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HARRIS LINEAR PRODUCTS

Harris Semiconductor is a pioneer in developing and producing advanced Linear
products for the most demanding Commercial, Industrial and’ Automotive applications
worldwide. Harris offers an extensive line of Linear components including: High Speed
and General Purpose Op Amps, Comparators, Sample/Hold Amps, Video Crosspoint
Switches, Special Analog Circuits and Transistor Arrays.

This data book fully describes Harris Semiconductor's Linear ICs. It includes a
complete set of data sheets for product specifications, application notes with design
details for specific applications of Harris products, and a description of the Harris
Quality and Reliability program. Section 12, Harris’ On-Line Services, describes how
our customers have access to the most recent technical updates.

It is our intention to provide you with the most up-to-date information on Linear
Products. For complete, current and detailed technical specifications on any Harris
devices, please contact the nearest Harris sales, representative or distributor office,
listed in Section 13; or direct literature requests to:

Harris Semiconductor Data Services Department
P.O. Box 883, MS 53-204 '
Melbourne, FL 32902
Phone: 1-800-442-7747
Fax: 407-724-7240

For a complete listing of all Harris Semiconductor products, please refer to the Product
Selection Guide (PSG201; ordering information above).

See Section 12 for Harris’ On-Line Services

Harris Semiconductor products are sold by description only. Harris Semiconductor reserves
the right to make changes in circuit design and/or specifications at any time without notice.
Accordingly, the reader is cautioned to verify that data sheets are current before placing
orders. Information furnished by Harris is believed to be accurate and reliable. However, no
responsibility is assumed by Harris or its subsidiaries for its use; nor for any infringements of
patents or other rights of third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of Harris or its subsidiaries.
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LINEAR INTEGRATED CIRCUITS

FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS
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New High Speed Linear Products

VIDEO OP AMPS AND BUFFERS

HFA1109
LOW POWER, WIDEBAND, VIDEO OP AMP

HFA1145
LOW POWER VIDEO OP AMP WITH DISABLE

AnswerFAX DOCUMENT # 4019

AnswerFAX DOCUMENT # 3955

e -3dBBandwidth. ......................... 330MHz
e HighSlewRate.......................... 1000V/us
* Differential Gain/Phase ........... 0.02%/0.03 Degrees
e Gain Flatnessto 75MHz. .. .................... +0.1dB
e LowSupplyCurrent. .............. ... 6mA

¢ Output Enable/Disable (Ton/Topr = 180ns/35ns)
8 Lead PDIP and SOIC

HFA1113
PROG. GAIN VIDEO BUFFER WITH OUTPUT LIMITING

e Wide -3dB Bandwidth ..................... 550MHz
e HighSlewRate ......................... 1200V/us
* Gain Flatness to 250MHz . . . .. AU +0.5dB
¢ Fast Settling Time (0.1%). .. ........ . vvevan.. 17ns
« Differential Gain/Phase .......... 0.02%/0.02 Degrees
e LowSupplyCurrent......................... 10mA
¢ 8 Lead PDIP and SOIC
HFA1105.
LOW POWER VIDEO OP AMP
AnswerFAX DOCUMENT # 3395

e -3dB Bandwidth (Ay=+42) .................. 330MHz
e HighSlewRate ......................... 1000V/us
e GainFlatnessto 75MHz. . ..................... +0.1dB
¢ Fast Settling Time (0.1%). ... ....... ...ttt 15ns
¢ Differential Gain/Phase .......... 0.02%/0.03 Degrees
e LowSupplyCurrent.......................... 6mA

8 Lead PDIP and SOIC

AnswerFAX DOCUMENT # 1342
e Wide-3dBBandwidth . .. ................... 850MHz
HighSlewRate................ ... ... .. 2400V/us
Differential Gain/Phase .......... 0.02%/0.04 Degrees
¢ User Programmable Gain of +2, +1
* User Programmable Output Limiting
8 Lead PDIP and SOIC

HFA1106
VIDEO OP AMP WITH EXTERNAL COMPENSATION

HFA1114
CABLE DRIVING BUFFER WITH SUMMING NODE

AnswerFAX DOCUMENT # 3922

-3dBBandwidth.. ........... .. ... ... 315MHz
HighSlewRate .......................... 700V/us
Differential Gain/Phase. . ......... 0.02%/0.05 Degrees
Low SupplyCurrent . .. ... ..., 5.8mA

Compensation Pin for Bandwidth Limiting
8 Lead PDIP and SOIC

AnswerFAX DOCUMENT # 3151
Wide -3dB Bandwidth . . .................... 850MHz
HighSlewRate.......................... 2400V/us
Differential Gain/Phase .......... 0.02%/0.04 Degrees
User Programmable Gain (+2, +1)

¢ Summing Node Pinout Enables Tailoring of System
Response For Cable Length

8 Lead PDIP and SOIC

HA4600
400MHz VIDEO BUFFER WITH OUTPUT DISABLE

.

HFA1149
LOW POWER, WIDEBAND OP AMP
WITH OUTPUT DISABLE
AnswerFAX DOCUMENT # 4019
Wide -3dB Bandwidth . .................... 550MHz
HighSlewRate ......................... 1200V/us
Gain Flatnessto 250MHz ................... +0.5dB
Differential Gain/Phase .......... 0.02%/0.02 Degrees
Low SupplyCurrent. . ............ ... .. ..., 10mA
Fast Enable/Disable Times ................ 18ns/11ns

8 Lead PDIP and SOIC

AnswerFAX DOCUMENT # 3990

* Low Power Dissipation ..................... 105mw
¢ Symmetrical SlewRates. . ................ 1700V/us
e 0.1dBGainFlatness .. .................... 250MHz
e Off Isolation (100MHz) ....................... 85dB
 Differential Gain and Phase ....... 0.01%/0.01Degrees
e HighESDRating............. ... oo >2000V
* 8 Lead PDIP and SOIC
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New High Speed Linear Products

HFA1135
VIDEO OP AMP WITH OUTPUT LIMITING

HFA1245 ,
DUAL LOW POWER VIDEO AMP WITH DISABLE

AnswerFAX DOCUMENT # 3653

~ AnswerFAX DOCUMENT # 3682

e -3dBBandwidth . ......................... 360MHz ¢ -3dB Bandwidth (Ay=+2).................. 530MHz
e HighSlewRate ...................... ... 1200V/us < HighSlewRate......................... 1050V/us
¢ Fast Settling Time (0.1%). ... ...t 16ns e Differential Gain/Phase .......... 0.02%/0.03 Degrees
¢ Differential Gain/Phase. . ......... 0.02%/0.04 Degrees ¢ Gain Flatnessto 50MHz. ..................... +0.11dB
e LowSupplyCurrent. ........... ..., .7mA ¢ Low Supply Current. . .................. 6mA/Op Amp
¢ User Programmable Output Limiting ¢ Output Enable/Disable (Ton/Togr = 160ns/20ns)
e Fast Overdrive Recovery ...................... <1ns ¢ 14 Lead PDIP and SOIC
¢ 8 Lead PDIP and SOIC
HFA1115 HFA1405
LOW POWER PROGRAMMABLE GAIN VIDEO BUFFER QUAD LOW POWER VIDEO OP AMP
AnswerFAX DOCUMENT # 3606 AnswerFAX DOCUMENT # 3604
e 3dBBandwidth.......................... 225MHz ¢ -3dB Bandwidth (Ay=+2).................. 560MHz
e HighSlewRate ............ccoovienennn. 1100V/us * HighSlewRate......................... 1700V/us
« Differential Gain/Phase. .......... 0.02%/0.03 Degrees  * Differential Gain/Phase .......... 0.02%/0.03 Degrees
¢ User Programmable Gain (+2, £1) e Gain Flatnessto 50MHz. . .................... +0.03dB
¢ User Programmable Output Limiting e Low SupplyCurrent. . ................. 6mA/Op Amp
o Low SupplyCurrent . .. ...t 7mA ¢ 14 Lead SOIC and PDIP
¢ 8 Lead PDIP and SOIC
HFA1205 HFA1412
DUAL LOW POWER VIDEO OP AMP QUAD PROGRAMMABLE GAIN VIDEO BUFFER
AnswerFAX DOCUMENT # 3605 AnswerFAX DOCUMENT # 4152
e -3dB Bandwidth (Ay=+2) .................. 400MHz ¢ -3dBBandwidth (Ay=+2).................. 350MHz
e HighSlewRate ......................... 1275V/us © HighSlewRate......................... 1100V/us
* Differential Gain/Phase. .......... 0.03%/0.03 Degrees ¢ Differential Gain/Phase .......... 0.02%/0.02 Degrees
e Low SupplyCurrent. ................. 6mA/Op Amp ¢ User Programmable Gain (+2, +1)
* Gain Flatness to 50MHz ................... 20.03dB * Low SupplyCurrent................... 6mA/Op Amp

8 Lead PDIP and SOIC

HFA1212
DUAL PROGRAMMABLE GAIN VIDEO BUFFER

14 Lead PDIP and SOIC

AnswerFAX DOCUMENT # 3607

o -3dB Bandwidth (Ay =42) ... ..covvvrnnn. 350MHz
e HighSlewRate ......................... 1100V/us
« Differential Gain/Phase. .......... 0.02%/0.02 Degrees
¢ User Programmable Gain (+2, £1)

e Low SupplyCurrent.................. 6mA/Op Amp

8 Lead PDIP and SOIC

HA5023/HA5013/HA5025
DUAL/TRIPLE/QUAD VIDEO OP AMPS

.

3

AnswerFAX DOCUMENT # 3393/3654/3591

-3dBBandwidth. ................ ... 0. 125MHz
SlewRate ............ .. .. ... ..l 475V/us
Differential Gain/Phase . ......... 0.03%/0.03 Degrees
High ESD Protection........................4000V
Low Supply Current. ... ............. 7.5mA/Op Amp
+5V to £15V Operation

PDIP and SOIC




New High Speed Linear Products

HA-5020/HA5022/HA5024
SINGLE/DUAL/QUAD VIDEO OP AMP WITH DISABLE

AnswerFAX DOCUMENT # 2845/3392/3550

e -3dBBandwidth............... ... ... .. 125MHz
» Differential Gain/Phase. .. ........ 0.03%/0.03 Degrees
¢ HighESD Protection........................ 4000V
e Low SupplyCurrent. . ............... 7.5mA/Op Amp
¢ 15V to +15V Operation
¢ Individual Output Disable/Enable
* PDIP and SOIC

SAMPLE/HOLD

HAS5351

FAST ACQUISITION SAMPLE/HOLD

3

AnswerFAX DOCUMENT # 3690

Fast Acquisitiont0 0.01% ..................... 70ns
Low OffsetError ...t 2mV
Low Pedestal Error .............. ..o 10mV
LowDroopRate. ................ ... ... ... 2uVius
Wide Unity Gain Bandwidth. . ................ 40MHz
Low THD (HoldMode). ................ ...t -72dBc
Low Power Dissipation, .. ................... 220mwW
8 Lead PDIP and SOIC
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New High Speed Linear Products

PIN DRIVER
HFA5251 HFA5253
ULTRA HIGH SPEED ATE PIN DRIVERS ULTRA HIGH SPEED ATE PIN DRIVER
AnswerFAX DOCUMENT # 3689 AnswerFAX DOCUMENT # 4003
e HighECLDataRate ...................... 800MHz = HighECLDataRate...................... 800MHz
* 1VppRise/FallTime ........................ 500ps <+ 1VppRise/FallTime........................ 500ps
¢ Precise Output Impedance .................... 50Q e WideOutputSwing...................... -3V to +8V
e OutputSwing. ...l -2Vto+7V e Precise Outputimpedance ..................... 50Q
¢ High Impedance Three-State Output Control e HiZOutputleakage . ....................... 100nA
¢ Die Form Only * Slew Rate Control
* 20 Lead Power SOIC and Die
WIRELESS COMMUNICATIONS
HFA3046, HFA3096, HFA3127, HFA3128 HFA3102
ULTRA HIGH FREQUENCY TRANSISTOR ARRAYS DUAL DIFFERENTIAL AMPLIFIER
AnswerFAX DOCUMENT # 3076 AnswerFAX DOCUMENT # 3635
e NPNTransistorFy .......................... 8GHz e High Gain Bandwidth Product................ 10GHz
* NPNCurrentGain (hgg). . ... c.convvvniiinenn, 70 e+ High Power Gain BW Product. ................ 5GHz
e PNPTransistor Fr ..., 5.5GHz <« HighCurrentGain(hgg) ................covitt. 70
e PNPCurrentGain (hgg). .......cooivviint, 40  Noise Figure (Transistor) .................... 3.5dB
* 14 Lead SOIC (HFA3046) ¢ Low Collector Leakage Current .............. <0.01nA
* 16 Lead SOIC (HFA3096, HFA3127, HFA3128) ¢ Excellent hgg and Vg Matching
¢ Pin Compatible to UPA102G
* 14 Lead SOIC
HFA3101 . HFA3600 .
GILBERT CELL TRANSISTOR ARRAY LOW NOISE AMPLIFIER/MIXER
AnswerFAX DOCUMENT # 3663 AnswerFAX DOCUMENT # 3655
¢ NPN Transistor Array Configured as a Gilbert Cell * Low Noise Figure
* High Gain Bandwidth Product . ............... 10GHz - IEANA -------------------------- 12-11333 a: gggm:z
. Hi : = Mixer ... . al z
: gg’:::g:fg:;w Product oo SOER N Mier. L 3.97dB at 900MHz
¢ High Power Gain
* Low Collector Leakage Current.............. <0.01nA CLNA 12.8dB at 900MHz
* Pin Compatible to UPA101 - MiXer . ... 7.0dB at 900MHz
* 8Lead SOIC - LNA+Mixer................... 19.8dB at 900MHz
¢ High Intercept
SENA L +12.8dBm at Output
= Mixer ...l +3.2dBm at Output
- LNA+Mixer. ................... -16.7dBm at Input
¢ 14 Lead SOIC
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VIDEO CROSSPOINT SWITCHES

HA4201
WIDEBAND CROSSPOINT SWITCH WITH TALLY OUTPUT

HA4404B
400MHz 4 x 1, VIDEO CROSSPOINT SWITCH

AnswerFAX DOCUMENT # 3680

¢ Low Power Dissipation. .................... 105mW
¢ Symmetrical SlewRates .................. 1700V/ps
e 0.1dBGainFlatness ...................... 250MHz
o Off Isolation (100MHz). .. .................... 85dB
e Differential Gain........................... 0.01%
* Differential Phase..................... 0.01 Degrees

8 Lead PDIP and SOIC

AnswerFAX DOCUMENT # 3678
¢ Open Collector Tally Outputs

¢ Low Power Dissipation . .................... 105mwW
¢ Symmetrical SlewRates.................. 1400V/us
e 0.1dBGainFlatness ... ................... 165MHz
 Differential Gain/Phase . ......... 0.01%/0.01 Degrees

¢ 16 Lead PDIP and SOIC

HA4244
WIDEBAND CROSSPOINT SWITCH
WITH LATCHED CONTROL SIGNAL

AnswerFAX DOCUMENT # 4078
Synchronous Enable Control (Latched)

.

HA455
HIGH PERFORMANCE 8 x 8 VIDEO CROSSPOINT SWITCH
AnswerFAX DOCUMENT # 4244
¢ Fully Buffered Inputs and Outputs (A, = +1)
e Wide-3dBBandwidth . .................... 130MHz
e SlewRate .................. .. i 250V/us
« Differential Gain/Phase ... ....... 0.02%/0.02 Degrees
e Crosstalk (at1OMHz) ....................... -60dB

¢ 44 Lead MQFP

* Low Power Dissipation. .................... 105mW
e Symmetrical SlewRates .................. 1700V/us
e 0.1dBGainFlatness ...................... 250MHz
¢ Off Isolation (100MHz). ...................... 85dB
e DifferentialGain.................. ... ... ... 0.01%
« Differential Phase. .................... 0.01 Degrees
¢ 8 Lead SOIC
HA4314B

400MHz 4 x 1, VIDEO CROSSPOINT SWITCH

AnswerFAX DOCUMENT # 3679

HA456
80MHz, LOW POWER 8 x 8 VIDEO CROSSPOINT SWITCH

AnswerFAX DOCUMENT # 4153
Fully Buffered Inputs and Outputs (Ay = +1)

3

¢ Low Power Dissipation. .................... 105mW o 3dB Bandwidth. .. ... oo 80MHz
* Symmetrical Slew Rates .................. 1400V/uS o SlewRate . .......ccoviiieranennnnnn.. 170V/us
* 0.1dB GainFlatness ...................... 100MHz  « Differential Gain/Phase . . . . ....... 0.04%/0.2 Degrees
* Differential Gain/Phase .......... 0.01%/0.01 Degrees « Crosstalk (at 10MHz) . ...................... -60dB
¢ Pin Compatible to GX4314/L ¢ 44 Lead PLCC and MQFP

* 14 Lead PDIP and SOIC

HA4344B HA457
400MHz 4 x 1, WIDEBAND, Ay =2, 8 x 8 VIDEO CROSSPOINT SWITCH
VIDEO CROSSPOINT SWITCH

AnswerFAX DOCUMENT # 3956
¢ Synchronous Controls (Latched)

e Low Power Dissipation. . ................... 105mW
¢ Symmetrical SlewRates .................. 1400V/us
e 0.1dBGainFlatness ...................... 165MHz
¢ Differential Gain/Phase .......... 0.01%/0.01 Degrees

16 Lead PDIP and SOIC

AnswerFAX DOCUMENT # 4231
Fully Buffered Inputs and Outputs (Ay = +2)

e Wide -3dBBandwidth ... .................. 150MHz
e SlewRate ............. ... .. i, 350V/us
* Differential Gain/Phase .......... 0.01%/0.02 Degrees
e Crosstalk (at 1OMHz) ....................... -60dB
* 44 Lead MQFP
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
3507J HA2-2525-5 Yes
3508J HA2-2625-5 Yes
3551J HA2-5162-5 T Reduced Igjag/greater Bandwidth
35518 HA2-5160-2 T Reduced Igjpg/greater Bandwidth
AD389BD HA1-56320-2 No Faster Acquisition/Reduced Droop
AD389KD HA1-5320-5 No Faster Acquisition/Reduced Droop
AD507JH HA2-2625-5 Yes
AD507KH HA2-2625-5 Yes
AD507SH HA2-2620-2 Yes
AD509JH HA2-2525-5 Yes Substitute HA2-2529-5
AD509KH HA2-2525-5 Yes Substitute HA2-2529-5
AD509SH HA2-2520-2 Yes Substitute HA2-2529-2
AD518JH HA2-2515-5 Yes
AD518JN HA3-2515-5 Yes
AD518KH HA2-2515-5 Yes
AD518SH HA2-2510-2 Yes
AD539JD HA1-2547-5 No Enhanced Bandwidth
AD539KD HA1-2547-5 No Enhanced Bandwidth
AD539SD HA1-2547-9 No Enhanced Bandwidth
AD542JH HA1-5170-5 T Enhanced ACs
AD5539JN HA3-2839-5 T
AD5539JQ HA1-2839-5 T
AD5539SQ HA1-2539-2 T+
AD582KD HA1-2425-5 No Faster Acquisition/Enhanced ACs
AD582SD HA1-2420-2 No Faster Acquisition/Enhanced ACs
AD583KD HA1-2425-5 Yes Faster Acquisition/Greater oyt
AD585AQ HA1-5320-5 No Faster Acquisition/Reduced Droop
AD5855Q HA1-5320-2 No Faster Acquisition/Reduced Droop
AD8001AN HFA11051P Yes
AD8001AR HFA11051B Yes
AD810AN HA3-5020-9 Yes Better AC Specifications
AD811AN HA3-5020-9 Yes Lower Power
AD811AR-8 HFA11051B Yes Lower Power, Better AC Specs
AD8115Q/883 HA7-5020/883 Yes Lower Power, Price
AD812AN HA5023IP Yes Better AC and Video Specs
AD812AR HA5023IB Yes Better Video Spec
AD812AR-8 HA5023I1B Yes Better AC and Video Specs
AD813AN HA5013IP Yes Better AC and Video Specs
AD813AR-14 HA5013IP Yes Better AC and Video Specs
AD817AN HA3-2841-5 Yes
AD817AR HA9P2841-5 Yes
AD818AN HA3-2841-5 Yes
AD818AN HA3-5020-9 Yes Better Video, Vgg vs Crg
AD818AR HA9P2841-5 Yes
AD826AN HA5023IP Yes Better AC and Video Specs Vgg vs Cgg

T Primary Pins are pin-to-pin; secondary/optional pins are not.




Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
AD826AR HA50231B Yes Better AC and Video Specs Vgg vs Cpg
AD827JN HA5023IP Yes Better Specs, Vgg vs Crg
AD827JR HA5022IB Yes Better Specs, Vgg vs Crg
AD828AN HA5023IP Yes Lower Power Vg vs Cpg
AD828AR HA5023iIP Yes Lower Power Vgg vs Crg
AD840JN HA3B2840-5 Yes Lower Cost
AD840JQ HA1-2840-5 Yes Lower Cost
AD840KN HA3B2840-5 Yes Lower Cost
AD840KQ HA1-2840-5 Yes Lower Cost
ADB840SQ HA1-2840/883 Yes Lower Cost
AD840SQ/883 HA1-2840/883 Yes Lower Cost
AD841JH HA2-2541-5 Yes
AD841JN HA3-2841-5 Yes Lower Cost
AD841JQ HA1-2541-5 Yes “
AD841KH HA2-2541-5 Yes
AD841KN HA3-2841-5 Yes Lower Cost »
AD841KQ HA3-2841-5 Yes Enhanced ACs/lower Power B E
AD841SH HA2-2541/883 Yes Enhanced ACs/lower Power H E
AD841SQ HA1-2841/883 Yes Lower Cost E g
AD8415Q/883 HA1-2841/883 Yes Lower Cost Fo
ADB842JH HA2-2542-5 Yes
AD842JN HA3B2842-5 Yes Lower Cost
AD842JQ HA1-2542-5 Yes
AD842KH HA2-2542-5 Yes
AD842KN HA3B2842-5 Yes Lower Cost
AD842KQ HA1-2542-5 Yes
AD842SH HA2-2542/883 Yes Enhanced ACs/lower Cost
ADB8425Q HA1-2842/883 Yes Lower Cost
AD8425Q/883 HA1-2842/883 Yes Lower Cost
AD844AN HA3-5020-9 Yes Enhanced ACs and Video Performance
AD844AQ HA7-5020-9 Yes Enhanced ACs and Video Performance
AD844BQ HA7-5020-9 Yes Enhanced ACs and Video Performance
AD8445Q/883B HA7-5020/883 Yes Enhanced ACs and Video Performance
AD846AN HA3-5020-9 Yes Enhanced ACs/lower Cost
AD846AQ HA7-5020-9 Yes Enhanced ACs/lower Cost
AD846BQ HA7-5020-9 Yes Enhanced ACs/lower Cost
ADB8465SQ HA7-5020/883 Yes Enhanced ACs/lower Cost
AD847IN HA3-2544C-5 Yes
ADB475Q HA7-2544-2 Yes
AD9620AD HFA11101J Yes Performance, Price
AD9620SD HFA1110MJ/883 Yes Performance, Price
AD9621AQ HFA11001J Yes Better Specs, Vg vs Crg
AD9621AR HFA11051B : Yes Lower Power, Vgg vs Cgg
AD9622AQ HFA11001J Yes Better Specs, Vgg vs Cep
AD9622AR HFA1105IB Yes Lower Power, Vgg vs CFg
AD9623AQ HFA11001J Yes Higher Speed, Vg vs Crg
AD9623AR HFA11051B Yes Lower Power, Vgg vs Crg

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE ‘ PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
AD9624AQ HFA11001J Yes Higher Speed, Vgg vs Crg
ADY624AR HFA11051B Yes Lower Power, Vgg vs Crg
AD9630AN HFA1110IP Yes Performance, Price
AD9630AQ HFA1110J Yes Performance, Price
AD9630AR HFA11101B Yes Performance, Price
AD9630SQ HFA1110MJ/883 Yes Performance, Price
ADEL2020AN HA3-5020-9 Yes
ADLH0032CG HA2-2542-5 + Monolithic/lower Cost
ADLH0032G HA2-2542-2 T Monolithic/lower Cost
ADLHO0033CG HA2-5033-5 T Enhanced ACs/monolithic/lower Cost
ADLH0033G HA2-5033-2 T Enhanced ACs/monolithic/lower Cost
ADOP27AQ HA7-5127A-2 Yes Enhanced ACs/Reduced Icc
ADOP27EQ HA7-5127A-5 Yes Enhanced ACs/Reduced Icc
ADOP27GQ HA7-5127-5 Yes Enhanced ACs/Reduced Icc
ADOP37AQ HA7-5137A-2 Yes Enhanced ACs/Reduced Igc
ADOP37EQ HA7-5137A-5 Yes Enhanced ACs/Reduced Igc
ADOP37GQ HA7-5137-5 Yes Enhanced ACs/Reduced Icc
AM-450-2 HA2-2505-5 Yes Guaranteed Vou1/ACs
AM-450-2M HA2-2502-2 Yes Guaranteed Voy1/ACs
AM-452-2 HA2-2525-5 Yes Guaranteed Vo 1/ACs
AM-452-2M HA2-2522-2 Yes Guaranteed Vou1/ACs
AM-460-2 HA2-2605-5 Yes Guaranteed Voy1/ACs
AM-460-2M HA2-2602-2 Yes Guaranteed Vo7/ACs
AM-462-2 HA2-2625-5 Yes Guaranteed Voy1/ACs
AM-462-2M HA2-2620-2 Yes Guaranteed Voy1/ACs
AM-7650-1 ICL7650SCPD Yes Almost Identical
AM-7650-2 ICL7650SCTV-1 Yes Almost Identical
BUF634P HA3-5002-5 Yes
CA3054 CA3054 Yes Vour Version Available
CA3146P CA3146E Yes
CLC109AJP HA3-5002-5 Yes Higher Output Current
CLC110A8D HFA1110MJ/883 Yes Better Performance
CLC110AID HFA1110lJ Yes Better Performance
CLC110AJP HFA1110IP Yes Better Performance
CLC110ALC HFA1110Y N/A Die
CLC400A8D HFA1120MJ/883 i Better Performance
CLCA400AID HFA11201J + Better Performance
CLC400AJE HFA11051B Yes Faster, Lower Power, £5V Only
CLC400AJE HFA11201B i Better Performance
CLC400AJP HFA1120IP T Better Performance
CLC400ALC HFA1120Y N/A Die
CLC401A8D HFA1100MJ/883 Yes Better Performance
CLC401AIB HFA11001J Yes Better Performance
CLC401AID HFA11001J Yes Better Performance
CLC401AJE HFA1105IB Yes Faster, Lower Power
CLC401AJP HFA1100IP Yes Better Performance
CLC401ALC HFA1100Y N/A Die

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
CLC402A8D HFA1100MJ/883 Yes Better Performance
CLC402AIB HFA11001J Yes Better Performance
CLC402AID HFA11001J Yes Better Performance
CLC402AJE HFA1100I1B Yes Better Performance
CLC402AJE HFA11051B Yes Faster, Lower Power
CLC402AJP HFA1100IP Yes Better Performance
CLC402ALC HFA1100Y N/A Die
CLC404A8D HFA1100MJ/883 Yes Better Performance
CLC404AIB HFA11001J Yes Better Performance
CLC404AID HFA11001J Yes Better Performance
CLC404AJE HFA11001B Yes Better Performance
CLC404AJE HFA11051B Yes Faster, Lower Power
CLC404AJP HFA1100IP Yes Better Performance
CLC404ALC HFA1100Y N/A Die u
CLC406A8D HFA1100MJ/883 Yes Better Performance
CLC406AIB HFA11001J Yes Better Performance won
CLC406AID HFA11001J Yes Better Performance (o) E
CLC406AJE HFA11001B Yes Better Performance 3 E
CLC406AJE HFA11051B Yes Faster, Lower Power ﬁ g
CLC406AJP HFA1100IP Yes Better Performance o
CLC406ALC HFA1100Y N/A Die
CLC409A8D HFA1100MJ/883 Yes Better Performance
CLC409AIB HFA1100lJ Yes Better Performance
CLC409AID HFA11001J Yes Better Performance
CLC409AJE HFA11091B Yes
CLC409AJP HFA1109IP Yes Better Performance
CLC409ALC HFA1109Y N/A Better Performance
CLC410AJP HFA1149IP Yes
CLC410A8D HFA1120MJ/883 + CLC Has Enable
CLC410AID HFA11201J ki CLC Has Enable
CLC410AJE HFA1 149IB Yes
CLC410AJP HFA1149IP i CLC Has Enable
CLC410ALC HFA1149Y N/A CLC Has Enable
CLC414AJE HA5025IB Yes Better Video and DC Specifications
CLC414AJP HA5025IP Yes Better Video and DC Specifications
CLC415AJE HA5025!B Yes Better DC Specifications
CLC415AJP HA5025IP Yes Better DC Specifications
CLC425AJE HFA11001B Yes Veg vs Crg
CLC425AJP HFA1100IP Yes VEB vs Ceg
CLC428AJE HA5023IB Yes Veg vs Crg
CLC428AJP HA5023IP Yes Vgg vs Ceg
CLC430 HA-5020 Yes Enhanced AC and Video Performance
CLC430AIB HA7-5020-9 Yes Better AC Performance
CLC430AID HA7-5020-9 Yes Better AC Performance
CLC430AJE HA9P5020-9 Yes Better AC Performance
CLC430AJP HA3-5020-9 Yes Better AC Performance
CLC432AJE HA5023I1B Yes Better AC and Video Specs



Commercial Linear Product Cross Reference

L3

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
CLC432AJP HA5023IP Yes Better AC and Video Specs
CLC449AJE HFA11001B N Yes
CLC449AJP HFA1100IP Yes
CLC501A8D HFA1130MJ/883 Yes Better Performance
CLC501AID HFA11301J Yes Better Performance
CLC501AJE HFA1130iB Yes Better Performance
CLC501AJP HFA1130IP Yes Better Performance
CLC502A8D HFA1130MJ/883 Yes Better Performance
CLC502AID HFA11301J Yes Better Performance
CLC502AJE HFA1130IB Yes Better Performance
CLC502AJP HFA1130IP Yes Better Performance
EHA1-2539-2 HA1-2539-2 Yes
EHA1-2539-5 HA1-2839-5 Yes Lower Cost
EHA1-2539/883B HA1-2839/883 Yes Lower Cost
EHA1-2540-2 HA1-2540-2 Yes
EHA1-2540/883 HA1-2840/883 Yes Lower Cost
EHA1-5190-2 HA1-5190-2 Yes
EHA1-5195-5 HA1-5195-5 Yes
EHA2-2500-2 HA2-2500-2 Yes
EHA2-2502-2 HA2-2502-2 Yes
EHA2-2505-5 HA2-2505-5 Yes
EHA2-2510-2 HA2-2510-2 Yes
EHA2-2512-2 HA2-2512-2 Yes
EHA2-2515-5 HA2-2515-5 Yes
EHA2-2520-2 HA2-2520-2 Yes Substitute HA2-2529-2
EHA2-2522-2 HA2-2522-2 Yes Substitute HA2-2529-2
EHA2-2525-5 HA2-2525-5 Yes Substitute HA2-2529-5
EHA2-2600-2 HA2-2600-2 Yes
EHA2-2602-2 HA2-2602-2 Yes
EHA2-2605-5 HA2-2605-5 Yes
EHA2-2620-2 HA2-2620-2 Yes
EHA2-2622-2 HA2-2622-2 ' Yes
EHA2-2625-5 HA2-2625-5 Yes
EHA2-5190-2 HA2-5190-2 Yes
EHA2-5195-5 HA2-5195-5 Yes
EHA3-2539-5 HA3-2839-5 Yes Lower Cost
EHA3-2540-5 HA3-2540-5 Yes
EHA3-2540-5 HA3B2840-5 Yes Lower Cost
EHA7-2500-2 HA7-2500-2 Yes
EHA7-2502-2 HA7-2502-2 Yes
EHA7-2505-5 HA7-2505-5 Yes
EHA7-2510-2 HA7-2510-2 Yes
EHA7-2512-2 HA7-2512-2 Yes
EHA7-2515-5 HA7-2515-5 Yes
EHA7-2520-2 HA7-2520-2 Yes
EHA7-2522-2 HA7-2522-2 Yes
EHA7-2525-5 HA7-2525-5 Yes

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
EHA7-2600-2 HA7-2600-2 Yes
EHA7-2602-2 HA7-2602-2 Yes
EHA7-2605-5 HA7-2605-5 Yes
EHA7-2620-2 HA7-2620-2 Yes
EHAT7-2622-2 HA7-2622-2 Yes
EHA7-2625-5 HA7-2625-5 Yes
EL2003CH HA2-5002-5 Yes Greater Slew Rate/Reduced Icc
EL2003CJ HA7-5002-5 No Greater Slew Rate/Reduced I
EL2003CN HAS3-5002-5 No Greater Slew Rate/Reduced Icc
EL2003CPL HA9P5002-9 No Greater Slew Rate/Reduced Icc
EL2003H HA2-5002-2 Yes Greater Slew Rate/Reduced lgg
EL2003J HA7-5002-2 No Greater Slew Rate/Reduced Igc
EL2005CG HA2-5033-5 T Greater Bandwidth
EL2005G HA2-5033-2 T Greater Bandwidth
EL2020CJ HA7-5020-5 Yes Better Performance
EL2020CM HA9P5020-5 T Enhanced ACs and Vgyt/lower Cost
EL2020CN HA3-5020-5 Yes Better Performance
EL2020J HA7-5020/883 Yes Enhanced ACs and Voyy/lower Cost
EL2020J/883B HA7-5020/883 Yes Better Performance
EL2030CJ HA7-5020-5 ki Enhanced VgyT/lower Cost
EL2030CN HA3-5020-5 Yes Disable Feature
EL2030J/883B HA7-5020/883 T Enhanced Voyt/lower Cost
EL2033CJ HA7-5002-5 T Greater Slew Rate/Reduced Icc
EL2033CN HA3-5002-5 + Greater Slew Rate/Reduced Igc
EL2033J HA7-5002-2 T Greater Slew Rate/Reduced Igc
EL2039CJ HA1-2839-5 Yes Lower Cost
EL2039CN HA3-2839-5 Yes Lower Cost
EL2039J HA1-2839/883 Yes Enhanced ACs/lower Power/lower Cost
EL2039J/883 HA1-2839/883 Yes Lower Cost
EL2040CN HA3B2840-5 Yes Lower Cost
EL2040J HA1-2840/883 Yes Enhanced ACs/lower Power/lower Cost
EL2040J/883 HA1-2840/883 Yes Lower Cost
EL2041CG HA2-2541-5 Yes Enhanced ACs/lower Power/lower Cost
EL2041CJ HA3-2841-5 Yes Enhanced ACs/lower Power
EL2041G HA2-2841/883 Yes Enhanced ACs/lower Power/lower Cost
EL2041J HA1-2841/883 Yes Enhanced ACs/lower Power/lower Cost
EL2044CN HA3-2841-5 T Low Power
EL2044CS HA9P2841-5 Yes Primary Pins are Pin-to-pin Compatible; Optional Pins are No
EL2070CN HFA1120IP T Better Performance
EL2070CS HFA11201B T Better Performance
EL2070J/883B HFA1120MJ/883 + Better Performance
EL2071CN HFA1100IP T Better Performance
EL2071CS HFA1120IB T Better Performance
EL2071J/883B HFA1120MJ/883 T Better Performance
EL2072CN HFA1110IP Yes Better Performance
EL2072CS HFA1110IB Yes Better Performance

+ Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER. HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
EL2072J/883B HFA1110MJ/883 Yes Better Performance
EL2120CN HA3-5020-5 Yes Lower Power
EL2120CS HA9P5020-5 Yes Lower Power
EL2130CN HFA1100IP Yes Better Performance
EL2130CS HFA1100I1B Yes Better Performance
EL2130CS HFA1105I1B Yes Better Performance, Lower Power
EL2160CN HA3-5020-5 Yes
EL2160CS HA9P5020-5 Yes
EL2166CN HA3-5020-5 Yes
EL2166CS HA9P5020-5 Yes
EL2171CN HFA1100IP Yes Better Performance
EL2171CS HFA1100I1B Yes Better Performance
EL2171J/883B HFA11001J/883 Yes Better Performance
EL2190G HA2-5190-2 Yes
EL2190J HA1-5190-2 Yes
EL2195CG HA2-5195-5 Yes
EL2195CJ HA1-5195-5 Yes
EL2210CM HA5023IB Yes Better AC and Video Specs
EL2210CN HA5023IP Yes Better AC and Video Specs
EL2211CM HA5023IB Yes Better AC and Video Specs
EL2211CN HA5023IP Yes Better AC and Video Specs
EL2232CN HA5023IP Yes +5V Only
EL2260CN HA5023IP Yes Better Video and DC Specifications, 5V Only
EL2260CS HA50231B Yes Better Video and DC Specifications, 5V Only
EL2310CN HA5013IP Yes Better Performance
EL2310CS HA5013IB Yes Better Performance
EL2311CN HA5013IP Yes Better Performance
EL2311CS HA5013I1B Yes Better Performance
EL2410CN HA5025IP Yes Better Performance
EL2410CS HA5025IB Yes Better Performance
EL2411CN HA5025IP Yes Better Performance
EL2411CS HA5025IB Yes Better Performance
EL2460CN HA50251P Yes Better Video and DC Specifications
EL2460CS HA50251B Yes Better Video and DC Specifications
EL400CN HFA1120IP T Better Performance
EL400CS HFA11201B 1 Better Performance
EL400J/883B HFA1120MJ/883 ki Better Performance
ELH0032CG HA2-2542-5 ¥
ELHO0032G HA2-2542-2 i
ELH0033CG HA2-5033-5 1 Greater Bandwidth
ELH0033G HA2-5033-2 1 Greater Bandwidth
GB4600-CDA HA4600CP Yes Lower Power, Faster Switching
GB4600-CKA HA4600CB Yes Lower Power, Faster Switching
GX4201-CDA HA4201CP Yes Lower Power, Faster Switching
GX4201-CKA HA4201CB Yes Lower Power, Faster Switching
GX4314-CDB HA4314ACP Yes Lower Power, Faster Switching
GX4314-CKB HA4314ACB Yes Lower Power, Faster Switching

+ Primary Pins are pin-to-pin;

secondary/optional pins are not.




Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
GX4314LCDB HA4314ACP Yes Lower Power, Faster Switching
GX4314LCKB HA4314ACB Yes Lower Power, Faster Switching
GX4404-CDC HA4404ACP Yes Lower Power, Faster Switching
GX4404-CKD HA4404ACB Yes Lower Power, Faster Switching
HOS-100AH HA2-5033-2 T Greater Bandwidth/lower Cost
HOS-100SH HA2-5033-2 T Greater Bandwidth/lower Cost
HOS050 HA2-2542-2 ki Lower Cost
HOS050A HA2-2542-2 T Lower Cost
HOS050C HA2-2542-2 T Lower Cost
ICL7611ACPA ICL7611ACPA Yes
ICL7611ACTV ICL7611ACTV Yes
ICL7611AMTV ICL76 11AMTV Yes
ICL7611BCPA ICL7611BCPA Yes
ICL7611BCTV ICL7611BCTV Yes
ICL7611BMTV ICL7611BMTV Yes
ICL7611DCPA ICL7611DCPA Yes
ICL7611DCSA ICL7611DCBA Yes
ICL7611DCTV ICL7611DCTV Yes
ICL7611DMTV ICL7611DMTV Yes
ICL7612ACPA ICL7612ACPA Yes
ICL7612ACTV ICL7612ACTV Yes
ICL7612AMTV ICL7612AMTV Yes
ICL7612BCPA ICL7612BCPA Yes
ICL7612BCTV ICL7612BCTV Yes
ICL7612BMTV ICL7612BMTV Yes
ICL7612DCPA ICL7612DCPA Yes
ICL7612DCSA ICL7612DCBA Yes
ICL7612DCTV ICL7612DCTV Yes
ICL7612DMTV ICL7612DMTV Yes
ICL7621ACPA ICL7621ACPA Yes
ICL7621ACTV ICL7621ACTV Yes
ICL7621AMTV ICL7621AMTV Yes
ICL7621BCPA ICL7621BCPA Yes
ICL7621BCTV ICL7621BCTV Yes
ICL7621BMTV ICL7621BMTV Yes
ICL7621DCPA ICL7621DCPA Yes
ICL7621DCSA ICL7621DCBA Yes
ICL7621DCTV ICL7621DCTV Yes
ICL7621DMTV ICL7621DMTV Yes
ICL7641CCPD ICL7641CCPD Yes
ICL7641ECPD ICL7641ECPD Yes
ICL7642CCJD ICL7642CCJD Yes
ICL7642CCPD ICL7642CCPD Yes
ICL7642CMJD ICL7642CMJD Yes
ICL7642ECJD ICL7642ECJD Yes
ICL7642ECPD ICL7642ECPD Yes
ICL7642EMJD ICL7642EMJD Yes

+ Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
ICL7650BCPA-1 ICL7650SCPA-1 Yes Reduced V|o/Igjas
ICL7650BCPD ICL7650SCPD Yes Reduced V,o/Igjas
ICL7650BCTV-1 ICL7650SCTV-1 Yes Reduced V|o/Igjas
ICM7242IPA ICM7242IPA Yes
ICM7555CD ICM7555CBA Yes
ICM7555CN ICM7555IPA Yes Wider Operating Voltage Range
ICM7555IN ICM7555IPA Yes Wider Operating Voltage Range
ICM7555IPA ICM7555IPA Yes Wider Operating Voltage Range
ICM7555ITV ICM7555ITV Yes
ICM7555MTV ICM7555MTV Yes
ICM7556/PD ICM7556IPD Yes Wider Operating Supply Range
ICM7556MJD ICM7556MJD Yes Wider Operating Supply Range
KF351N CA3140E Yes Reduced Igjas/lio
KS272ACN CAS5260AE Yes Specified at +5V Supply
KS272AIN CA5260AE Yes Specified at +5V Supply
KS8272CN CA5260E Yes Specified at +5V Supply
KS272IN CA5260E Yes Specified at +5V Supply
KS274CN CA5470E Yes Greater Bandwidth/spec. at +5V Supply
KS274IN CA5470E Yes Greater Bandwidth/spec. at +5V Supply
LF157H CA3130AT Yes Reduced Igjas
LF198AH HA1-2420-2 (CDIP) No Faster Acquisition
LF198H HA1-2420-2 (CDIP) No Faster Acquisition
LF351D CA3140M Yes Reduced Igjas/lio
LF351H CA3140T Yes Reduced Igjas/lio
LF351M CA3140M Yes Reduced Ig)as/iio
LF351N CA3140E Yes Reduced Igjas/lio
LF351P CA3140E Yes Reduced Igjas/lio
LF353N CA3240E Yes Reduced Igjas/lio
LF353P CA3240E Yes Reduced Igjas/lio
LF357AH CA3130AT Yes Reduced Igjas
LF357H CA3130T Yes Reduced Igjas/lio
LF357M CA3130M Yes Reduced Igjas/lio
LF357N CA3130E Yes Reduced Igjas/lio
LF398AH HA1-2425-5 (CDIP) No Faster Acquisition
LF398AN HA3-2425-5 No Faster Acquisition
LF398H (CAN) HA1-2425-5 (CDIP) No Faster Acquisition
LF398N HA3-2425-5 No Faster Acquisition
LF400CH CA3100T ki Similar ACs
LF411CD CA3140AM Yes Reduced Igjas/lio
LF411CH CA3140AT Yes Reduced Igjas/lio
LF411CN CA3140AE Yes Reduced Igjas/lio
LF411CP CA3140AE Yes Reduced Igjas/lio
LF411MH CA3140AT Yes Reduced Igias/lio
LF412CD CA3240AE Yes Reduced Igjas/lio
LF412CN CA3140AE Yes Reduced Igias/lio
LF412CP CAS240AE Yes Reduced Igjas/lio
LH0002CH HA2-5002-5 T Enhanced ACs/DCs/monolithic

