clamp pulse will depend on the input sig-
nal. For example, a 1us pulse width will allow the user to
clamp the back porch of an NTSC input signal to the refer-
ence voltage, Vger.

The clamp can be disabled by tying CLE high and then the
HI1179 acts like a normal A/D converter, accepting a DC
coupled input. The Typical Application Schematic illustrates
the operation of HI1179 when the clamp function is not used.

Additional information on the HI1179 is available in Applica-
tion Note #9407, “Using the HI1176/HI1179 Evaluation
Board”.
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Test Circuits

- -
. | S1:ONIFA<B
. S1 | S2:ONIFA>B
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]
% I l
1 1
vé
A<B A>B
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uiize 7 A8 B8 |y BUFFER
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— j—
bred LU pot
DVM 1 [ 000+¢<00
CLK (35MHz) 8 TO
I 111 eee10
CONTROLLER

FIGURE 12. INTEGRAL AND DIFFERENTIAL NON-LINEARITY ERROR AND OFFSET VOLTAGE TEST CIRCUIT

A/D

CONVERTERS

26v ERROR RATE
SG HPF COUNTER
HI20201
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- puT 8 T‘ .8 10 BIT
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FIGURE 13. MAXIMUM OPERATIONAL SPEED AND DIFFERENTIAL GAIN AND PHASE ERROR TEST CIRCUIT
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FIGURE 14A. FIGURE 14B.

FIGURE 14. DIGITAL OUTPUT CURRENT TEST CIRCUIT
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Typical Application Circuits

+5V (DIGITAL)

- N W s 0O N

74ACO4 —
CLOCK IN I
S -| RAARAARA
CLAMP LATCH
PULSE IN Q
(76 15 14 13 12 11 10 9
17
+5V (ANALOG) %: 0.014F 13
19
HA5020 ) "
104F
VIDEO IN N b ne 21
: AN X
10pF = r 2
-
1k 0.01uF = 2
1K r 24
25 26 27 28 29 30 31 32
+5V (ANALOG)

20k S VREF

GND (ANALOG) é

0.01pF

0.1uF

!
1
il

T)—o D7
[ T}—o D6
[ T}—o D5
[ T)}———o D4
T}—o D3
[ T}———o D2
[T3——o D1
T}—o DO

GND (DIGITAL)

FIGURE 15. INPUT CLAMP APPLICATION (INTERNAL REFERENCE USED)

ICL8069

REFERENCE

w AD DSP/uP D/A
HA5020 (Single) HI1179 (8-Bit) HSP9501 HI1171 (8-Bit)
HA5022(Dual) HSP48410 CA3338 (8-Bit)
HA5024 (Quad) HSP48908
HA5013 (Triple) HSP48901
HFA1105(Single) HSP48212
HFA1205(Dual) HSP43881
HFA1405(Quad) HSP43168

HSP9501: Programmable Data Buffer

HSP48410: Histogrammer/Accumulating Buffer, 10-Bit Pixel Resolution, 4K x 4K Frame Size

HSP48908: 2-D Convolver, 3 x 3 Kernal Convolution, 8-Bit
HSP48901: 3 x 3 Image Filter, 30MHz, 8-Bit

HSP48212: Video Mixer

HSP43881: Digital Filter, 30MHz, 1-D and 2-D FIR Filters
HSP43168: Dual FIR Filter, 10-Bit, 33MHz/45MHz

CMOS Logic Available in HC, HCT, AC, ACT and FCT.

FIGURE 16. 8-BIT VIDEO COMPONENTS

>

HAS5020 (Single)
HA2842 (Single)
HFA1115 (Single)
HFA1212 (Dual)
HFA1412 (Quad)
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Static Performance Definitions

Offset, full-scale, and gain all use a measured value of the
internal voltage reference to determine the ideal plus and
minus full-scale values. The results are all displayed in
LSB's.

Offset Error (VOS)

The first code transition should occur at a level 1/2 LSB
above the negative full-scale. Offset is defined as the devia-
tion of the actual code transition from this point. Note that
this is adjustable to zero.

Full-Scale Error (FSE)

The last code transition should occur for a analog input that
is 1 and 1/2 LSB's below positive full-scale. Full-scale error
is defined as the deviation of the actual code transition from
this point.

Differential Linearity Error (DNL)

DNL is the worst case deviation of a code width from the
ideal value of 1LSB. The converter is guaranteed to have no
missing codes.

Integral Linearity Error (INL)

INL is the worst case deviation of a code center from a best
fit straight line calculated from the measured data.

Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evalu-
ate the dynamic performance of the HI1179. A low distortion
sine wave is applied to the input, it is sampled, and the out-
put is stored in RAM. The data is then transformed into the
frequency domain with a 1024 point FFT and analyzed to
evaluate the dynamic performance of the A/D. The sine
wave input to the part is -0.5dB down from fullscale for all
these tests. The distortion numbers are quoted in dBc (deci-
bels with respect to carrier) and DO NOT include any correc-
tion factors for normalizing to fullscale.

Signal-to-Noise Ratio (SNR)

SNR is the measured RMS signal to RMS noise at a speci-
fied input and sampling frequency. The noise is the RMS
sum of all of the spectral components except the fundamen-
tal and the first five harmonics.

Signal-to-Noise + Distortion Ratio (SINAD)

SINAD is the measured RMS signal to RMS sum of all other
spectral components below the Nyquist frequency excluding
DC.

Effective Number Of Bits (ENOB)

The effective number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + Vcopp) / 6.02

where: Vgopg = 0.5dB

Total Harmonic Distortion

This is the ratio of the RMS sum of the first 5 harmonic com-
ponents to the RMS value of the measured input signal.

2nd and 3rd Harmonic Distortion

This is the ratio of the RMS value of the 2nd and 3rd har-
monic component respectively to the RMS value of the mea-
sured input signal.

Spurious Free Dynamic Range (SFDR)

SFDR is the ratio of the fundamental RMS amplitude to the
RMS amplitude of the next largest spur or spectral compo-
nent. If the harmonics are buried in the noise floor it is the
largest peak.

Full Power Input Bandwidth

Full power bandwidth is the frequency at which the ampli-
tude of the digitally reconstructed output has decreased 3dB
below the amplitude of the input sine wave. The input sine
wave has a peak-to-peak amplitude equal to the reference
voltage. The bandwidth given is measured at the specified
sampling frequency.

Timing Definitions
Sampling Delay (tgp)

Sampling delay is the time delay between the external sam-
ple command (the falling edge of the clock) and the time at
which the signal is actually sampled. This delay is due to
internal clock path propagation delays.

Aperture Jitter (t5,)

This is the RMS variation in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>