1 Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
LHO002CN HA3-5002-5 No Enhanced ACs/DCs/monolithic
LHO0002H HA2-5002-2 + Enhanced ACs/DCs/monolithic
LH0022CD CA3140AE (PDIP) No Greater Bandwidth/slew Rate
LH0022CH CA3140AT Yes Greater Bandwidth/slew Rate
LHO032ACG HA2-2542-S Yes Monolithic/lower Cost
LHO0032AG HA2-2542-2 Yes Monolithic/lower Cost
LH0032CG HA2-2542-5 Yes Monolithic/lower Cost
LH0032G HA2-2542-2 Yes Monolithic/lower Cost
LHO033ACG HA2-5033-5 4 Greater Bandwidth/monolithic/lower Cost
LHO033AG HA2-5033-2 T Monolithic/lower Cost
LH0033CG HA2-5033-5 + Greater Bandwidth/monolithic/lower Cost
LH0033CJ HA3-5033-5 T Monolithic/lower Cost
LH0033G HA2-5033-2 T Monolithic/lower Cost
LH0042CD CA3140E (PDIP) No Greater Bandwidth/slew Rate
LH0042CH CA3140T Yes Greater Bandwidth/slew Rate
LH4161CH HA2-2544-5 No Pdip Substitute Is HA3-2544C-5
LH4161CJ HA7-2544-5 No
LH4161H HA2-2544-2 No
LH4161J HA7-2544-2 No
LM143H HA2-2640-2 T Enhanced ACs
LM193H CA3290AT Yes Mosfet Input
LM2901N CA3290AE Yes Mosfet Input
LM2903N CA3290AE Yes Mosfet Input
LM293H CA3290AT Yes Mosfet Input
LM3045J CA3045F Yes
LM3046D CA3046M Yes
LM3046N CA3046E Yes
LM3080AN CA3080AE Yes
LM3080N CA3080E Yes
LM3086J CA3086F Yes
LM3086M CA3085M Yes
LM3086N CA3086 Yes
LM3146M CA3146M Yes Enhanced A Version Offered
LM3146N CA3146E Yes Enhanced A Version Offered
LM3302N CAB290E/LM3302N Yes
LM343H HA2-2645-5 t Enhanced ACs
LM393H CA3290AT Yes Mosfet Input
LM393N CA3290AE Yes Mosfet Input
LM556CN ICM75561PD Yes CMOS/Reduced Igc
LM604ACM HA9P2406-5 No Enhanced ACs
LMB04ACN HA3-2406-5 No Enhanced ACs
LM604AMJ HA1-2400-2 No Enhanced ACs
LM604CM HA9P2406-5 No Enhanced ACs
LM604CN HAS3-2406-5 No Enhanced ACs
LM6118J HA7-5222-9 Yes Lower Vg
LM6161J HA7-2544-2 T Guaranteed Differential Phase/gain
LM6162M HA9P5020-5 Yes Better Specs With Disable

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
LM6162N HA3-2841-5 Yes Better AC and Video Specs
LM6164J HA1-5190-2 No Reduced Voltage Noise
LM6165J HA1-2540-2 No Enhanced Slew Rate/Ayoy
LM6181AIN HA3-5020-9 Yes
LM6181IN HA3-5020-9 Yes
LM6182AIN HA5023IP Yes
LM6182IN HA5023IP Yes
LM6218AJ HA7-5222-9 Yes Lower V|o
LM6262M HAQP5020-5 Yes Better Specs With Disable
LM6262N HA3-2841-5 Yes Better AC and Video Specs
LM6262N HA3-5020-5 Yes Better Specs With Disable
LM6361N HA3-2544C-5 + Guaranteed Differential Phase/gain
LM6362M HAQP5020-5 Yes Better Specs With Disable
LM6362N HA3-2841-5 Yes Better AC and Video Specs
LM6362N HA3-5020-5 Yes Better Specs With Disable
LM6364N HA1-5195-5 No Reduced Voltage Noise
LM6365N HA3-2540C-5 No Enhanced Slew Rate/Ayo
LMC555CH ICM7555ITV Yes Reduced Igc/wider Supply Range
LMC555CM ICM7555CBA Yes Reduced Igc/wider Supply Range
LMC555CN ICM75551PA Yes Reduced Igc/wider Supply Range
LMC668ACJ ICL7650SIJD Yes Enhanced Voyt
LMC668ACJ-8 ICL7650S1JA-1 Yes Enhanced Voyrt
LMC668ACN ICL7650SIPD Yes Enhanced Voyr
LS204AT HA2-5102-2 Yes Reduced Noise Voltage
LS204CB HA3-5102-5 Yes Reduced Noise Voltage
LS204CM HAQP-5102-5 Yes Reduced Noise Voltage
LS204CT HA2-5102-5 Yes Reduced Noise Voltage
LS204T HA2-5102-2 Yes Reduced Noise Voltage
LS404CB HA3-5104-5 Yes Reduced Noise Voltage
LS404CM HA9P-5104-5 No Reduced Noise Voltage, Wide Body 16 Ld. SOIC
LS404M HA9P-5104-9 No Reduced Noise Voltage, Wide Body 16 Ld. SOIC
LT1014AMJ HA1-5134A-2 Yes Reduced V|p/enhanced ACs
LT1014CJ HA1-5134-5 Yes Reduced V|p/enhanced ACs
LT1014MJ HA1-5134-2 Yes Reduced V|p/enhanced ACs
LT1022CH HA2-5160-5 T Greater Bandwidth/slew Rate
LT1022MH HA2-5160-2 ki Greater Bandwidth/slew Rate
LT1037ACJ8 HA7-5137A-5 Yes Enhanced ACs/Reduced Icc
LT1037AMJ8 HA7-5137A-2 Yes Enhanced ACs/Reduced Icc
LT1037CJ8 HA7-5137-5 Yes Enhanced ACs/Reduced Icc
LT1037MJ8 HA7-5137-2 Yes Enhanced ACs/Reduced Icc
LT1126ACN8 HA3-5222-5 Yes
LT1126AMJ8 HA7-5222/883 Yes
LT1126CJ8 HA7-5222-5 Yes
LT1126CN8 HA3-5222-5 Yes
LT1126MJ8 HA7-5222/883 Yes
LT1190CN8 HA3-2841-5 Yes Better Video Specs, Lower Power
LT1190CS8 HA9P2841-5 Yes Better Video Specs, Lower Power

+ Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
LT1192CN8 HA3-2842-5 Yes Better Video Specs, Lower Power
LT1192CS8 HA9P2842-5 Yes Better Video Specs, Lower Power
LT1195CN8 HA3-2841-5 Yes Better Video Specs, Lower Power
LT1195CS8 HA9P2841-5 Yes Better Video Specs, Lower Power
LT1206CN8 HA3-5002-5 Yes Better AC Specs
LT1208CN8 HA5023IP Yes Better Performance
LT1208CS8 HA5023IB Yes Better Performance
LT1209CN HA50251P Yes
LT1220CN8 HA3-2841-5 Yes
LT1221CN8 HA3-2841-5 Yes
LT1221MJ8 HA7-2841/883 Yes
LT1222CJ8 HA7-2840-5 T
LT1222CN8 HA3-2840-5 +
LT1222MJ8 HA7-2840/883 +
LT1223CJ8 HA7-5020-5 Yes Enhanced ACs and Video Performance
LT1223CN8 HA3-5020-5 Yes Enhanced ACs and Video Performance
LT1223CS8 HA9P5020-5 Yes Enhanced ACs and Video Performance
LT1223MJ8 HA7-5020/883 Yes Enhanced ACs and Video Performance
LT1224CN8 HA3-2841-5 Yes Better Video Specifications
LT1224CS8 HA9P2841-5 Yes Better Video Specifications
LT1224MJ8 HA7-2841/883 Yes Better Video Specifications
LT1225CN8 HA3-2841-5 Yes For Gains >5
LT1225CS8 HA9P2841-5 Yes For Gains >5
LT1225MJ8 HA7-2841/883 Yes For Gains >5
LT1226CJ8 HA7-2840-5 + For Gains >25
LT1226CN8 HA3-2840-5 T For Gains >25
LT1226CS8 HA9P2840-5 T For Gains >25
LT1226MJ8 HA7-2840/883 T For Gains >25
LT1227CN8 HA3-5020-5 Yes Lower Cost
LT1227CS8 HA9P5020-5 Yes Lower Cost
LT1227MJ8 HA7-5020/883 Yes Lower Cost
LT1229CN8 HA5023IP Yes Better Video and DC Specifications, 5V Only
LT1229CS8 HA50231B Yes Better Video and DC Specifications, £5V Only
LT1230CS HA50251B Yes Better Video and DC Specifications
LT1230CN HA50251P Yes Better Video and DC Specifications
LT1252CN8 HA3-5020-5 Yes
LT1252CS8 HA9P5020-5 Yes
LT1253CN8 HA5023IP Yes Better AC and Video Specs
LT1253CS8 HAS5023IB Yes Better AC and Video Specs
LT1254CN HA50251P Yes Better AC and Video Specs
LT1254CS HA50251B Yes Better Slew Rate and Video Specs
LT1259CN HA5022IP Yes Functional Equivalent
LT1259CS HA50221B Yes Functional Equivalent
LT1260CN HA5013IP Yes
LT1260CS HA5013IB Yes
LT1360CN8 HA3-2841-5 Yes
LT1360CN8 HA3-5020-5 Yes Veg vs Crg

1 Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGEICOMMENT
LT1360CS8 | HA9P2841-5 Yes
LT1360CS8 HAQP5020-5 Yes Vrg vs Cpg
LT1361CN8 HA5023IP Yes VEg vs Cr
LT1361CS8 HA5023I1B Yes VEg vs Ceg
LT1362CN HA5025I1P Yes Vgg vs Crp
LT1362CS HA50251B Yes Functional Equivalent
LT1363CN8 HA3-2841-5 Yes
LT1363CN8 HA3-5020-5 Yes VEg vs Crg
LT1363CS8 HA9P2841-5 Yes
LT1363CS8 HA9P5020-5 Yes Veg vs Crg
LT1364CN8 HA5023IP Yes Vgg vs Crg
LT1364CS8 HA50231B Yes VEg vs Crg
LT1365CN HA50251P Yes Vgg vs Crg
LT1365CS HA50251B Yes VEg vs Cep
LTC1050ACH ICL7650SITV-1 T Reduced Igjas/lio
LTC1050ACN8 ICL7650SIPA-1 T Reduced Igjas/lio
LTC1050AMH ICL7650SMTV-1 K Reduced Igjas/lio
LTC1050CH ICL7650SITV-1 t Reduced Igjas/lio/greater Ayor
LTC1050CN8 ICL7650SIPA-1 T Reduced Igjag/ljo/greater Ayor
LTC1050CP ICL7650SIPA-1 T Reduced Igjas/lio
LTC1050MH ICL7650SMTV-1 T Reduced Igjag/lio/greater Ayop
MAX404CPA HA3-2842-5 Yes
MAX404CSA HA9P2842-5 Yes Better Video Specs, Lower Power
MAX404EPA HA3-2842-9 Yes Better Video Specs, Lower Power
MAX404ESA HA9P2842-5 Yes Better Video Specs, Lower Power
MAX452CPA HA3-2841-5 Yes Lower Power
MAX452CSA HA9P2841-5 Yes Lower Power
MAX452EJA HA3-2841-9 Yes Lower Power
MAX452EPA HA3-2841-9 Yes -| Lower Power
MAX457CPA HA5023IP Yes Better Performance, Lower Power
MAX457CSA HA5023IB Yes Better Performance, Lower Power
MAX457EPA HA5023IP Yes Better Performance, Lower Power -
MAX460IGC HA2-5033-5 t Greater Bandwidth
MAX460MGC HA2-5033-2 T Greater Bandwidth
MAX467CPE HA5013IP Yes Better AC Specs, Lower Power
MAX467CWE HA50131B Yes Better AC Specs, Lower Power
MC1776CD ICL7611DCBA Yes Lower Power Drain
MC1776CG ICL7611BCTV Yes Lower Power Drain
MC1776CP1 ICL7611BCPA Yes Lower Power Drain
MC1776G ICL7611BMTV Yes Lower Power Drain
MC3302N CA3290E Yes Mostet Input
MC3303D CA5470M Yes Mos Input/enhanced ACs
MC3303N CA5470E Yes Femos Input/enhanced ACs
MC33071P CA3140AE Yes Reduced Igjas/lio
MC33072P CA3240AE Yes Reduced Igjas/lio
MC3346D CA3046M Yes Full -55 To 125°C Operation
MC3346P CA3046E Yes Full -55 To 125°C Operation

1 Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
MC34001BG CA3140AT Yes Reduced Igjas/io
MC34001BP CA3140AE Yes Reduced Igias/io
MC34001G CA3140T Yes Reduced Igjas/lio
MC34001P CA3140E Yes Reduced Igjas/io
MC34002BG CA3240AT Yes Reduced Ig|as/lio
MC34002BP CA3240AE Yes Reduced Igias/lio
MC34002G CA3240T Yes Reduced Igjas/lio
MC34002P CA3240E Yes Reduced Igjas/lio
MC3403D CA5470M Yes Mos Input/enhanced ACs
MC3403N CA5470E Yes Mos Input/enhanced ACs
MC34071P CA3140AE Yes Reduced Igjas/lio
MC34072P CA3240AE Yes Reduced Igjas/lio
MC3456L ICM7556MJD Yes CMOS/Reduced Icc
MC3456P ICM75561PD Yes CMOS/Reduced Igc
MC3556L ICM7556MJD Yes CMOS/Reduced Icc
MC668ACN-8 ICL7650SCPA-1 Yes Enhanced Voyt
NE5230N CA5160AE No Mos Input
NE5517AN CAB280AE No Reduced V|o
NE5517D CA3280M No Reduced V|o
NE5517N CA3280E No Reduced V|o
NE5532AFE HA7-5102-5 Yes Enhanced Voyt/Reduced Icc
NES532AN HA3-5102-5 Yes Enhanced Voyt/Reduced Icc
NE5532FE HA7-5102-5 Yes Enhanced Voyt/Reduced Igc
NE5532N HA3-5102-5 Yes Enhanced Voyt/Reduced Icc
NES534AFE HA7-5101-5 T Enhanced Voyrt
NE5534AN HA3-5101-5 + Enhanced Voyt
NE5SS534FE HA7-5101-5 T Enhanced Voyt
NE5534N HA3-5101-5 T Enhanced Voyt
NE5539D HA9P-2539-5 T Specified at +15V Supplies
NE5539F HA1-2839-5 T Specified at +15V Supplies
NE5539N HA3-2839-5 T Specified at +15V Supplies
NES556-1N ICM75561PD Yes CMOS/Reduced Icc
NES556N ICM75561PD Yes CMOS/Reduced Icc
OP-15CH CA3140AT Yes Reduced Igjas/lio
OP-15GN8 CA3140AE Yes Reduced Igjas/lio
OP11AY HA1-5134-2 Yes Enhanced ACs
OP11EY HA1-5134-5 Yes Enhanced ACs
OP11FY HA1-5104-5 Yes Enhanced ACs
OP160GP HA3-5020-9 Yes
OP160GS HAQP5020-5 Yes
OP215GZ CA3240AE (PDIP) Yes
0OpP220CJ HA2-5142-2 Yes Enhanced ACs
0OP220CZ HA7-5142-2 Yes Enhanced ACs
OP220GJ HA2-5142-5 Yes Enhanced ACs
OP220GZ HA7-5142-5 Yes Enhanced ACs
OP271AZ HA7-5102-2 Yes Lower Voltage Noise/greater Bandwidth

+ Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
OP271EZ HA7-5102-5 Yes Lower Voltage Noise/greater Bandwidth
OP271FZ HA7-5102-5 Yes Lower Voltage Noise/greater Bandwidth
OP271GP HA3-5102-5 Yes Lower Voltage Noise/greater Bandwidth
OP271GS HA9P-5102-9 Yes Lower Voltage Noise/greater Bandwidth
OP27AJ8 HA7-5127A-2 Yes Enhanced ACs/Reduced Icc
OP27AZ HA7-5127A-2 Yes Enhanced ACs/Reduced Icc
OP27CJ8 HA7-5127-2 Yes Enhanced ACs/Reduced Icc
oP27CZ HA7-5127-2 Yes Enhanced ACs/Reduced Icc
OP27EJ8 HA7-5127A-5 Yes Enhanced ACs/Reduced Icc
OP27EZ HA7-5127A-5 Yes Enhanced ACs/Reduced Icc
0OP27GJ8 HA7-5127-5 Yes Enhanced ACs/Reduced Icc
OoP27GZ HA7-5127-5 Yes Enhanced ACs/Reduced Icc
OP37AJ8 HA7-5137A-2 Yes Enhanced ACs/Reduced Icc
OP37AZ HA7-5137A-2 Yes Enhanced ACs/Reduced Igg
OP37CJ8 HA7-5137-2 Yes Enhanced ACs/Reduced Icc
OP37CZ HA7-5137-2 Yes Enhanced ACs/Reduced igc
OP37EJ8 HA7-5137A-5 Yes Enhanced ACs/Reduced Igc
OP37EZ HA7-5137A-5 Yes Enhanced ACs/Reduced Icc
OP37GJ8 HA7-5137-5 Yes Enhanced ACs/Reduced Icc
OP37GZ HA7-5137-5 Yes Enhanced ACs/Reduced Igc
OP400AY HA1-5134A-2 Yes
OP400EY HA1-5134A-5 Yes
OP400FY HA1-5134-5 Yes
0OP420BY HA1-5144-2 Yes Enhanced ACs
OP420CY HA1-5144-2 Yes Enhanced ACs
OP420HY HA1-5144-5 Yes Enhanced ACs
OP470AY HA1-5104-2 ° Yes
OP470EY HA1-5104-5 Yes
OP470FY HA1-5104-5 Yes
OP470GP HA3-5104-5 Yes
OP470GS HA9P5104-5 Yes
OP470GS HA9P5104-5 Yes
OP47AD HA7-5147A-2 Yes Greater Bandwidth/min Acy = 10
OP47AT HA2-5147A-2 Yes Greater Bandwidth/min Ag| = 10
OP47CD HA7-5147-2 Yes Greater Bandwidth/min Ag| = 10
OP47CT HA2-5147-2 Yes Greater Bandwidth/min Ag_ = 10
OP47EN HA7-5147A-5 (CDIP) Yes Greater Bandwidth/min Ag| = 10
OP47GN HA7-5147-5 (CDIP) Yes Greater Bandwidth/min Ag| = 10
OP62AJ HA2-5221-5 T Greater Slew Rate
OP62AZ HA7-5221-9 T Greater Slew Rate
OP62EJ HA2-5221-5 T Greater Slew Rate
OP62EZ HA7-5221-9 T Greater Slew Rate
OP62FJ HA2-5221-5 T Greater Slew Rate
OP62FZ HA7-5221-9 T Greater Slew Rate
OP63AJ HA2-5221-5 i Reduced V|o
OP63AZ HA7-5221-9 t Reduced V|o
OP63EJ HA2-5221-5 T Reduced V|o

+ Primary Pins are pin-to-pin; secondary/optional pins are not.

2-30




Commercial Linear Product Cross Reference

T Primary Pins are pin-to-pin;

secondary/optional pins are not.
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PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
OP63EZ HA7-5221-9 + Reduced V|o
OP63FJ HA2-5221-5 i Reduced V|o
OP63FZ HA7-5221-9 i Reduced V|p
OP64AJ HA2-5221-5 i Reduced V|
OP64AZ HA7-2622-2 Yes
OP64AZ HA7-5221-9 + Reduced V|o
OP64EJ HA2-5221-5 T Reduced V|o
OP64EZ HA7-5221-9 T Reduced V|o
OP64FJ HA2-5221-5 T Reduced Vio
OP64FZ HA7-2625-5 Yes
OP64FZ HA7-5221-9 T Reduced V|o
OP80FJ CA5420AT T Single Supply Operation
OP80GJ CA5420T T Single Supply Operation n
OP80GP CA5420E ki Single Supply Operation
OPA121KP CA3140AE ki Mos Input/enhanced ACs w
OPA2111KM HA2-5102-5 Yes Greater Bandwidth o E
OPA2111KP HA3-5102-5 Yes Greater Bandwidth H E
OPA27AZ HA7-5127A-2 Yes Enhanced ACs/Reduced Icc 2 g
OPA27CZ HA7-5127-2 Yes Enhanced ACs/Reduced Icc Fo
OPA27EZ HA7-5127A-5 Yes Enhanced ACs/Reduced Icc
OPA27GZ HA7-5127-5 Yes Enhanced ACs/Reduced Igc
OPA37AZ HA7-5137A-2 Yes Enhanced ACs/Reduced Icc
OPA37CZ HA7-5137-2 Yes Enhanced ACs/Reduced Icc
OPA37EZ HA7-5137A-5 Yes Enhanced ACs/Reduced Icc
OPA37GZ HA7-5137-5 Yes Enhanced ACs/Reduced Icc
OPA404AG HA1-5114-5 Yes Lower Voltage Noise/enhanced ACs
OPA404BG HA1-5114-5 Yes Lower Voltage Noise/enhanced ACs
OPA404KP HA3-5114-5 Yes Lower Voltage Noise/enhanced ACs
OPA404KU HA9P5114-5 Yes Lower Voltage Noise/enhanced ACs
OPA404SG HA1-5114-2 Yes Lower Voltage Noise/enhanced ACs
OPA445AP HA7-2645-5 Yes
OPA445BM HA2-2640-2 Yes
OPA4455M HA2-2640-2 Yes
OPAB23AU HFA11051B Yes Better Video and DC Specifications
OPA633AH HA2-5033-2 Yes
OPAB33KP HA3-5033-5 Yes
OPA633SH HA2-5033-5 Yes
OPAG44H HFA11001J Yes Better Bandwidth
OPA644HB HFA11001J Yes Better Bandwidth
OPA644P HFA11001P Yes Better Bandwidth
OPA644PB HFA1100IP Yes Better Bandwidth
OPAg44U HFA1100iB Yes Better Bandwidth
OPA644UB HFA11001B Yes Better Bandwidth
OPA648H HFA11001J Yes
OPA648P HFA1100IP Yes
OPA648U HFA11001B Yes



Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
OPAB58P HFA1100IP Yes Harris Is Higher I
OPA658PB HFA1100IP Yes Harris Is Higher I
OPA658U HFA11001B Yes Harris Is Higher I
OPAB58U HFA1105IB Yes Harris Is Lower AC
OPAB58UB HFA11001B Yes Harris Is Higher Igc
OPAB58UB HFA1105I1B Yes Harris Is Lower ACs
RC3403AN CA5470E Yes Mos Input/enhanced ACs
RC4741D HA1-4741-2 Yes Guaranteed ACs
RC4741M HA9P4741-9 Yes Guaranteed ACs
RC5532AN HA3-5102-5 Yes Enhanced Voyt/Reduced Icc
RC5532N HA3-5102-5 Yes Enhanced Voyt/Reduced Igc
RC5534AN HA3-5101-5 i Enhanced Voy1/Reduced Igc
RC5534N HA3-5101-5 T Enhanced Vgoyt/Reduced Icc
RM5334T HA2-5101-2 . i Reduced Icc
RM5532AD HA7-5102-2 Yes Reduced Icc
RM5532AT HA2-5102-2 Yes Reduced Igg
RM5532D HA7-5102-2 Yes Reduced Igc
RM5532T HA2-5102-2 Yes Reduced Igg
RM5534AD HA7-5101-2 ki Reduced Ico
RM5534AT HA2-5101-2 + Reduced Icc
RM5534D HA7-5101-2 ¥ Reduced Igg
SA556-1N ICM75561PD Yes CMOS/Reduced Igg
SA556N ICM7556IPD Yes CMOS/Reduced Igc
SE5532AFE HA7-5102-2 Yes Reduced I
SE5532FE HA7-5102-2 Yes Reduced icc
SES534AFE HA7-5101-2 ¥ Reduced Igias/lio
SE5534FE HA7-5101-2 ¥ Reduced Igjas/lio
SES5539F HA1-2539-2 T Specified at £15V Supplies
SE556-1CN ICM7556MJD Yes CMOS/Reduced Igg
SE556-1F ICM7556MJD Yes CMOS/Reduced Icc
SE556F ICM7556MJD Yes CMOS/Reduced I
SG1536T HA2-2640-2 T Reduced V|p/enhanced ACs
SG1536Y HA7-2640-2 t Reduced V|p/enhanced ACs
SG3045J CA3045F Yes
SG3049T CA3049T Yes Greater Bandwidth/Reduced Noise
SG3083 CA3083 Yes
SG3183D CA3183M Yes Identical Specs at 25°C
SG3183N CA3183E Yes Identical Specs at 25°C
SHC5320KH HA1-5320-5 Yes
SHC5320SH HA1-5320-2 Yes
SHC85 HA1-2425-5 No Enhanced ACs
SHC85ET HA1-2420-2 No Enhanced ACs
SHM-20C HA1-5320-5 Yes Guaranteed Acquisition Time
SHM-20M HA1-5320-2 Yes Guaranteed Acquisition Time
SHM-IC-1 HA1-2425-5 Yes Almost Identical
SHM-IC-1M HA1-2420-2 Yes Almost Identical

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
SL3045C-DG CA3B045F Yes
SL3046C-DP CA3046E Yes
SL3127C-DC CA3127F Yes Vour Version Available
SL3127C-DP CA3127E Yes
SL3145C-DC CA3045F Yes Greater Breakdown Voltages
SL3145C-DP CA3046E Yes Greater Breakdown Voltages
SL3227-DP . CA3227E Yes Greater Breakdown Voltages
SL3227-MP CA3227M Yes Greater Breakdown Voltages
SL3245-DP CA3246E Yes Programmable Biasing Current
SL3245-MP CA3246M Yes Faster Acquisition/lower Droop
SMP10AY HA1-2420-2 T Faster Acquisition/lower Droop
SMP10BY HA1-2420-2 I Faster Acquisition/lower Droop
SMP10EY HA1-2425-5 T Faster Acquisition/lower Droop
SMP10FY HA1-2425-5 T Faster Acquisition/lower Droop
SMP11AY HA1-2420-2 T Faster Acquisition/lower Droop
SMP11BY HA1-2420-2 T Faster Acquisition/lower Droop
SMP11EY HA1-2425-5 T
SMP11FY HA1-2425-5 T
SP1-2541-2 HA1-2541-2 Yes
SP1-2541-5 HA1-2541-5 Yes
SP1-2542-2 HA1-2542-2 Yes
SP1-2542-5 HA1-2542-5 Yes
SP1-5330-2 HA1-5330-2 Yes
SP1-5330-5 HA1-5330-5 Yes
SP2-2500-2 HA2-2500-2 Yes
SP2-2502-2 HA2-2502-2 Yes
SP2-2505-5 HA2-2505-5 Yes
SP2-2510-2 HA2-2510-2 Yes
SP2-2512-2 HA2-2512-2 Yes
SP2-2515-5 HA2-2515-5 Yes
SP2-2520-2 HA2-2520-2 Yes Substitute HA2-2529-2
SP2-2522-2 HA2-2522-2 Yes Substitute HA2-2529-2
SP2-2525-5 HA2-2525-5 Yes Substitute HA2-2529-5
SP2-2541-2 HA2-2541-2 Yes
SP2-2541-5 HA2-2541-5 Yes
SP2-2542-2 HA2-2542-2 Yes
SP2-2542-5 HA2-2542-5 Yes
SP2-2600-2 HA2-2600-2 Yes
SP2-2602-2 HA2-2602-2 Yes
SP2-2605-5 HA2-2605-5 Yes
SP2-2620-2 HA2-2620-2 Yes
SP2-2622-2 HA2-2622-2 Yes
SP2-2625-5 HA2-2625-5 Yes
SP3-2505-5 HA3-2505-5 Yes
SP3-2515-5 HA3-2515-5 Yes
SP3-2525-5 HA3-2525-5 Yes Substitute HA3-2529-5
SP3-2542-5 HA3B2842-5 Yes

¥ Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
SP3-2605-5 HA3-2605-5 Yes
SP3-2625-5 HA3-2625-5 Yes
SP7-2500-2 HA7-2500-2 Yes
SP7-2502-2 HA7-2502-2 Yes
SP7-2505-5 HA7-2505-5 Yes
SP7-2510-2 HA7-2510-2 Yes
SP7-2512-2 HA7-2512-2 Yes
SP7-2515-5 HA7-2515-5 Yes
SP7-2520-2 HA7-2520-2 Yes Substitute HA7-2529-2
SP7-2522-2 HA7-2522-2 Yes Substitute HA7-2529-2
SP7-2525-5 HA7-2525-5 Yes Substitute HA7-2529-5
SP7-2600-2 HA7-2600-2 Yes
SP7-2602-2 HA7-2602-2 Yes
SP7-2605-5 HA7-2605-5 Yes
SP7-2620-2 HA7-2620-2 Yes
SP7-2622-2 HA7-2622-2 Yes
SP7-2625-5 HA7-2625-5 Yes
TA75393P CA3290AE/CA3290E Yes Reduced Igias/hofIcc
TA75557F HA9P5102-9 No Greater Bandwidth/Reduced Vnoise
TA75557P HA3-5102-5 Yes Greater Bandwidth/Reduced Vnoise
TA75559F HA9P5112-9 No Greater Bandwidth/Reduced Vnoise
TA75559P HA3-5112-5 Yes Greater Bandwidth/Reduced Vnoise
TCA971 CA3146AE/CA3046E Yes Greater VCBO With CA3146
TCA971G CA3146AM/CA3046M Yes Greater VCBd With CA3146
TCA991 CA3148E/CA3046E Yes Greater VCBO With CA3146
TCA991G CA3146M/CA3046M Yes Greater VCBO With CA3146
TD62507F CA3183AM No Alt. Product Is CA3083
TD62507P CA3183AE No Alt. Product Is CA3083
TDB2046DP CA3046E Yes Full -55 To 125°C Operation
TDB2046FP CA3046M Yes Full -55 To 125°C Operation
TLC252ACD CA5260AM Yes Specified at +5V Supply
TLC252ACP CA5260AE Yes Specified at +5V Supply
TLC252CD CA5260M Yes Specified at +5V Supply
TLC252CP CA5260E Yes Specified at +5V Supply
TLC254CD CA5470M Yes Specified at +5V Supply
TLC254CN CA5470E Yes Specified at +5V Supply
TLC272ACD CA5260AM Yes Greater Vo7 Range/Reduced Igc
TLC272ACP CA5260AE Yes Greater Voyt Range/Reduced Igg
TLC272AID CA5260AM Yes Greater Voyt Range/Reduced Icc
TLC272AIP CA5260AE Yes Greater Voyt Range/Reduced Igc
TLC272CD CA5260M Yes Greater VoyT Range/Reduced Icc
TLC272CP CA5260E Yes Greater Voyt Range/Reduced Icc
TLC272ID CA5260M Yes Greater Vot Range/Reduced Icc
TLC272IP CA5260E Yes Greater Vo1 Range/Reduced Igc
TLC272MJG CAB260E (PDIP) Yes Greater Voyt Range/Reduced Icc
TLC274CD CA5470M Yes Greater Vot/bandwidth/slew Rate
TLC274CN CA5470E Yes Greater Voyt/bandwidth/slew Rate

§ Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
TLC274ID CA5470M Yes Greater Voyt/bandwidth/slew Rate
TLC274IN CA5470E Yes Greater Voyt/bandwidth/slew Rate
TLC274MJ CA5470E (PDIP) Yes Greater Voyt/bandwidth/slew Rate
TLC27M2ACD CA5260AM Yes Greater Voy1/bandwidth/slew Rate
TLC27M2ACP CA5260AE Yes Greater Voyr/bandwidth/slew Rate
TLC27M2AID CA5260AM Yes Greater Voyt/bandwidth/slew Rate
TLC27M2AIP CA5260AE Yes Greater Voyt/bandwidth/slew Rate
TLC27M2CD CA5260M Yes Greater Voyt/bandwidth/slew Rate
TLC27M2CP CA5260E Yes Greater Voyt/bandwidth/slew Rate
TLC27M2ID CA5260M Yes Greater Voyt/bandwidth/slew Rate
TLC27M2IP CA5260E Yes Greater Voyt/bandwidth/slew Rate
TLC27M2MJG CA5260E (PDIP) Yes Greater Voyt/bandwidth/slew Rate
TLC555CD ICM7555CBA Yes Reduced Icc
TLC5551P ICM75551PA Yes Reduced Icc
TLC556CN ICM75561PD Yes Reduced Icg
TLC556IN ICM75561PD Yes Reduced Igg
TLC556MJ ICM7556MJD Yes Reduced Icc
TP1321 HA-5195 Yes
TP1322 HA-2520 Yes
TP1326 HA-2600 Yes
TP1332 HA-2645 Yes
TP1339 HA-2620 No s
TP1341 HA-2840 Yes
TP1342 HA-2839 Yes
TP1344 HA-5160 Yes
TP1345 HA-5162 Yes
TP4856 HA1-2420/25 Yes Guaranteed Acquisition Time
TP4866 HA1-5320 Yes Guaranteed Acquisition Time
TSC7650ACPA ICL7650SCPA-1 Yes Reduced Tempco/voltage Noise
TSC7650ACPD ICL7650SCPD Yes Reduced Tempco/voltage Noise
TSC7650AIJA ICL7650SI1JA-1 Yes Reduced Tempco/voltage Noise
TSC7650A1JD ICL7650SIJD Yes Reduced Tempco/voltage Noise
UCOPO1CN CA3140AE Yes Mosfet Input
UCOPO1GJ CA3140AE (PDIP) Yes Mosfet Input
ULN2046A-1 CA3146E Yes Full -40 To 85°C Operation
ULN2046L-1 CA3146M Yes
ULN2083A CA3083 Yes Full -55 To 125°C Operation
ULN2083A-1 CA3183E Yes Full -40 To 85°C Operation
ULN2083L CA3083M Yes Full -55 To 125°C Operation
ULN2086A CA3086 Yes Full -55 To 125°C Operation
XR-13600AP CA3280AE No Reduced V|p/enhanced ACs
XR-13600CP CA3280E No Reduced V|p/enhanced ACs
XR-2242CP ICM7242IPA Yes Greatly Reduced Igc )
XR-3403CP CA5470E Yes Mos Input/enhanced ACs
XR-4739CN HA7-5102-5 No Enhanced ACs/DCs
XR-4739CP HA3-5102-5 No Enhanced ACs/DCs
XR-4741CN HA1-4741-5 Yes Guaranteed Channel Separation

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Commercial Linear Product Cross Reference

PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT
XR-4741CP HA3-4741-5 Yes Guaranteed Channel Separation
XR-4741M HA1-4741-2 . Yes Guaranteed Channel Separation
XR-5532AN HA7-5102-5 Yes Reduced V|o/Igias
XR-5532AP HA3-5102-5 Yes Reduced V|o/lg|as
XR-5532N HA7-5102-5 Yes Reduced V|o/lgias
XR-5532P HA3-5102-5 Yes Reduced V|o/Ig|as
XR-5534ACN HA7-5101-5 T Greater Ay /Reduced Vio
XR-5534ACP HA3-5101-5 + Greater Ayp| /Reduced V|o
XR-5534AM HA7-5101-2 + Greater Ayop
XR-5534CN HA7-5101-5 t Greater AVOL/reduced Vio
XR-5534CP HA3-5101-5 T Greater Ay /reduced V|o
XR-5534M HA7-5101-2 F Greater AyoL
XR-8038CN ICL8038CCJD Yes
XR-8038CP ICL8038CCPD Yes
XR-8038M ICL8038AMJD Yes
XR-8038N ICL8038BCJD Yes
uPA103G HFA3046B Yes Lower Cost
uPC357C CA3130E Yes Reduced Igjas
uPC4741C HA3-4741-5 Yes Guaranteed Specs Over Temp
uPC4741G2 HA9P4741-9 T Guaranteed Specs Over Temp
uPD5555C ICM7555CPA Yes Reduced Icc
uPD5556C ' ICM7556CPD Yes Reduced Igc

T Primary Pins are pin-to-pin; secondary/optional pins are not.
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Data Acquisition Products

A/D CONVERTERS DISPLAY

CA3162/CA3162A  A/D Converter for‘31/2-Digit Display
ICL71C03/ICL8052  Precision 41/2-Digit A/D Converter
ICL71C03/ICL8068  Precision 41/2-Digit A/D Converter

ICL7106 31/2-Digit LCD Single-Chip A/D Converter

ICL7107 31/2-Digit LED Single-Chip A/D Converter
ICL7116/7117 31/2-Digit with Display Hold Single-Chip A/D Converter
ICL7126 31/2-Digit Low Power Single-Chip A/D Converter
ICL7129 41/2-Digit LCD Single-Chip A/D Converter

ICL7136 31/2-Digit LCD Low Power A/D Converter

ICL7137 31/2-Digit LED Low Power Single-Chip A/D Converter
ICL7139 33/4-Digit Autoranging Multimeter

ICL7149 Low Cost 33/4~Digit Autoranging Multimeter

A/D CONVERTERS INTEGRATING

ICL7104/ICL8052
ICL7104/ICL8068
ICL7109
ICL7135

14/16-Bit uP-Compatible 2-Chip A/D Converter
14/16-Bit uP-Compatible 2-Chip A/D Converter
12-Bit uP-Compatible A/D Converter
41/,-Digit BCD Output A/D Converter

A/D SUCCESSIVE APPROXIMATION

ADCO0802/3/4 8-Bit uP-Compatible A/D Converter

CA3310/CA3310A  CMOS 10-Bit A/D Converter with Internal Track and Hold
HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor Interface
HI5812 Low Power, Sampling 12-Bit A/D Converter

HI-674A 12us, Complete 12-Bit A/D Converter with Microprocessor Interface
HI-774 8us Complete 12-Bit A/D Converter with Microprocessor Interface
A/D CONVERTERS FLASH

HI3304 4-Bit 25 MSPS A/D Converter

HI11826 6-Bit 140 MSPS A/D Converter

H11866 6-Bit 140 MSPS A/D Converter

HI3306 6-Bit 15 MSPS A/D Converter

HI-5701 6-Bit 30 MSPS A/D Converter

HI3318 8-Bit 15 MSPS A/D Converter

HI1386 8-Bit 75 MSPS A/D Converter

HI1396 8-Bit 125 MSPS A/D Converter

Hi1166 8-Bit 250 MSPS A/D Converter

HI1276 8-Bit 500 MSPS A/D Converter

D/A CONVERTERS

AD7520 10/12-Bit Multiplying DIA Converter

AD7521 10/12-Bit Multiplying DIA Converter

AD7530 10/12-Bit Multiplying DIA Converter
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Data Acquisition Products

AD7531
AD7523
AD7533
AD7541
AD7545
HI-DAC80V
HI-DAC85V

10/12-Bit Multiplying D1A Converter

8-Bit Multiplying D/A Converter

10-Bit Multiplying D/A Converter

12-Bit Multiplying D/A Converter

12-Bit Buffered Multiplying CMOS DAC
12-Bit, Low Cost, Monolithic D/A Converter
12-Bit, Low Cost, Monolithic D/A Converter

D/A CONVERTERS HIGH SPEED

HI2304 Triple 8-Bit 20MHz D/A Converter

HI1106 8-Bit 35MHz D/A Converter

HI1260 Triple 8-Bit 35MHz D/A Converter

HI20206 Triple 8-Bit 35MHz D/A Converter

HI1171 8-Bit 40MHz CMOS D/A Converter

HI1178 Triple 8-Bit 40MHz D/A Converter

HI1177 Dual 8-Bit 40MHz D/A Converter

HI3338 8-Bit 50MHz D/A Converter

HI20203 8-Bit 160MHz D/A Converter

HI3050 Triple 10-Bit 50MHz D/A Converter

HI2307 Triple 10-Bit 50MHz D/A Converter
ANALOG SWITCHES

DG181 Dual SPST (30Q) Switch

DG182 Dual SPST (75Q) Switch

DG184 Dual DPST (30€2) Switch

DG185 Dual DPST (75€) Switch

DG187 SPST (30Q) Switch

DG188 SPST (75Q) Switch

DG190 Dual SPST (30Q) Switch

DG191 Dual SPST (75Q) Switch

DG200 Dual SPST CMOS Analog Switch

DG201A Quad Monolithic SPST CMOS Analog Switch
DG202 Quad Monolithic SPST CMOS Analog Switch
DG211 Quad Monolithic SPST CMOS Analog Switch
DG212 Quad Monolithic SPST CMOS Analog Switch
DG300A Dual SPST TTL Compatible CMOS Analog Switch
DG301A SPDT TTL Compatible CMOS Analog Switch
DG302A Dual DPST TTL Compatible CMOS Analog Switch
DG303A Dual SPDT TTL Compatible CMOS Analog Switch
DG308A Quad Monolithic SPST CMOS Analog Switch
DG309 Quad Monolithic SPST CMOS Analog Switch
DG401/403/405 Dual CMOS Analog Switches
DG411/412/413 Quad SPST CMOS Analog Switches
DG441/442 Quad SPST CMOS Analog Switches

HI-200 Dual SPST CMOS Analog Switch

HI-201 Quad SPST CMOS Analog Switch
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HI-201HS
HI-222
HI-300
HI-301
HI-302
HI-303
HI-304
HI-305
HI-306
HI-307
HI-381
HI-384
HI-387
HI-390
HI-5040
HI-5041
HI-5042
HI-5043
HI-5044
HI-5045
HI-5046
HI-5046A
HI-5047
HI-5047A
HI-5048
HI-5049
HI-5050
HI-5051
IH401A
IH5040
1H5041
IH5042
IH5043

- IH5044

1H5045
IH5046
IH5047
IH5052
IH5053
IH5140
IH5141
IH5142
1H5143
IH5144
IH5145

High-Speed Quad SPST CMOS Analog Switch
High Frequency Video Switch

Dual SPST CMOS Analog Switch

SPDT CMOS Analog Switch

Dual DPST CMOS Analog Switch

Dual SPDT CMOS Analog Switch

Dual SPST CMOS Analog Switch

SPDT CMOS Analog Switch

Dual DPST CMOS Analog Switch

Dual SPDT CMOS Analog Switch

Dual SPST CMOS Analog Switch

Dual DPST CMOS Analog Switch

SPDT CMOS Analog Switch

Dual SPDT CMOS Analog Switch

SPST CMOS Analog Switch

Dual SPST CMOS Analog Switch

SPDT CMOS Analog Switch

Dual SPDT CMOS Analog Switch

DPST CMOS Analog Switch

Dual DPST CMOS Analog Switch

DPDT CMOS Analog Switch

DPDT CMOS Analog Switch

4PST CMOS Analog Switch

4PST CMOS Analog Switch

Dual SPST CMOS Analog Switch

Dual DPST CMOS Analog Switch

SPDT CMOS Analog Switch

Dual SPDT CMOS Analog Switch

Quad Varafet Analog Switch

SPST 75 Ohm High-Level CMOS Analog Switch
Dual SPST 75 Ohm High-Level CMOS Analog Switch
SPDT 75 Ohm High-Level CMOS Analog Switch
Dual SPDT 75 Ohm High-Level CMOS Analog Switch
DPST 75 Ohm High-Level CMOS Analog Switch
Dual DPST 75 Ohm High-Level CMOS Analog Switch
DPDT 75 Ohm High-Level CMOS Analog Switch
4PST 75 Ohm High-Level CMOS Analog Switch
Quad SPST CMOS Analog Switch

Quad SPST CMOS Analog Switch

SPST High-Level CMOS Analog Switch

Dual SPST High-Level CMOS Analog Switch
SPDT High-Level CMOS Analog Switch

Dual SPDT High-Level CMOS Analog Switch
DPST High-L.evel CMOS Analog Switch

Dual DPST High-Level CMOS Analog Switch
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1H5148 Dual SPST High-Level CMOS Analog Switch

IH5149 Dual DPST High-Level CMOS Analog Switch

IH5150 SPDT High-Level CMOS Analog Switch

IH5151 Dual SPDT High-Level CMOS Analog Switch

1H5341 Dual SPST CMOS RF/Video Switch

IH5352 Quad SPST CMOS RF/Video Switch

MULTIPLEXERS

DG406/407 16-Channel/Dual 8-Channel CMOS Analog Multiplexer

DG408/409 Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers

DG506A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer

DG507A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer

DG508A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer

DG509A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer

DG526 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer

DG527 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer

DG528 8-Channel/Dual 4-Channel Latchable Multiplexer

DG529 8-Channel/Dual 4-Channel Latchable Multiplexer

HI-1818A/1828A Low Resistance Single 8/Differential 4-Channel CMOS Analog Multiplexers

HI-506 Single 16/Differential 8-Channel CMOS Analog Multiplexer

HI-507 Single 16/Differential 8-Channel CMOS Analog Multiplexer

HI-506A Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection
HI-507A Single 16/Differential 8-Channel CMOS Analog Multipiexer with Active Overvoltage Protection
HI-508 Single 8/Differential 4-Channel CMOS Analog Multiplexer

HI-509 Single 8/Differential 4-Channel CMOS Analog Multiplexer

HI-508A Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection
HI-509A Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection
HI-516 16-Channel/Differential 8-Channel CMOS High-Speed Analog Multiplexer

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

HI-524 4-Channel Wideband and Video Multiplexer

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

Hi-546 Single 16/Differential 8-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection
HI-547 Single 16/Differential 8-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection
HI-548 Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection
HI-549 Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection
IH6108 8-Channel CMOS Analog Multiplexer

IH6208 4-Channel Differential CMOS Analog Multiplexer

DISPLAY DRIVERS

CA3161 BCD to Seven Segment Decoder/Driver

CA3168 2-Digit BCD to Seven Segment Decoder/Driver

ICM7211 4-Digit LCD/LED Display Driver

ICM7212 4-Digit LCD/LED Display Driver

ICM7218 8-Digit LED Multiplexed Display Driver

ICM7228 8-Digit LED Multiplexed Display Driver

ICM7231 Numeric/Alphanumeric Triplexed LCD Display Driver
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ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver
ICM7243 8-Character uP-Compatible LED Display Driver
REAL-TIME CLOCK

ICM7170 uP-Compatible Real-Time Clock

COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS
ICM7207/A CMOS Timebase Generator

ICM7208 7-Digit LED Display Counter

ICM7209 Timebase Generator

ICM7213 One Second/One Minute Timebase Generator
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer

ICM7217 4-Digit LED Display Programmable Up/Down Counter
ICM7224 41/2-Digit LCD/LED Display Counter

ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer

ICM7249 51/2-Digit LCD p-Power Event/Hour Meter

SPECIAL PURPOSE

AD590 2-Wire Current Qutput Temperature Transducer

1CL.8069 Low Voltage Reference

DATA COMMUNICATIONS

ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver
HIN200 +5 Volt 5T/0R Powered Dual RS-232 Transmitter/Receiver
HIN201 +5 Volt 2T/2R Powered Dual RS-232 Transmitter/Receiver
HIN202 +5 Volt 2T/2R Powered Dual RS-232 Transmitter/Receiver
HIN204 +5 Volt 4T/OR Powered Dual RS-232 Transmitter/Receiver
HIN206 +5 Volt 4T/3R Powered Dual RS-232 Transmitter/Receiver
HIN207 +5 Volt 5T/3R Powered Dual RS-232 Transmitter/Receiver
HIN208 +5 Volt 4T/4R Powered Dual RS-232 Transmitter/Receiver
HIN209 +5 Volt 3T/5R Powered Dual RS-232 Transmitter/Receiver
HIN211 +5 Volt 4T/4R Powered Dual RS-232 Transmitter/Receiver
HIN213 +5 Volt 4T/5R Powered Dual RS-232 Transmitter/Receiver
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Digital Signal Processing Products

MULTIPLIERS
HMAS510 16 x 16-Bit CMOS Parallel Multiplier Accumulator
HMU16/HMU17 16 x 16-Bit CMOS Parailel Multipliers
ONE DIMENSIONAL FILTERS
DECI « MATE Harris HSP43220 Decimating Digital Filter Development Software
HSP43124 Serial I/O Filter
HSP43168 Dual FIR Filter
HSP43216 Half Band Filter
HSP43220 Decimating Digital Filter
HSP43881 Digital Filter
HSP43891 Digital Filter
TWO DIMENSIONAL FILTERS
HSP48901 3 x 3 Image Filter
HSP48908 Two Dimensional Convolver
SIGNAL SYNTHESIZERS
HSP45102 12-Bit Numerically Controlled Oscillator
HSP45106 16-Bit Numerically Controlled Oscillator
HSP45116 Numerically Controlled Oscillator/Modulator
HSP45116A Numerically Controlled Oscillator/Modulator
HSP45116-DB HSP45116 Evaluation Daughter Board
SPECIAL FUNCTION
HSP45240 Address Sequencer
HSP45256 Binary Cotrelator
HSP48410 Histogrammer/Accumuilating Buffer
HSP9501 Programmable Data Buffer
HSP9520/9521 Binary Correlator
HSP-EVAL DSP Evaluation Platform
COMMUNICATIONS
HSP50016 Digital Down Converter
HSP50110 Digital Quadrature Tuner
HSP50210 Digital Costas Loop
HSP50110/210EVAL Demo Chipset Evaluation Board
HSP50306 QPSK Demodulator (Note 1)
HSP50307 Burst QPSK Modulator (Note 1)
HSP50307EVAL Burst QPSK Modulator Evaluation Board
HSP50214 Programmable Downconverter (Note 1)
HSP50215 Programmable Upconverter (Note 2)
NOTES:

1. New Product Offerings
2. New Product Offerings In Short Term Road Map

FOR MORE INFORMATION CONTACT YOUR LOCAL SALES OFFICE OR DISTRIBUTOR
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CA3094, CA3094A, 30MHz, High Output Current Operational Transconductance Amplifier (OTA)............... 3-56
CA3094B
CA3100 38MHz, Operational Amplifier . .. ... ... . 3-57
CA3130, CA3130A 15MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output. . . ............... 3-64
CA3140, CA3140A 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output . . ............... 3-79
CA3160, CA3160A 4MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output. . ........... e 3-98
CA3193, CA3193A 1.2MHz, BiCMOS Precision Operational Amplifiers . ........... ... .. i .. 3-114
CA3240, CA3240A Dual, 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ............ 3-115
CA3260, CA3260A 4MHz, BiIMOS Operational Amplifier with MOSFET Input/CMOS Output. .................. 3-129
CA3280, CA3280A Dual, 9MHz, Operational Transconductance Amplifier (OTA). .. ... v 3-132
CA3420, CA3420A 0.5MHz, Low Supply Voltage, Low Input Current BiIMOS Operational Amplifiers. . ........... 3-141
CA3440, CA3440A 63kHz, Nanopower, BIMOS Operational Amplifiers .......... ... . i, 3-142
CA3450 220MHz, Video Line Driver, High Speed Operational Amplifier ................... ... ... 3-143
CA5130, CA5130A 15MHz, BiIMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS OQutput . ... 3-144
CA5160, CA5160A 4MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output . . . .. 3-145
CA5260, CA5260A 3MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output . . ... ... 3-146
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CA5420, CA5420A
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-2839

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

Operational Amplifiers (continues)

0.5MHz, Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers............. 3-150

Quad, 14MHz, Microprocessor BIMOS-E Operational Amplifier with MOSFET Input/Bipolar Output. 3-156
40MHz, PRAM Four Channel Programmable Arhplifiers ................................ 3-161
30MHz, Digitally Selectable Four Channel Operational Amplifier. . ....................... 3-167
50MHz, Selectable, Four Channel Video Operational Amplifier . ......................... 3-173
12MHz, High Input Impedance, Operational Amplifiers. .. ......... ... ... . i iaa.n. 3-174
12MHz, High Input Impedance, Operational Amplifiers. . . ............. ... ... ......... 3-181
20MHz, High Slew Rate, Uncompensated, High Input Impedance, Operational Amplifiers . . . . . 3-188
20MHz, High Input Impedance, High Slew Rate Operational Amplifier. . . .................. 3-196
600MHz, Very High Slew Rate Operational Amplifier............. e 3-197
400MHz, Fast Settling Operational Amplifier. . ......... ... ... ... i i il 3-205
40MHz, Fast Settling, Unity Gain Stable, Operational Amplifier . ... ...................... 3-213
70MHz, High Slew Rate, High Output Current Operational Amplifier .. . ................... 3-222
50MHz, Video Operational Amplifier. . .. ... ... i i i e i 3-233
150MHz, High Slew Rate, Precision Operational Amplifier. . ....... ... ... .. ... ... ... ... 3-244
12MHz, High Input Impedance Operational Amplifiers . .. ............ ... ... ... ....... 3-245
100MHz, High Input Impedance, Very Wideband, Uncompensated Operational Ampilifiers. . . . . 3-252
4MHz, High Supply Voltage Operational Amplifiers .. ............. ... .. ... ..o it 3-259
600MHz, Very High Slew Rate Operational Amplifier. . ............ ... .. ... ... o, 3-265
600MHz, Very High Slew Rate Operational Amplifier. ... ... ... .. ... ... .. ... ... ..... 3-266
50MHz, Fast Settling, Unity Gain Stable, Video Operational Amplifier ... .................. 3-273
80MHz, High Slew Rate, High Output Current, Video Operational Amplifier ........... ..... 3281
470MHz, Low Power, High Slew Rate Operational Amplifier ....................... L 3-290
Quad, 3.5MHz, Operational Amplifier . . ........ ... .. . . 3-291
110MHz, High Slew Rate, High Output CurrentBuffer. . .......... ... ... .. .. ... ..... 3-297
100MHz Current Feedback Amplifier .............. ............................... 3-305
Triple, 125MHz Video Amplifier. . . ... .. .. e e 3-306
100MHz Current Feedback Video AmpliﬁerFWith Disable. ......... ... o i 3-320
Dual, 125MHz, Video Current Feedback Amplifier with Disable . . ....... ................ 3-340
Dual 125MHz Video Current Feedback Amplifier .. ........ .. ... .. .. . i i, 3-356
Quad 125MHz Video Current Feedback Amplifier with Disable .......................... 3-370
Quad, 125MHz Video Current Feedback‘Ampliﬁer .................................... 3-386
250MHz Video Buffer .. ... ... 3-399
10MHz and 100MHz, Low Noise, Operational Amplifiers .. . .......... .. ... .. 3-408
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Operational Amplifiers (continueq)

HA-5102, HA-5104, Dual and Quad, 8MHz and 60MHz, Low Noise Operational Amplifiers .................... 3-419
HA-5112, HA-5114
HA-5127, HA-5127A 8.5MHz, Ultra-Low Noise Precision Operational Amplifier . ............. ... ... ... .. ... 3-432
HA-5130, HA-5135 2.5MHz, Precision Operational Amplifiers. . .. ... i i 3-441
HA-5134 4MHz, Precision, Quad Operational Amplifier. ... ......... . ... . i 3-450
HA-5137, HA-5137A 63MHz, Ultra-Low Noise Precision Operational Amplifier. . .......... .. ... ... ... ..... 3-458
HA-5142, HA-5144 Dual/Quad, 400kHz, Ultra-Low Power Operational Amplifiers . .......... ... .. ... ...... 3-466
HA-5147, HA-5147A 120MHz, Ultra-Low Noise Precision Operational Amplifiers. .. ....................... ... 3-474
HA-5160, HA-5162 100MHz, JFET In;;ut, High Slew Rate, Uncompensated, Operational Amplifiers. .. .......... 3-482
HA-5170 8MHz, Precision, JFET Input Operational Amplifier . ........... ... ... ... .. ... .. 3-489
HA-5177 2MHz, Ultra-Low Offset Voltage Operational Amplifier.......... ... ... ... .o ot 3-497
HA-5190, HA-5195 150MHz, Fast Settling Operational Amplifiers. . . ........ ... ... ... .. .. . . o .. 3-498
HA-5221, HA-5222 100MHz, Single and Dual Low Noise, Precision Operational Amplifiers. . .................. 3-506
HFA1100, HFA1120  850MHz, Low Distortion Current Feedback Operational Amplifiers ....................... 3-518
HFA1102 600MHz Current Feedback Amplifier with CompensationPin. . . ......................... 3-528
HFA1103 200MHz, Video Op Amp with High Speed Sync Stripper . ............. .. ..ot e 3-533
HFA1105 330MHz, Low Power, Current Feedback Video Operational Amplifier . .. .................. 3-539
HFA1106 315MHz, Low Power, Video Operational Amplifier with CompensationPin . ................ 3-550
HFA1109, HFA1149 550MHz, Low Power, Current Feedback Operational Amplifiers . ........................ 3-564
HFA1110 750MHz, Low Distortion Unity Gain, Closed Loop Buffer ............ ... ... . ...ooia.. 3-565
HFA1112 850MHz, Low Distortion Programmable Gain Buffer Amplifier . .. ........................ 3-573
HFA1113 850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier............. 3-585
HFA1114 850MHz Video Cable Driving Buffer . .................. B 3-600
HFA1115 225MHz, Low Power, Output Limiting, Closed Loop Buffer Amplifier. ..................... 3-605
HFA1118, HFA1119  500MHz Programmable Gain Video Buffers with Output Limiting and Output Disable. ........ 3-611
HFA1130 850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier .. ......... 3-612
HFA1135 360MHz, Low Power, Video Operational Amplifier with Output Limiting. . .................. 3-623
HFA1145 330MHz, Low Power, Current Feedback Video Operational Amplifier with Output Disable . . . . . 3-628
HFA1205 Dual, 400MHz, Low Power, Video Operational Amplifier .................... ... ........ 3-640
HFA1212 Dual 350MHz, Low Power Closed Loop Buffer Amplifier ... .......... ... .. .. .. ... .... 3-647
HFA1245 Dual, 530MHz, Low Power, Video Operational Amplifier with Disable .. ................... 3-657
HFA1405 Quad, 560MHz, Low Power, Video Operational Amplifier. . ... ...... ... .. ... .. .. ooa.. 3-663
HFA1412 " Quad, 350MHz, Low Power, Programmable Gain Buffer Amplifier. . . ..................... 3-676
ICL7611, ICL7612 1.4MHz, Low Power CMOS Operational Amplifiers . ......... .. ... ... .. .. 3-689
ICL7621, ICL7641, Dual/Quad, Low Power CMOS Operational Amplifiers . .. ......... .. ... .. oo .. 3-700
ICL7642
ICL7650S 2MHz, Super Chopper-Stabilized Operational Amplifier. .. ............... .. .. .. .. ... ... 3-711
Operational Amplifiers Glossary of Terms .. ... ... ... ... i it 3-721
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Selection Guide

WIDEBAND: Min/Max Limits at 25°C, Unless Otherwise Specified

SLEW | AvoL SUPPLY
GBWP | FPBW | RATE | (dBY | MINIMUM | OFFSET BIAS CURRENT
avw) | avp) | avp) | AzoL | sTABLE |voLTAGE | cURRENT| cMRR | PsRR | (masop

DEVICE | (MHz) | (MHz) | (vis) | (vmA) | GAIN (mv) (nA) (dB) (dB) AMP)
BUFFERS ‘
HFA1112 850 260 2400 - +1,-1, 42 25 35000 - 39 26.0
HFA1113 850 260 2400 - +1,-1, 42 25 35000 - 39 26.0
HFA1114 850 260 2400 . +1,-1, 42 25 35000 - 39 26.0
HFA1110 750 150 1300 - + 25 40000 - 39 26.0
HA4600 400 - 1700 - +1 10 50000 - - 13.0
HA-5033 250 17.5 1100 - +1 15 35000 - 54 25.0
HFA1115 225 140 1100 - +1,-1, +2 10 15000 - 45 7.4
HA-5002 110 20.7 1300 - + 20 7000 - 54 10.0
DUAL BUFFERS
HFA1212 | 340 140 1100 . L+1, A, +2 L 10 15000 . 45 6.1
QUAD BUFFERS
HFA1412 I 225 140 1100 - Ln, 1,42 | 10 15000 - 45 6.1
SINGLE OP AMPS
HFA1100 850 300 2300 500 1 6.0 40000 40 45 26.0
(Note 1) :

HFA1120 850 300 2300 500 1 6.0 40000 40 45 26.0
(Note 1)

HFA1130 850 300 2300 500 1 6.0 40000 40 45 26.0
(Note 1)

HA-2539 600 95 600 80 10 10.0 20000 60 60 25.0

HA-2839 600 10.0 625 86 10 2.0 14500 75 75 15.0

HA-2840 600 10.0 625 86 10 2.0 14500 75 75 15.0

HFA1109 500 TBD 1200 500 1 5.0 15000 a7 50 10.0

(Note 1)
HEA1149 500 TBD 1200 500 1 5.0 15000 47 50 10.0
(Note 1)
HA-2850 470 54 340 86 10 2.0 14500 75 75 8.0
HA-2540 400 6.0 400 80 10 10.0 20000 60 60 25.0
HFA1105 350 140 1000 500 1 5.0 15000 a7 50 6.1
(Note 1)

HFA1145 350 140 1000 500 1 5.0 15000 47 50 6.1
(Note 1)

HFA1135 350 170 1200 500 1 5.0 15000 47 50 7.
(Note 1)

HFA1106 315 100 700 500 1 5.0 15000 a7 50 6.1
(Note 1) (Note 2)

HA-5190 150 6.5 200 83 5 5.0 15000 74 70 28.0

HA-5195 150 6.5 200 83 5 6.0 15000 74 70 28.0

HA-5147 140 05 35 117 10 0.1 80 100 86 4.0

NOTE: Bold type designates a new product from Harris.




Selection Guide

WIDEBAND: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued)

SLEW AvoL SUPPLY
GBWP FPBW RATE (dB)/ MINIMUM | OFFSET BIAS CURRENT
(TYP) (TYP) (TYP) AzoL STABLE | VOLTAGE | CURRENT | CMRR PSRR (mA/OP
DEVICE (MHz) (MHz) (Vius) (V/imA) GAIN (mV) (nA) (dB) (dB) AMP)
HA-5147A 120 0.5 35 120 10 0.03 40 114 108 4.0
HA-5020 100 17.5 1100 3500 1 8.0 8000 60 64 10.0
(Note 1)
HA-2620 100 0.6 35 100 5 4.0 15 80 80 3.7
(Note 2)
HA-2622 100 0.6 35 98 5 5.0 25 74 74 4.0
(Note 2)
HA-2625 100 0.6 35 98 5 5.0 25 74 74 4.0
(Note 2)
HA-5111 100 0.8 50 120 10 3.0 200 80 80 6.0
(Note 2)
HA-5160 100 19 120 97 10 3.0 0.05 74 74 10.0
(Note 2)
HA-5162 100 1.10 70 88 10 15.0 0.065 70 70 12.0
(Note 2)

HA-5221 100 0.56 35 106 1 0.75 80 86 86 11.0
HA-2842C 150 18.0 1200 94 2 3.0 10000 80 70 15.0
(Note 2)

HA-2842 - 80 6.0 400 94 2 3.0 10000 80 70 15.0
HA-2841 50 38 240 88 1 3.0 10000 80 70 11.0

DUAL OP AMPS

HFA1245 530 150 1050 500 1 5 15000 45 48 6.1
(Note 1)

HFA1205 400 180 1275 500 1 5 15000 45 48 6.1
(Note 1)

HA5022 125 28 475 1000 1 3.0 8000 53 60 10.0
(Note 1)

HA5023 125 28 475 1000 1 3.0 8000 53 60 10.0
(Note 1)

HA-5222 100.0 0.56 35 106 1 0.75 80.0 86 86 11.0

HA-5112 60.0 0.32 20 100 10 20 200.0 86 86 25

TRIPLE OP AMPS

HA5013 125 28 475 3500 1 3.0 8000 53 60 10.0
(Note 1)

QUAD OP AMPS

HFA1405 400 TBD 1000 500 1 5 15000 45 48 6.1
(Note 1)

HA5024 125 28 475 3500 1 3.0 8000 53 60 10.0
(Note 1)

HA5025 125 28 475 3500 1 3.0 8000 53 60 10.0
(Note 1)

HA-5114 60.0 0.32 20.0 100 10 25 200.0 86 86 1.63

HA-2444 50.0 5.1 160 71 1 7.0 15000 70 65 6.25

NOTE: Bold type designates a new product from Harris.
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Selection Guide

WIDEBAND: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued)

SLEW AvoL SUPPLY
GBWP FPBW RATE (dB)y MINIMUM | OFFSET BIAS CURRENT
(TYP) (TYP) (TYP) AzoL STABLE | VOLTAGE | CURRENT | CMRR PSRR (mA/OP
DEVICE (MHz) (MHz) (Vius) (V/imA) GAIN (mV) (nA) (dB) (dB) AMP)
HA-2400 40.0 0.95 30.0 94 10 9.0 200.0 80 74 15
(Note 2)
HA-2404 40.0 0.95 30.0 94 10 9.0 200.0 80 74 15
(Note 2)
HA-2405 40.0 0.95 30.0 94 10 9.0 250.0 74 74 15
(Note 2) :
NOTES:
1. AzoL applies to current feedback amplifiers only (HA-5004, HA-502X, HFA11XX, HFA12XX, HFA14XX).
2. Product features an external compensation pin to limit bandwidth for noise reduction or to allow unity gain operation.
HIGH SLEW RATE: Min/Max Limits at 25°C, Unless Otherwise Specified
SLEW AvoL SUPPLY
RATE GBWP FPBW (dB)y MINIMUM OFFSET BIAS CURRENT
(TYP) (TYP) (TYP) -~ AzoL STABLE | VOLTAGE | CURRENT | CMRR PSRR (mA/OP
DEVICE (V/us) (MHz) (MHz) (V/imA) GAIN (mvV) (nA) (dB) (dB) AMP)
BUFFERS
HFA1112 . 2400 850 260 - +1,-1, +2 25.0 35000 - 39 26.0
HFA1113 2400 850 260 - +1,-1, +2 25.0 35000 - 39 26.0
HFA1114 2400 850 260 - +1, -1, +2 25 35000 - 39 26.0
HA4600 1700 400 - - +1 10 50000 - - 13.0
HFA1110 1300 750 150 - +1 25.0 40000 - 39 26.0
HA-5002 1300 110 20.7 - +1 20.0 7000 - 54 10.0
HFA1115 1100 225 140 - +1, -1, +2 10 15000 - 45 7.1
HA-5033 1100 250 17.5 - +1 15.0 35000 - 54 25.0
DUAL BUFFERS
HFA1212 | 1100 340 140 | - I +1,-1, 42 I 10 15000 - 45 6.1
QUAD BUFFERS
HFA1412 | 1100 225 10 | - [ a,ae2] 10 15000 . 5 6.1
SINGLE OP AMPS
HFA1100 2300 850 300 500 1 6.0 40000 40 45 26.0
(Note 1)
HFA1120 2300 850 300 500 1 6.0 40000 40 45 26.0
(Note 1)
HFA1130 2300 850 300 500 1 6.0 40000 40 45 26.0
(Note 1)
HFA1109 1200 500 TBD 500 1 5.0 15000 47 50 10.0
(Note 1)
HFA1149 1200 500 TBD 500 1 5.0 15000 47 50 10.0
(Note 1)
HFA1135 1200 350 170 500 1 5.0 15000 47 50 74
(Note 1)
HA-2842C 1200 150 18.0 94 2 3.0 10000 80 70 15.0
(Note 2)

NOTE: Bold type designates a new product from Harris.




Selection Guide

HIGH SLEW RATE: Min/Max Limits at 25°C, Uniess Otherwise Specified (Continued)

NOTE: Bold type designates a new product from Harris.

3-7

SLEW AvoL SUPPLY
RATE GBWP FPBW (dBY MINIMUM | OFFSET BIAS CURRENT
(TYP) (TYP) (TYP) AzoL STABLE | VOLTAGE | CURRENT | CMRR PSRR (mA/OP
DEVICE (Vius) (MHz) (MHz) (V/mA) GAIN (mV) (nA) (dB) (dB) AMP)
HA-5020 1100 100 17.5 3500 1 8.0 8000 60 64 10.0
(Note 1)
HFA1105 1000 350 140 500 1 5.0 15000 47 50 6.1
(Note 1)
HFA1145 1000 350 140 500 1 5.0 15000 47 50 6.1
(Note 1)
HA-2839 625 600 10.0 86 10 2.0 14500 75 75 15.0
HA-2840 625 600 10.0 86 10 2.0 14500 75 75 15.0
HA-2539 600 600 9.5 80 10 10.0 20000 60 60 25.0
HA-2540 400 400 6.0 80 10 10.0 20000 60 60 25.0
HA-2842 400 80 6.0 94 2 3.0 10000 80 70 15.0
HA-2542 350 70 5.5 80 2 10.0 35000 70 70 345
(Note 2)
HA-2850 340 400 54 86 10 2.0 14500 75 75 8.0
d
HA-2841 240 50 338 88 1 3.0 10000 80 70 11.0 § g
HA-2541 250 40 4.0 80 1 2.0 35000 70 70 40.0 o E
==
HA-5190 200 150 6.5 83 5 5.0 15000 74 70 28.0 g d
HA-5195 200 150 6.5 83 5 6.0 15000 74 70 28.0 E E
HA-2544 150 50 4.2 71 1 15.0 15000 75 70 12.0 ©
HA-2520 120 20 2 80 3 8.0 200 80 80 6.0
(Note 2)
HA-2522 120 20 2 78 3 10.0 250 74 74 6.0
(Note 2)
HA-2525 120 20 2 78 3 10.0 250 74 74 6.0
(Note 2)
HA-5160 120 100 1.9 97 10 3.0 0.05 74 74 10.0
(Note 2)
DUAL OP AMPS
HFA1205 1275 400 140 500 1 5 15000 45 48 6.1
(Note 1)
HFA1245 1050 530 130 500 1 5 15000 45 48 6.1
(Note 1)
HA5022 475 125 28 1000 1 3.0 8000 53 60 10.0
(Note 1)
HA5023 475 125 28 1000 1 3.0 8000 53 60 10.0
(Note 1)
CA3280 125 9.0 1.99 94 1 3.0 5000 80 86 24
CA3280A 125 9.0 1.99 94 1 0.5 5000 94 94 24
TRIPLE OP AMPS
HA5013 475 125 28 3500 1 3.0 8000 53 60 10.0
(Note 1)



Selection Guide

HIGH SLEW RATE: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued)
SLEW AvoL SUPPLY
RATE GBWP FPBW (dBY MINIMUM | OFFSET BIAS CURRENT
(TYP) (TYP) (TYP) AzoL STABLE | VOLTAGE | CURRENT | CMRR PSRR (mA/OP
DEVICE (Vius) (MHz) (MHz) (V/imA) GAIN (mV) (nA) (dB) (dB) AMP)
QUAD OP AMPS
HFA1405 1000 400 TBD 500 1 5.0 15000 45 48 6.1
(Note 1)
HA5024 475 125 28 3500 1 3.0 8000 53 60 10.0
(Note 1)
HAS5025 475 125 28 3500 1 3.0 8000 53 60 10.0
(Note 1)
HA-2444 160 50 5.1 71 1 7.0 15000 70 65 6.25
NOTES:
1. AzoL applies to current feedback amplifiers only (HA-5004, HA-502X, HFA11XX, HFA12XX, HFA14XX).
2. Product features an external compensation pin to limit bandwidth for noise reduction or to allow unity gain operation.
VIDEO: Typical Values at 25°C, Unless Otherwise Specified
0.1dB SUPPLY | SUPPLY
DIF. DIF. FLAT SLEW | OUTPUT | VOLTAGE | CURRENT
GAIN | PHASE | GAIN | GBWP | RATE |CURRENT| RANGE (mA/OP
DEVICE FEATURES (%) (DEG) | (MHz) | (MHz) | (V/us) (mA) @v) AMP)
BUFFERS
HA4600 Video Buffer w/Output Disable| 0.01 0.01 250 480 1700 20 45-55 10.5
HFA1110  |+1, Std. Buffer Pinout 0.02 0.02 >100 750 1300 60 45-55 21.0
HFA1112 -1, +1, +2 (Selectable) Standard 0.02 0.04 >100 850 2400 60 45-55 21.0
Op Amp Pinout
HFA1113  |-1, +1, +2 (Selectable) Standard |  0.02 0.04 >100 850 2400 60 45-55 21.0
Op Amp Pinout, Voyr Limits
HFA1114  [-1, +1, +2 (Selectable) 0.02 0.04 >100 850 1100 60 45-55 21.0
Summing Node Pinout
HFA1115 -1, +1, +2 (Selectable) Standard 0.02 0.03 >50 225 1100 60 45-5.5 5.9
Op Amp Pinout, Voyr Limits
HA-5033 - |+1, Std. Buffer Pinout 0.03 0.02 - 250 1100 100 5-16 21.0
HA-5002 +1, Std. Buffer Pinout 0.06 0.21 - 110 1300 200 5-20 8.3
DUAL BUFFERS
HFA1212 ]-1, +1, +2 (Selectable) 0.02 | 0.02 | >50 ] 340 | 1100 | 60 [ 45-55 | 5.9
QUAD BUFFERS
HFA1412 |-1, +1, +2 (Selectable) 0.02 | 0.02 | >50 | 225 | 1100 | 60 r 45-55 | 59
SINGLE OP AMPS
HFA1109 |Ay 21, CFB, Wideband 0.02 0.03 100 500 1200 30 45-55 10.0
HFA1149 | Ay = 1, CFB, Programmable 0.02 0.03 100 500 1200 30 45-5.5 10.0
Output Disable
HFA1105 |Ay =1, Low icc, CFB 0.02 0.03 >50 350 1000 60 45-55 5.9
HFA1145 Ay 21, Low Icg, CFB, 0.02 0.03 >50 350 1000 60 45-55 5.9
Output Disable
HFA1135 |Ay =1, Lowligc, CFB, 0.02 0.04 >50 360 1200 60 45-55 6.9
Programmable Output Limiting

NOTE: Bold type designates a new product from Harris.
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VIDEO: Typical Values at 25°C, Unless Otherwise Specified (Continued)

0.1dB SUPPLY | SuPPLY
DIF. DIE. | FLAT SLEW | OUTPUT |VOLTAGE | CURRENT
GAIN | PHASE | GAIN | GBWP | RATE |CURRENT| RANGE | (mA/OP
DEVICE FEATURES %) | OEG) | (MHz) | MHz) | (Vis) | (maA) V) AMP)

HFA1106 |HFA1105 with Compensation 0.02 0.05 100 315 700 60 45-55 5.9

Pin for Bandwidth Limiting
HA-2842 | Ay >2, Cable Driver 002 | 003 | »10 80 400 100 6-17 142
HA-5020 |Ay > 1, Output Disable, CFB 002 | 003 5 100 | 1100 32 45-18 75

(Current Feedback)
HFA1100 Ay 21,CFB 0.03 0.05 75 850 2300 60 45-55 21.0
HFA1120  |HFA1100 with Offset Adjust 003 | 005 75 850 | 2300 60 45-55 | 210
HFA1130 | Ay > 1, CFB, Programmable 003 | 005 75 850 | 2300 60 45-55 | 210

Output Limiting
HA-2544  |Ay21 003 | 003 5 50 150 35 8-17 10.0
HA-2841  |Ay 21, Lowlce 003 | 003 | »t0 50 240 30 6-17 10.0
DUAL OP AMPS
HFA1245 |Ay 21, Low Icg, CFB, 002 | 003 50 530 | 1050 60 45-55 5.9

Output Disable

-
HFA1205 |Ay =1, Low Igc, CFB 003 | 003 | >50 | 400 | 1275 60 45-55 5.9 2
HA5022  |Ay>1,CFB, Output Disable | 0.03 | 0.03 20 125 | a75 20 45-18 7.5 IC__> u
HA5023 |Ay21,CFB 003 | 003 20 125 | 475 20 45-18 7.5 23
TRIPLE OP AMPS o=
o

HA5013 |Ay>1,CFB [ 003 | 003 | 20 | 125 | ars | 20 | a5-18 | 75
QUAD OP AMPS
HFA1405 |Ay>1, Low Icc, CFB 003 | 003 | TBD | 400 [ >t000 60 45-55 5.9
HA5024  |Ay=>1,CFB, Output Disable | 0.03 | 0.03 20 125 | 475 20 45-18 7.5
HA5025 |Ay=>1,CFB 003 | o0.03 20 125 | a75 20 45-18 7.5
HA-2444 Ay 2 1, 4-Channel, Mux'd Output 0.03 0.03 10 50 160 25 85-17 5.0

NOTES:
1. Single Supply Range.

LOW NOISE: Min/Max Limits at 25°C, Unless Otherwise Specified

NOISE NOISE S SLEW
VOLTAGE CURRENT GBWP RATE MINIMUM OFFSET BIAS SUPPLY
1kHz (TYP) | 1kHz (TYP) (TYP) (TYP) STABLE | VOLTAGE | CURRENT | CURRENT
DEVICE | (nVWHz) (pPANHZ) (MHz) (Vius) GAIN (mv) (nA) (mAJ/OP AMP)
SINGLE OP AMPS '
HA-5127A 3.0 0.4 8.5 10 1 0.025 40 : 4.0
HA-5137A 3.0 0.4 63 20 5 0.025 40 4.0
HA-5147A 3.0 0.4 120 35 10 0.025 40 4.0
HA-5101 3.0 0.6 10 10 1 3.0 200 6.0
HA-5111 3.0 0.6 100 50 10 3.0 200 - 6.0
HA-5221 3.4 0.97 100 35 1 0.75 80 11.0
HA-5020 4.5 2.5 100 1100 1 8.0 8000 10.0
(Note 1) (Note 1)

NOTE: Bold type designates a new product from Harris.
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Selection Guide

LOW NOISE: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued)

1. +Input. These are current feedback amplifiers, so value for -Input will be larger.
2. Product features an external compensation pin to limit bandwidth for additional noise reduction or to allow unity gain operation.

NOISE NOISE SLEW
VOLTAGE CURRENT GBWP RATE MINIMUM OFFSET BIAS SUPPLY
1kHz (TYP) | 1kHz (TYP) (TYP) (TYP) STABLE VOLTAGE | CURRENT CURRENT
DEVICE (nVAHz) (pANHZ) (MHz) (Vius) GAIN (mV) (nA) (mA/OP AMP)

HFA1105 3.5 25 350 1000 1 5.0 15000 6.1
(Note 1)

HFA1106 3.5 25 315 700 1 5.0 15000 6.1
(Note 1) (Note 2)

HFA1135 3.5 25 350 1200 1 5.0 15000 6.1
(Note 1)

HFA1145 3.5 2.5 350 1000 1 5.0 15000 7.1
(Note 1)

HA-5190 6.0 5.0 150 200 5 5.0 15000 28.0

HA-2839 6.0 6.0 600 625 10 2.0 14500 15.0

HA-2840 6.0 6.0 600 625 10 2.0 14500 15.0

HA-2539 6.0 6.0 600 600 10 10.0 20000 25.0

HA-2540 6.0 6.0 400 400 10 10.0 20000 25.0

HA-5170 10.0 0.01 8.0 8.0 1 0.3 0.1 2.5

HA-2542 10.0 3.0 70 350 2 10.0 35000 34.5

(Note 2)

HA-2541 10.0 4.0 40 250 1 2.0 35000 40.0

DUAL OP AMPS

HA-5222 3.4 0.97 100 35 1 0.75 80 11.0

HFA1205 3.5 2.5 400 1275 1 5.0 15000 6.1
(Note 1)

HFA1 245 3.5 2.5 530 1050 1 5.0 15000 6.1
(Note 1)

HA-5102 4.3 0.57 8.0 3.0 1 2.0 200 25

HA-5112 4.3 0.57 60 20 10 2.0 200 25

HA5022 4.5 25 125 475 1 3.0 8000 10.0
(Note 1) (Note 1)

HA5023 4.5 25 125 475 1 3.0 8000 10.0
(Note 1) (Note 1)

QUAD OP AMPS

HFA1405 3.5 25 400 >1000 1 5.0 15000 6.1

. (Note 1)

HA-5104 4.3 0.57 8.0 3.0 1 25 200 1.63

HA-5114 4.3 0.57 60 20 10 25 200 1.63

HA5024 4.5 2.5 125 475 1 3.0 8000 10.0
(Note 1) (Note 1)

HA5025 45 25 125 475 1 3.0 8000 10.0
(Note 1) (Note 1)

HA-5134 7.0 1.0 4.0 1.0 1 0.2 50 2.0

NOTES:

NOTE: Bold type designates a new product from Harris.
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Selection Guide

GENERAL PURPOSE: Typical Values at 25°C, Unless Otherwise Specified

SUPPLY SUPPLY
MINIMUM SLEW OFFSET BIAS VOLTAGE | CURRENT
STABLE GBWP RATE | VOLTAGE | CURRENT | RANGE (mA/OP
DEVICE DESCRIPTION GAIN (MHz) (V/us) (mv) (nA) V) AMP)
SINGLE OP AMPS
HA-2544 Ultra-Stable, High Performance 1 50 150 6.0 7.00 8-17.5 10.0
CA3100 Wideband Amplifier 1 38 70 1.0 0.7 7-18 8.5
CA3130A | BiMOS, CMOS Output, Output 1 15 30 2.0 5.0pA 2.5-8 2.0
Strobe
HA-2500 Wideband, High Slew Rate, 1 12 30 2.0 0.1 10-20 4.0
High Input Impedance
HA-2510 Wideband, High Slew Rate, 1 12 60 4.0 0.1 10-20 4.0
High Input Impedance
HA-2600 Wideband, Compensated, High 1 12 7 05 0.001 4-22.5 3.0
Input Impedance
HA-5101 Low Noise, High Performance 1 10 10 0.5 0.1 3-20 4.0
HA-5127A | Low Noise, Precision, 1 8.5 10 0.01 0.01 5-22 3.5
Compensated
HA-5170 JFET Input, Precision 1 8 8 0.1 20pA 5-22 1.9
CA3140A | BiIMOS, Output Strobe Capability 1 4.5 9 2.0 10.0pA 2-18 4.0
HA-2640 High Voltage, Compensated 1 4 5 2.0 0.01 10-50 3.2
CA3160A | BIMOS, CMOS Output, Output 1 4 10 2.0 5.0pA 25-8 2.0
Strobe
CA3080 Operational Transconductance 1 2 75 0.4 2.0 2-18 1.0
Amp
CA741 Low Cost, Mil/Com Temp 1 1 05 1.0 0.08 5-22 1.7
LM741 Low Cost, Mil/Com Temp 1 1 0.5 1.0 0.08 5-22 1.7
HA-2520 Uncompensated 3 20 120 5.0 0.125 10-20 4.0
(Note 1)
HA-5137A | Low Noise, Precision 5 80 20 0.01 0.01 5-22 35
HA-2620 Wideband, Uncompensated, 5 100 35 0.5 0.001 4-22.5 3.0
High Input Impedance (Note 1)
HA-5195 Wideband, Fast Settling 5 150 200 3.0 5.0 12-175 19.0
HA-5147A | Low Noise, Precision, 10 140 35 0.01 0.01 5-22 35
Wideband
HA-5111 Low Noise, High Performance, 10 100 50 0.5 0.1 3-20 4.0
Uncompensated (Note 1)
DUAL
CA3280A | Operational Transconductance 1 9 125 0.25 1.8 2-18 2.0
Amp
HA-5102 Low Noise, High Performance 1 8 3 0.5 0.13 3-20 1.5
CA3240A | BiIMOS, High Input Impedance 1 45 9 2.0 10.0pA 2-18 4.0
CA3260A | BiIMOS, CMOS Output, High 1 4 10 20 5.0pA 2-8 0.6
Input Impedance
CA5260A | Mil Temp Version of CA3260A 1 3 5 2.0 5.0pA 2.25-8 0.6
CA158A Wide Supply Range, Mil Temp 1 1 0.25 1.0 0.02 1.5-16 0.75
CA1558 Low Cost, Mil Temp Range 1 1 0.5 1.0 0.08 5-22 1.7

NOTE: Bold type designates a new product from Harris.
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' Selection Guide

GENERAL PURPOSE: Typical Values at 25°C, Unless Otherwise Specifﬂed (Continued)

SUPPLY | SUPPLY
MINIMUM SLEW OFFSET BIAS VOLTAGE | CURRENT
STABLE | GBWP RATE | VOLTAGE | CURRENT | RANGE (mA/OP
DEVICE DESCRIPTION GAIN (MHz) (V/us) (mV) (uA) V) AMP)
LM358 Wide Supply Range, Low Cost 1 1 0.5 2.0 0.05 15-16 0.7
LM1458 Low Cost 1 1 0.5 2.0 0.08 5-18 1.7
LM2904 Wide Supply Range, Ind. Temp 1 1 0.5 2.0 0.05 1.5-13 0.7
HA-5112 Low Noise, High Performance, 10 60 20 0.5 0.13 3-20 15
Uncompensated
QUAD
CA5470 High Input Impedance, Wide 1 14 5 5.0 1.0pA 1.5-8 2.5
Supply Range, Mil Temp
HA-5104 Low Noise, High Performance 1 8 3 0.5 0.13 3-20 1.25
CA124 Wide Supply Range, Mil Temp 1 1 0.5 2.0 0.045 2.5-16 0.2
HA-4741 Quad 741, Wide Supply 1 35 1.6 05 0.06 2-20 45
HA-5114 Low Noise, High Performance, 10 60 20 05 0.13 3-20 1.25
Uncompensated
LM2902 Low Cost, Ind. Temp 1 1 05 20 0.04 25-16 0.2
LM324 Low Cost 1 1 0.5 2.0 0.05 25-16 0.2
NOTE:
1. Can be compensated to unity gain.
PRECISION: Min/Max Limits at 25°C, Unless Otherwise Specified
Vio SLEW SUPPLY
OFFSET DRIFT BIAS OFFSET ' GBWP RATE CURRENT
VOLTAGE (TYP) | CURRENT | CURRENT | CMRR PSRR (TYP) (TYP) AyoL (mA/OP
DEVICE (mV) (nv/ec) (nA) (nA) (dB) (dB) (MHz) (V/us) (dB) AMP)
SINGLE OP AMPS
ICL7650S 0.005 0.02 0.01 0.02 120 120 2.0 25 135 3.0
HA-5127A 0.025 0.20 40.0 35.0 114 108 8.5 10.0 120 4.0
HA-5130 0.025 0.40 2.0 2.0 110 100 25 0.8 120 1.7
HA-5137A 0.025 0.20 40.0 35.0 114 108 63.0 20.0 120 4.0
HA-5147A 0.025 0.20 40.0 35.0 114 108 120.0 35.0 120 4.0
HA-5135 0.075 0.40 4.0 4.0 106 94 25 0.8 120 1.7
HA-5137 0.100 0.40 80.0 75.0 100 96 63.0 20.0 117 4.0
HA-5147 0.100 0.40 80.0 75.0 100 96 120.0 35.0 117 4.0
HA-5170 0.300 20 0.1 0.03 85 85 8.0 8.0 109 25
HA-5221 0.750 0.5 80.0 50.0 86 86 100.0 35.0 106 11.0
DUAL OP AMPS
HA-5222 0.75 0.5 80 50 86 86 100.0 35.0 106 11.0
CA158A 2.0 7.0 50 10 70 65 1.0 0.5 94 1.5
HA-5102 2.0 3.0 200 75 86 86 8.0 3.0 100 25
HA-5112 2.0 3.0 200 75 86 86 60.0 20.0 100 2.5
ICL7621A 2.0 10.0 0.05 0.03 76 80 0.5 0.16 86 0.25

NOTE: Bold type designates a new product from Harris.
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Selection Guide

PRECISION: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued)

Vio SLEW SUPPLY
OFFSET DRIFT BIAS OFFSET GBWP RATE CURRENT
VOLTAGE | (TYP) | CURRENT [ CURRENT | CMRR | PSRR | (TYP) | avpP) | AvoL | (masoP
DEVICE (mv) (LV/°C) (nA) (nA) (dB) @) | MHz) | (vme) | @B) AMP)
CA3280A 0.5 3.0 5000 700 94 94 9.0 125.0 94 24
CA258A 3.0 7.0 80 15 70 65 1.0 0.5 94 15
CA358A 3.0 7.0 100 30 65 65 1.0 05 88 1.5
HA-5142 6.0 3.0 100.0 10.0 77 77 0.4 15 86 0.15
QUAD OP AMPS
HA-5134 0.2 0.3 50.0 50.0 100 100 4.0 1.0 118 2.0
HA-5114 25 3.0 200.0 75.0 86 86 60.0 20.0 100 1.63
HA-5104 25 3.0 200.0 75.0 86 86 8.0 3.0 100 1.63
CA124 5.0 7.0 150.0 30.0 70 65 1.0 0.5 94 0.5
HA-5144 6.0 3.0 100.0 10.0 77 77 0.4 15 86 0.15
CA224 7.0 7.0 250.0 50.0 65 65 1.0 0.5 88 0.5
CA324 7.0 7.0 250.0 50.0 65 65 1.0 0.5 86 0.5
CA2902 7.0 7.0 250.0 50.0 65 65 1.0 0.5 86 0.3
LOW BIAS CURRENT: Min/Max Limits at 25°C, Unless Otherwise Specified
SLEW SUPPLY
BIAS OFFSET OFFSET CM RANGE AT GBWP | RATE CURRENT
CURRENT | CURRENT | VOLTAGE NOMINAL SUPPLIES |AyorL| (TYP) | (TYP) [CMRR| PSRR| (mA/OP
DEVICE (nA) (nA) (mV) W) @B) | MHz) | (vius) | @B) | (@B) | AMP)
SINGLE OP AMPS
CA5420A 0.001 0.0005 5.0 -0to +3.7 at +5, -0 85 0.5 0.5 75 75 0.5
CA5420 0.002 0.001 10.0 -0to +3.7 at +5, -0 85 0.5 0.5 70 70 0.5
ICL7650S8 0.01 0.02 0.005 -5to+3.5at+5,-5 135 2.0 25 120 120 3.0
CA3130A 0.03 0.02 5.0 -0 to +10.0 at +15, -9 94 15.0 30.0 80 76 15.0
HA-5160 0.05 0.01 3.0 -10.0 to +10.0 at +15, -15 98 100.0 120 74 74 10.0
HA-5170 0.10 0.03 0.3 -10.0 to +10.0 at +15,-15 | 110 8.0 8.0 90 90 25
DUAL OP AMPS
CA5260 0.015 0.01 15.0 -0 to +2.5 at 45, -0 80 3.0 5.0 70 70 1.0
CA5260A 0.015 0.01 4.0 -0to+2.5at +5, -0 83 3.0 5.0 80 75 1.0
CA3260A 0.03 0.02 5.0 -0to +10.0 at +15, -0 94 4.0 10.0 80 76 15
CA3240A 0.04 0.02 5.0 -15to +12.0 at +15, -15 86 4.5 9.0 70 76 6.0
CA3240 0.05 0.03 15.0 -15to +11.0 at +15, -15 86 45 9.0 70 76 6.0
CA3260 0.05 0.03 15.0 -0to +10.0 at +15, -0 94 4.0 10.0 70 70 15
ICL7621A 0.05 0.03 2.0 -42to +4.2 at +5, -5 86 0.5 0.16 76 80 0.25
CA158A 50.0 10.0 2.0 -15to +13.5 at +15, -15 94 1.0 0.5 70 65 15
QUAD OP AMPS
CA5470 0.05 0.05 25.0 -0 to +3.5 at +5, -0 80 14.0 5.0 55 60 3.0
ICL7641 0.05 0.03 10.0 -3.7 to +3.7 at 45, -5 76 14 1.6 60 70 25
ICL7642 0.05 0.03 10.0 -4.4to0+4.4 at +5, -5 80 0.04 0.02 70 80 0.03
HA-5134 50.0 50.0 0.2 -10to +10 at +15, -15 118 4.0 1.0 100 100 2.0

NOTE: Bold type designates a new product from Harris.

3-13

OPERATIONAL

AMPLIFIERS



Selection Guide

5V SINGLE-SUPPLY: Min/Max Limits at 25°C, Unless Otherwise Specified

OUTPUT
SHORT
CIRCUIT
CURRENT
SUPPLY GAIN MINIMUM | (TYP) (mA)
CURRENT INPUT DOES INPUT BANDWIDTH SLEW SINGLE | SOURCE =+
(TYP) OFFSET INPUT | RAIL-TO-| BIAS PRODUCT RATE SUPPLY SINK = -
(mA/OP | VOLTAGE | INCLUDE RAIL | CURRENT (TYP) (TYP) VOLTAGE | SUPPLY AT
DEVICE AMP) (mV) GROUND? [OUTPUT?, (nA) (MHz) (Vius) ) 5V, 0V
SINGLE OP AMPS
ICL7612A 0.01 Yes Yes 0.05 0.04 0.016 2.0 +12.5,-0.8
ICL7611A 0.01 ° No Yes 0.05 0.04 0.016 2.0 +12.5,-0.8
ICL7612D 0.01 15 Yes Yes 0.05 0.04 0.016 2.0 +12.5,-0.8
ICL7611D 0.01 15 No Yes 0.05 0.04 0.016 2.0 +12.5,-0.8
CA3078A 0.025 35 No No 12 1.5 0.5 15 +12.0, -12.0
(Note 1)
CA3078 0.13 45 No No 170 8 1.5 15 +12.0, -12.0
(Note 1)
CA3130A 0.30 5 Yes Yes 0.03 15 10 5.0 +3.2,-2.2
(Note 1)
CA3130 0.30 15 Yes Yes 0.05 15 10 5.0 +3.2,-2.2
(Note 1)
CA3160A 0.30 5 Yes Yes 0.03 4 10 5.0 +3.2,-2.2
(Note 1)
CA3160 0.30 15 Yes Yes 0.05 4 10 5.0 +3.2,-2.2
(Note 1)
CA5420A 0.40 5 Yes Yes 0.001 0.5 0.5 2.0 +2.6,-2.4
CA5420 0.40 10 Yes Yes 0.002 0.5 0.5 2.0 +2.6,-2.4
CA3140A 1.60 5 Yes No 0.04 3.7 9 4.0 +10.0, -1.0
(Note 1)
CA3140 1.60 15 Yes No 0.05 3.7 9 4.0 +10.0, -1.0
(Note 1)
HFA1100 5.5 6.0 No No 40000 300 500 4.5 -
DUAL OP AMPS
HA-5142 0.05 6 Yes No 100 0.4 1.5 3.0 +4.5,-4.5
ICL7621A 0.10 2 No Yes 0.05 0.5 0.16 2.0 +12.5,-0.4
(Note 1)
ICL7621D 0.10 15 No Yes 0.05 0.5 0.16 2.0 +12.5, -0.4
(Note 1)
CA158A 0.35 3 Yes No 100 1 0.5 3.0 +40, -20
CA358 0.35 7 Yes No 250 1 0.5 3.0 +40, -20
CA3260A 0.60 5 Yes Yes 0.03 4 10 4.0 +3.2,-2.2
(Note 1)
CA3260 0.60 15 Yes Yes 0.05 4 10 4.0 +3.2,-2.2
(Note 1)
CA5260A 0.80 4 Yes Yes 0.015 5 4.5 +2.2,-2.0
CA5260 0.80 15 Yes Yes 0.015 5 45 +2.2,-2.0

NOTE: Bold type designates a new product from Harris.
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Selection Guide

5V SINGLE-SUPPLY: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued)
OUTPUT
SHORT
CIRCUIT
CURRENT
SUPPLY GAIN MINIMUM | (TYP) (mA)
CURRENT INPUT DOES INPUT BANDWIDTH SLEW SINGLE | SOURCE = +
(TYP) OFFSET INPUT | RAIL-TO-| BIAS PRODUCT RATE SUPPLY SINK = -
(mA/OP | VOLTAGE | INCLUDE RAIL | CURRENT (TYP) (TYP) VOLTAGE | SUPPLY AT
DEVICE AMP) (mvV) GROUND? |OUTPUT? (nA) (MHz) (V/us) V) 5V, 0V
CA3240A 2.00 5 Yes No 0.04 3.7 9 5.0 +20.0,-1.0
(Note 1)
CA3240 2.00 15 Yes No 0.05 3.7 9 5.0 +20.0, -1.0
(Note 1)
QUAD OP AMPS
ICL7642C 0.01 10 No Yes 0.05 0.044 0.016 2.0 +10.0, -0.05
ICL7642E 0.01 20 No Yes 0.05 0.044 0.016 2.0 +12.5, -0.05
HA-5144 0.05 6 Yes No 100 0.4 15 3.0 +4.5,-4.5
CA324 0.20 7 Yes No 250 1 0.5 5.0 +40, -20
CA124 0.20 5 Yes No 150 1 0.5 5.0 +40, -20
-
ICL7641C 1.00 10 No Yes 0.05 1.4 1.6 5.0 +12.5,-0.8 <zt %
(Note 1) ouw
ICL7641E 1.00 20 No Yes 0.05 1.4 1.6 5.0 +12.5,-0.8 E I':,"
(Note 1) c o
w =
CA5470 1.50 22 Yes No 0.05 14 5 3.0 +5.5,-1.2 % <
NOTES:
1. Limits are for single 5V operation if data is available in datasheet.
2. Supply Current for single 5V supply, if specified in datasheet.
LOW POWER: Min/Max Limits at 25°C, Unless Otherwise Specified (Note 1)
OUTPUT
SHORT
CIRCUIT
CURRENT
SUPPLY | SUPPLY |SLEW CM RANGE AT OUTPUT | (TYP)(mA)
CURRENT | VOLTAGE | RATE | GBWP NOMINAL VOLTAGE | SOURCE = | OFFSET BIAS
(mA/OP | RANGE | (TYP)| (TYP) SUPPLY SWING + VOLTAGE | CURRENT | PSRR
DEVICE AMP) V) (Vius) | (MHz) ) ) SINK =- (mV) (nA) (dB)
SINGLE OP AMPS
CA3078A 0.02 0.75-18 | 05 1.5 -5to +5 at +6, -6 +5.1 +12.0 35 12.0 70
ICL7611A 0.02 1.0-9.0 | 0.02 | 0.044 | -4.4t0 +4.4at +5,-5 +4.9 +25.0,-7.0 2.0 0.05 80
ICL7612A 0.02 1.0-9.0 | 0.02 | 0.044 | -5.3t0 +5.3 at +5,-5 +4.9 +25.0,-7.0 20 - 0.05 80
CA3078 0.13 075-70 | 15 8.0 -5to +5 at +6, -6 +5.1 +12.0 45 170.0 70
CA5420A 0.55 1.0-11.0 | 05 0.5 -0to+3.7at+5,-0 |+4.9,+0.15| +2.6,-2.4 5.0 0.005 70
DUAL OP AMPS .
HA-5142 0.15 15-175 | 15 0.4 -0to+3.0at+5,-0 | +3.8,+1.0 | +4.5,-45 6.0 100 77
ICL7621A 0.25 1.0-9.0 0.16 0.5 -42to+4.2at+5,-5 +4.9 +15.0,-0.9 2.0 0.05 80
CA158A 1.5 15-16.0 | 0.5 1.0 |-15to+13.5at+15,-15|+13.5, -15.0] +40.0,-20 20 50.0 65
CA258A 1.5 1.5-16.0 | 0.5 1.0 |-15to+13.5at+15,-15|+13.5,-15.0] +40.0, -20 3.0 80.0 65

NOTE: Bold type designates a new product from Harris.
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LOW POWER: Min/Max Limits at 25°C, Unless Otherwise Specified (Note 1) (Continued)

1. See “CM Range” column for the Nominal Supply Voltage at which these specifications apply.

OUTPUT
SHORT
CIRCUIT
CURRENT
SUPPLY | SUPPLY |SLEW CM RANGE AT OUTPUT | (TYP) (mA)
CURRENT | VOLTAGE | RATE | GBWP NOMINAL VOLTAGE | SOURCE = | OFFSET BIAS
(mA/OP | RANGE | (TYP)| (TYP) SUPPLY SWING + VOLTAGE | CURRENT | PSRR
DEVICE | AMP) @) | (Vius)| (MHz) v) V) SINK = - (mv) (nA) (dB)
CA2904 1.5 15-130 | 05 1.0 |-15to+13.5at+15,-15|+13.5, -15.0] +40.0, -20 7.0 250.0 50
CA258 1.5 1.5-16.0 0.5 1.0 |-15to+13.5at+15,-15|+13.5,-15.0] +40.0, -20 5.0 150.0 65
CA358 15 1.5-16.0 0.5 1.0 |-15to+13.5at+15,-15|+13.5,-15.0| +40.0, -20 7.0 250.0 65
CA158 1.5 15-16.0 | 0.5 1.0 |-15to+13.5at+15,-15[+13.5, -15.0] +40.0, -20 5.0 150.0 65
CA358A 15 1.5-16.0 0.5 1.0 |-15to+13.5at+15,-15}+13.5, -15.0| +40.0, -20 3.0 100.0 65
CA3260A 1.5 2.0-8.0 10 4 -0to+10 at +15, -0 +14.99, +22.0, -20 5.0 0.03 77
+0.01

CA5260A 2.0 2.25-8.0 5.0 3.0 -Oto+25at+5,-0 [+4.99, +0.01| +2.2,-2.0 5.0 0.030 76
QUAD OP AMPS
ICL7642 0.02 1.0-9.0 | 0.02 0.04 -4.4t0+4.4at+5,-5 +4.5 +10, -0.08 10.0 0.05 80
HA-5144 0.15 15-17.5 15 0.4 -0to +3 at +5, -0 +3.8,+1.0 | +4.5,-45 6.0 100.0 77
CA124 0.5 2.5-16.0 0.5 1.0 |-15to+13.5at+15,-15} +13.5,-15 | +40.0, -20 5.0 150.0 65
CA224 0.5 2.5-16.0 0.5 1.0 |-15to+13.5at+15,-15] +13.5,-15 | +40.0, -20 7.0 250.0 65
CA324 0.5 2.5-16.0 0.5 1.0 |-15to+13.5at+15,-15] +13.5,-15 | +40.0, -20 7.0 250.0 65
ICL7641 2.5 1.5-9.0 1.6 1.4 -3.7t0 +3.7 at +5, -5 +4.5 +25, -7.0 10.0 0.05 80
NOTE:

NOTE: Bold type designates a new product from Harris.
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CA124, CA224, CA324,

LM324, LM2902

Quad, 1MHz, Operational Amplifiers for

Commercial, Industrial, and Military Applications

Features

Unity-Gain Bandwidth
DC Voltage Gain.....

Input Bias Current. ..

¢ Operation from Single or Dual Supplies

----------------- 1MHz(TYp)  single monolithic substrate. An on-chip capacitor in each of
________________ 100dB (Typ) the amplifiers provides frequency compensation for unity

----------------- 45nA(Typ)  either single or dual supplies, and the differential voltage

INput Offset VORAge . . . ..o oevveennnn.. 2mV (Typ) range is .equal to the power-supply voltage. Low power drain
and an input common-mode voltage range from OV to V+
_Input Offset Current -1.5V (single-supply operation) make these devices suitable
- CA224,CA324,LM324,LM2902............. 5nA (Typ) for battery operation. :
= CA124 .. ... ... 3nA(Typ)

Description

The CA124, CA224, CA324, LM324, and LM2902 consist of
four independent, high-gain operational amplifiers on a

gain. These devices are designed specially to operate from

Ordering Information

¢ Replacement for Industry Types 124, 224, 324 PART
L NUMBER TEMP. PKG.
Applications (BRAND) | RANGE (°C) PACKAGE NO.
« Summing Amplifiers CAO0124E 5510 125 |14 Ld PDIP E14.3
« Multivibrators CA0124M 5510 125 |14 Ld SOIC M14.15
(124)
* Oscillators CA0124M96 | 5510 125 |14 Ld SOIC Tape and Reel | M14.15
+ Transducer Amplifiers (124)
« DC Gain Blocks CA0224E -40t085 |14 Ld PDIP E14.3
CA0224M -40t085 |14 Ld SOIC M14.15
(224)
Pinout CA0224M96 | -40t085 |14 Ld SOIC Tape and Reel [ M14.15
(224)
CA124, CA224, CA324, LM2902 (PDIP, SOIC)
LM324 (PDIP) CA0324E 0to70 |14 LdPDIP E14.3
TOP VIEW CA0324M 0to70 [14Ld SOIC M14.15
W, (324)
OUTPUT 1 E E OUTPUT 4 CAD324M96 | 0to70 |14 Ld SOIC Tape and Reel | M14.15
324
NEG. [ A 5] NEG. (324)
INPUT 1 INPUT 4 LM324N 0t070 |14 Ld PDIP E14.3
POS. POS. -
NPOT E 2] Pos. LM2902N 401085 |14 Ld PDIP E14.3
LM2902M -40 1085 |14 Ld SOIC M14.15
v+ [4] [11] v- (2902)
POS. 7 E POS. LM2902M96 | -40 1085 |14 Ld SOIC Tape and Reel | M14.15
INPUT 2 INPUT 3 (2902)
NEG. E ] NEG.
INPUT 2 INPUT 3
outeut2 7] (5] outpurs
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 796.3

Copyright © Harris Corporation 1996
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CA124, CA224, CA324, LM324, LM2902

Absolute Maximum Ratings

SupplyVoltage . . ... 32V or +16V
Differential Input Voltage. . . .......... ... ool 32V
InputVoltage. . ........coiiiiiiiii i -0.3V to 32V
Input Current (V; <-0.3V,Note 1)....................... 50mA
Output Short Circuit Duration (V+ < 15V, Note 2). . . ... Continuous

Operating Conditions

Temperature Range

-55°C to 125°C
CA224,LM2902 .. ...t -40°C to 85°C
CAB24,LM324 ... ... 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 3) 04 (°C/W)
PDIPPackage ............coovviinnninnan. 100
SOICPackage........ ..., 175

Maximum Junction Temperature (Die) .................. 175°C

Maximum Junction Temperature (Plastic Package) ........ 150°C

Maximum Storage Temperature Range ......... -65°C to 150°C

Maximum 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

NOTES:

1. Thisinput current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base junction of
the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral
n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level
(or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action is not destructive and normat output
states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V.

2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc-

tion of the device.

3. 6, is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,

Unless Otherwise Specified

CA124 CA224, CA324, LM324 LM2902
TEST TEMP.

PARAMETER CONDITIONS (°c) | MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX JUNITS
Input Offset 25 - 2 5 - 2 7 - - - mV
Voltage (Note 6)

Full - - 7 - - 9 - - 10 mV

Average Input Rg = 0Q Full - 7 - - 7 - - 7 - wv/ee
Offset Voltage
Drift
Differential Input Full - - V+ - - V+ - - V+ \Y
Voltage (Note 5)
Input Common | V+ =30V 25 0 - V+-1.5 0 - V+-1.5 - - - \"
Mode Voltage
Range (Note 5) | V+=30V Full 0 - V+ -2 0 - V+-2 - - -

V+ =26V Full - - - - - - 0 - V4 -2 \Y
Common Mode |DC 25 70 85 - 65 70 - - - - dB
Rejection Ratio
Power Supply DC 25 65 100 - 65 100 - - oo - dB
Rejection Ratio
Input Bias I+ or I 25 - 45 150 - 45 250 - - - nA
Current (Note 4)

I+ orl- Full - - 300 - - 500 - 40 500 nA
Input Offset I+ - - 25 - 3 30 - 5 50 - - - nA
Current

I+ - Iy Full - - 100 - - 150 - 45 200 nA
Average Input Full - 10 - - 10 - - 10 - pA/°C
Offset Current
Drift
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CA124, CA224, CA324, LM324, LM2902

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,

Unless Otherwise Specified (Continued)

CA124 CA224, CA324, LM324 LM2902
TEST TEMP.

PARAMETER CONDITIONS (°C) | MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX JUNITS
Large Signal Ry 22kQ, V+ =15V 25 94 100 - 88 100 - - - - dB
Voltage Gain (For Large Vg Swing)

R_ 2 2kQ, V+ = 15V Full 88 - 83 - - 83 - - dB
(For Large Vo Swing)
Output R =2kQ 25 0 V+-1.5 o] - V+-1.5 - - - "
Voltage
Swing High |R_=2kQ, V+=30V Full 26 - - 26 - - - - - )
Level
RL = 2kQ, V+ =26V Fult - - - - - - 22 - - \
RL=10kQ, V+ =30V | Full 27 28 - 27 28 - 23 28 - \Y
Low RL = 10kQ Full - 5 20 - 5 20 - 5 100 mV
Level
Output  Source |Vi+ = +1V, V|- =0V, 25 20 40 - 20 40 - - - - mA
Current V+ =15V
Vi+=1V,V|-=0, Full 10 20 - 10 20 - 10 20 - mA
V+ =15V
Sink  |Vi#=0V,V]-=1V, 25 10 20 - 10 20 - - - - mA
V+ =15V
Vi+ =0V, V|-=1V, 25 12 50 - 12 50 - - - - RA
Vo = 200mV
Vi-=1V,Vi+ =0, Full 5 8 - 5 8 - 5 8 - mA
V+ =15V
Crosstalk f=11to 20kHz 25 - -120 - - -120 - - - - dB
(Input Referred)
Total Supply RL =00 Full - 0.8 2 - 0.8 2 - 0.7 1.2 mA
Current
R =0, V+ =26V Full - - - - - - - 1.5 3 mA
NOTES:

4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the
current is essentially constant, independent of the state of the output.

5. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit

of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.
6. Vo = 1.4V, Rg = 0Q with V+ from 5V to 30V, and over the full input common mode voltage range (0V to V+ - 1.5V).
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CA124, CA224, CA324, LM324, LM2902

Schematic Diagram (One of Four Operational Amplifiers)
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Typical Performance Curves
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CA124, CA224, CA324, LM324, LM2902

Typical Performance Curves (Continued)
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CA158, CA158A, CA258, CA258A,

CA358, CA358A, CA2904,
LM358, LM2904

Dual, 1MHz, Operational Amplifiers for Commercial

June 1996 Industrial, and Military Applications
Features Description
« Internal Frequency Compensation for Unity Gain The CA158, CA158A, CA268, CA258A, CA358, CA358A
« High DC Voltage Gain ................. 100dB (Typ) :and CA2904 types consist of two mdepenfient, high gain,
h X ; X internally frequency compensated operational amplifiers
* Wide Bandwidth at Unity Gain ........... 1MHz(TYP)  which are designed specifically to operate from a single
¢ Wide Power Supply Range: power supply over a wide range of voltages. They may also
- Single SUPPIY ..o ottt 3Vto 30V be operated from split power supplies. The supply current is
- Dual Supplies.................... $1.5Vto+15V basically independent of the supply voltage over the
recommended voltage range.
* LowSupplyCurrent.................. 1.5mA(Typ) . . . o
« Low Inout Bias C t These devices are particularly useful in interface circuits with
ow Input Bias Curren digital systems and can be operated from the single
* Low Input Offset Voltage and Current common 5Vpc power supply. They are also intended for
* Input Common-Mode Voltage Range Includes Ground  transducer amplifiers, DC gain blocks and many other
« Differential Input Voltage Range Equal to V+ Range cgnventlonal op amp cnrcHnts which can benefit from the
single power supply capability.
* Large Output Voltage Swing.......... OVto V+-1.5V
The CA158, CA158A, CA258, CA258A, CA358, CA358A, and
. . CA2904 types are an equivalent to or a replacement for the
Ordering Information industry types 158, 158A, 258, 258A, 358, 358A, and CA2904.
PART TEMP. PKG. | Technical Data on LM Branded types is identical to the
NUMBER | RANGE (°C) PACKAGE No. corresponding CA Branded types.
CAO0158E -55 to 125 | 8 Ld PDIP E8.3
CAO0158AE | -55 to 125 | 8Ld PDIP Es3 | Pinouts
CA0158M -55 to 125 | 8Ld SOIC M8.15 CA158, CA258, CA358 (METAL CAN)
CA0158M96 | -55 to 125 | 8 Ld SOIC Tape and Reel M8.15 TOP VIEW
CA0158T -55 to 125 | 8 Pin Can T8.C NV,
CA0158AT | -55 to 125 | 8 Pin Can T8.C INPUT (A)
CA0258E 25 to 85 | 8Ld PDIP E8.3 I"“OPS-T":X-) youreur @)
CA0258AE -25 t0o 85 |8Ld PDIP E8.3
CA0258M -25 to 85 |8Ld SOIC M8.15 v ve
CA0258M96 | -25 to 85 | 8Ld SOIC Tape and Reel M8.15
CA0258AM -25 to 85 |8Ld SOIC M8.15 NON-INV. OUTPUT (8)
CA0258AM96| -25 to 85 | 8Ld SOIC Tape and Reel M8.15 INPUT (B)
CA0258T -25 to 85 | 8 Pin Can T8.C INV.
CAO258AT | -25 t085 |8 Pin Can T8.C INPUT (B)
CAO358E 0to70 |8LdPDIP E8.3
CAO0358AE 0to70 |8LdPDIP E8.3
CAO358M Oto70 [BLd SOIC M8.15 CA158, CA258, CA358, CA2904 (PDIP, SOIC)
CA0358AM 0t70 |8LdSOIC M8.15 LM358, LM2904 (PDIP)
CA0358M96 0 to 70 | 8Ld SOIC Tape and Reel M8.15 TOP VIEW
CA0358AM96] 0 to 70 |8 Ld SOIC Tape and Reel M8.15
CA0358T 01070 |[8PinCan T8.C ouPuT (A) 1] s a2
CAO0358AT 0 to70 |8 PinCan T8.C
INV. INPUT (A) [ 2] _T_] OUTPUT (B)
CA2904E -40 to 85 |8Ld PDIP E8.3 A j
CA2904M | -40 1085 |8Ld SOIC M8.15 NON-NV. INPUT (4) [3] e NV INPUT (B)
CA2904M96 | -40 to 85 |8Ld SOIC Tape and Reel | M8.15 v-[4] 5] NON-INV. INPUT (8)
LM358N 0to70 |8LdPDIP E8.3
LM2904N 0to70 |8LdPDIP E8.3

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Absolute Maximum Ratings

Supply Voltage
CA2904,LM2904 . ........ ... ... ... 26V or 13V
OtherTypes. ..., 32V or +16V
Differential Input Voltage (All Types). ..................... 32V
InputVoltage. .. ........ ... .. i -0.3Vto V+
Input Current (V; <-0.3V,Note 1).................... ... 50mA
Output Short Circuit Duration (V+ < 15V, Note 2). .. ... Continuous

Operating Conditions
Temperature Range

CA158,CA158A . ..., -55°C to 125°C
CA258,CA258A . ... o\oeieiiii e -25°C to 85°C
CA2904,LM2904 ... ..o, -40°C to 85°C
CA358, CA358A,LM358. ... ..............nn. 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 3) 04 (°C/W) 8,6 (°C/W)
PDIPPackage ................... 130 N/A
SOICPackage.............c.un.. 170 N/A
CanPackage.................... 155 67

Maximum Junction Temperature (Can Package) .......... 175°C

Maximum Junction Temperature (Plastic Package) ........ 150°C

Maximum Storage Temperature Range .......... -65°C to 150°C

Maximum 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.

NOTES:

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

2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc-
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers.

3. 0,4 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,

Unless Otherwise Specified

TEST TEMP CA158A CA258A CA358A

PARAMETER CONDITIONS (°C) | MIN TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX |UNITS
Input Offset 25 - 1 2 - 1 3 - 2 3 mV
Voltage (Note 6) Fall N N p N N P " N 5 y
Average Input Rg =0Q Full - 7 15 - 7 15 - 7 20 |uvrc
Offset Voltage
Drift
Input Common | V+ =30V 25 0 - V+-15 0 - V+-15 0 - V+-1.5
Mode Voltage
Range (Note 5) V+ =30V Full 0 - V+-2 0 - ‘V+ -2 0 - V+ -2
Common Mode |DC 25 70 85 - 70 85 - 65 85 - dB
Rejection Ratio
Power Supply DC 25 65 100 - 65 100 - 65 100 - dB
Rejection Ratio
Input Bias I+ or - 25 - 20 50 - 40 80 - 45 100 nA

Note 4

Current (Note 4) |2 Ful | - 40 | 100 | - 4 | 100 | - 40 | 200 | na
Input Offset I+ - 1)- 25 - 2 10 - 2 15 - 5 30 nA
Ci

urrent [ Fal | - . 30 - - 30 - - 75 | nA
Average Input Full - 10 200 - 10 200 - 10 300 | pA°C
Offset Current
Drift
Large Signal R 22kQ, V+ =15V 25 50 100 - 50 100 - 25 100 - kVV
Voltage Gain (For Large Vg Swing) ]
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,

Unless Otherwise Specified (Continued)

TEST TEMP CA158A CA258A CA358A
PARAMETER CONDITIONS (°c) | MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX |UNITS
Output Voltage | R =2kQ 25 0 - V+-1.5 0 - V+-1.5 0 - V+-1.5 \
Swing
Output  Source | Vi+ = +1V, V|- =0V, 25 20 40 - 20 40 - 20 40 - mA
Current V+ =15V
Sink Vit =0V, V-=1V, 25 10 20 - 10 20 - 10 20 - mA
V+ =15V
Vi+=0V, V=1V, 25 12 50 - 12 50 - 12 50 - HA
Vo = 200mV
Short Circuit RL=0Q 25 - 40 60 - 40 60 - 40 60 mA
Output Current
(Note 2)
Crosstalk f=1to 20kHz 25 - -120 - - -120 - - -120 - dB
(Input Referred)
Total Supply R =0 Full - 0.7 1.2 - 0.7 12 - 0.7 1.2 mA
Ci t
urren R = o, V4 = 30V Ful | - 15 | 3 - 15 | 3 - 15 3 | mA
NOTES:

4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the
current is essentially constant, independent of the state of the output.

5. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.

6. Vo = 1.4V, Rg = 0Q with V+ from 5V to 30V, and over the full input common mode voltage range (0V to V+ - 1.5V).

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,
Unless Otherwise Specified

CA158, CA258

CA358, LM358

CA2904, LM2904

I TEST TEMP
PARAMETER CONDITIONS (°c) | MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX |UNITS
Input Offset 25 - 2 5 - 2 7 - 2 7 mV
Voltage (Note 9)
Full - - 7 - - 9 - - 10 mv
Average Input Rg = 0Q Full - 7 - - 7 - - 7 - pvreC
Offset Voltage .
Drift
Input Common V+ =30V 25 0 - V+-1.5 0 - V+-1.5 0 - V+-1.5
Mode Voltage
Range (Note 8) V+ =30V Full 0 - V+ -2 0 - V+-2 0 - V+ -2
Common Mode |DC 25 70 85 - 65 70 - 50 70 - dB
Rejection Ratio
Power Supply DC 25 65 100 - 65 100 - 50 100 - dB
Rejection Ratio
Input Bias I+ or I 25 - 45 150 - 45 250 - 45 250 nA
Current (Note 7)
I+ or |- . Full - 40 300 - 40 500 - 40 500 nA
Input Offset I+ - - 25 - 3 30 - 5 50 - 5 50 nA
Current
I+ - Iy Full - - 100 - - 150 - 45 200 nA
Average Input Full - 10 - - 10 - - 10 - pA/°C
Offset Current
Drift
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = 0V,
Unless Otherwise Specified (Continued)

CA158, CA258 CA358, LM358 CA2904, LM2904
TEST TEMP
PARAMETER CONDITIONS (°c) | MIN TYP | MAX | MIN TYP | MAX | MIN TYP | MAX |UNITS
Large Signal RL 22kQ, V+ =15V 25 50 100 25 100 - 100 - kV/V
Voltage Gain (For Large Vg Swing)
Output Voltage | R = 2kQ 25 0 - V+-15 0 - V+-15 0 - V+-15| V
Swing
Output  Source [ Vi+ = +1V, V- =0V, 25 20 40 - 20 40 - 20 40 - mA
Current V+ =15V
Sink Vi =0V, V- =1V, 25 10 20 - 10 20 - 10 20 - mA

V+ =15V

Vi+ =0V, V|- =1V, 25 12 50 - 12 50 - - - - A

Vg = 200mV
Short Circuit Ry =0Q 25 - 40 60 - 40 60 - 40 60 mA
Output Current
(Note 2)
Crosstalk f=1to 20kHz 25 - -120 - - -120 - - -120 - dB

(Input Referred)
Total Supply R =co Full - 0.7 1.2 - 0.7 1.2 - 0.7 1.2 mA
Current

R = eo, V4 =30V Full - 15 3 - 1.5 3 - 1.5 3 mA

NOTES:

7. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the
current is essentially constant, independent of the state of the output.

8. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit
of the common' mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.

9. Vo = 1.4V, Rg = 0Q with V+ from 5V to 30V, and over the full input common mode voltage range (0V to V+ - 1.5V).

Schematic Diagram

-O— o

INPUTS

ONE OF TWO OPERATIONAL AMPLIFIERS

V+

lm

Q; Q3

Q

-®

Qs F——K

X

Qg

L
<
> Rsc

‘——'Klou

l 50pA

Qq3

TO 2

—) Vo

3-25

OPERATIONAL
AMPLIFIERS




CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Typical Performance Curves
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Typical Performance Curves (Continued)
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FIGURE 12. OUTPUT SINK CURRENT CHARACTERISTICS
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904

Typical Performance Curves (Continued)

70 T
V+ =15V

60

50
a0 \‘

30

20

OUTPUT SOURCE CURRENT (mA)

10

0
75 50 -25 0 25 S50 75 100 125
TEMPERATURE (°C)

FIGURE 13. OUTPUT CURRENT vs AMBIENT TEMPERATURE

Metallization Mask Layout

69-77
(1.753 - 1.956)

(0.102 - 0.254)
63-71

- |~—24-10 '
(1.600 - 1.803)

Dimensions in parentheses are in millimeters and derived
from the basic inch dimensions as indicated. Grid
graduations are in mils (10" inch).

The photographs and dimensions represent a chip when it
is part of the wafer. When the wafer is cut into chips, the
cleavage angles are 57° instead of 90° with respect to the
face of the chip. Therefore, the isolated chip is actually 7mils
(0.17mm) larger in both dimensions.
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CA741, CA741C, CA1458,
CA1558, LM741, LM741C, LM1458

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

Features

e InputBiasCurrent . .................. 500nA (Max)
e Input OffsetCurrent.................. 200nA (Max)
Applications

¢ Comparator ¢ Multivibrator

¢ DC Amplifier * Summing Amplifier

« Integrator or Differentiator + Narrow Band or Band

Description

The CA1458, CA1558 (dual types); CA741C, CA741 (single
types); high-gain operational amplifiers for use in military,
industrial, and commercial applications.

These monolithic silicon integrated circuit devices provide
output short circuit protection and latch-free operation.
These types also feature wide common mode and
differential mode signal ranges and have low offset voltage
nulling capability when used with an appropriately valued

ilter A : B
. . Pass Filte potentiometer. A 10kQ2 potentiometer is used for offset
Ordering Information nulling types CA741C, CA741 (see Figure 1). Types
PART TEMP. RANGE CA1.458, CA1558 havg no spec.ific termiqals for offget
NUMBER ) PACKAGE PKG. NO. | nulling. Each type consists of a differential input amplifier
CA0741CE 0to 70 8 Ld PDIP E8.3 P Y put
CA1458E 0to 70 8Ld PDIP E83 The manufacturing process make it possible to produce IC
CA1558E 5510125 18 Ld PDIP E8.3 oty:eratitcm.au. am.’;_)':ifieéi . :;ith. IOV\lI. I;urst .‘;Pop:.com’f’ r;oiset
- - characteristics. The gives limit specifications for burs
CAO741T SSt0125 8 an Metal Can_|T8.C noise in the data bulletin, File Number 530. Contact your
CA0741CT 01070 8 Pf" Metal Can | 78.C Sales Representative for information pertinent to other oper-
CA1458T 01070 8 Pin Metal Can |78.C ational amplifier types that meet low burst noise
CA1558T -55to 125, 8 Pin Metal Can |T8.C specifications.
LM741N 5510125 |8LdPDIP E83 Technical Data on LM Branded types is identical to the corre-
LM741CN 0to 70 8 Ld PDIP E8.3 sponding CA Branded types.
LM741H -55to 125 8 Pin Metal Can |T8.C
LM741CH 0to 70 8 Pin Metal Can | T8.C
LM1458N 0to70 8 Ld PDIP E8.3
Pinouts
CA741, CA741C, LM741, LM741C (CAN) CA1458, CA1558 (METAL CAN)
. TOP VIEW TOP VIEW
NC V4
OFFSET OUTPUT OUTPUT
NUL| v+ (A (8)
INV. INV. INPUT INV. INPUT
INPUT out (8)

NON-INV.
INPUT

V-

CA741, CA741C, LM741, LM741C (PDIP)

TOP VIEW
OFFSET NULL [1] - 8] NC
INV.INPUT [2] [7] v+
NON-INV. INPUT [3] 4 6] outpuT
V- 5] OFFSET NULL

NON-INV.
INPUT (B)

CA1458, CA1558, LM1458 (PDIP)
TOP VIEW

outeuT (4) [1]
INV. INPUT (A) [2]
NON-INV. INPUT (A) [3]

v

E V+

7] outpuT (B)

6] INV. INPUT (B)

5] NON-INV. INPUT (B)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1996
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

'Absolute Maximum Ratings

Supply Voltage
CA741C, CA1458, LM741C, LM1458 (Note 1). .. .......... 36V
CA741, CA1558, LM741 (Note 1)...................... 44V
Differential Input Voltage. . ............................. 30V
InputVoltage. .. ......... ... ... il +VsuppLy
Offset Terminal to V- Terminal Voltage (CA741C, CA741) ... +0.5V
Output Short Circuit Duration. ...................... Indefinite

Operating Conditions

Temperature Range
CA741, CA1558,LM741. .. ................. -55°C to 125°C
CA741C, CA1458, LM741C, LM1458 (Note 2). . . .. 0°C to 70°C

Themial Information

Thermal Resistance (Typical, Note 3) 6,4 (°C/W) 8¢ (CC/W)
PDIPPackage ................... 130 N/A
CanPackage.................... 155 67

Maximum Junction Temperature (Can Package) .......... 175°C

Maximum Junction Temperature (Plastic Package) ........ 150°C

Maximum Storage Temperature Range .........
Maximum Lead Temperature (Soldering 10s)............. 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.

NOTES:
1. Values apply for each section of the dual amplifiers.

2. All types in any package style can be operated over the temperature range of -55°C to 125°C, although the published limits for certain
electrical specification apply only over the temperature range of 0°C to 70°C.

3. 0,4 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Typical Values Intended Only for Design Guidance, Vgyppyy = 15V

TYPICAL VALUE
PARAMETER SYMBOL TEST CONDITIONS (ALL TYPES) UNITS
Input Capacitance C 1.4 pF
Offset Voltage Adjustment Range +15 mvV
Output Resistance Ro 75 Q
Output Short Circuit Current 25 mA
Transient Response Unity Gain, V| = 20mV, R = 2kQ,
Rise Time t, Cp < 100pF 0.3 us
Overshoot 0.8. 5.0 %
Slew Rate (Closed Loop) SR R 2 2kQ 0.5 Vius
Electrical Specifications For Equipment Design, Vgyppiy = +15V
(NOTE 4)
(NOTE 4) CA741C, CA1458, LM741C,
CA741, CA1558, LM741 LM1458
TEST TEMP UNIT
PARAMETER CONDITIONS ©°c) MIN TYP MAX MIN TYP MAX S
Input Offset Voltage Rs < 10kQ 25 - 1 5 - 2 6 mV
) Full - 1 6 - - 75 mv
Input Common Mode Voltage ) 25 - - - +12V +13V -
Range
Full +12V +13V - - - -
Common Mode Rejection Ratio Rg < 10kQ 25 - - - 70 90 - dB
Full 70 90 - - - - dB
Power Supply Rejection Ratio Rg < 10kQ 25 - - - - 30 150 nVN
Full - 30 150 - - - uwnv
Input Resistance 25 0.3 2 - 0.3 2 - MQ
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

Electrical Specifications For Equipment Design, Vgyppy = 15V (Continued)

(NOTE 4)
(NOTE 4) CA741C, CA1458, LM741C,
TEST TEMP CA741, CA1558, LM741 LM1458 UNIT
PARAMETER CONDITIONS (°c) MIN TYP MAX MIN TYP MAX S
Input Bias Current 25 - 80 500 - 80 500 nA
Full - - - - - 800 nA
-85 - 300 1500 - - - nA
125 - 30 500 - - - nA
Input Offset Current 25 - 20 200 - 20 200 nA
Full - - - - - 300 nA
-55 - 85 500 - - - nA
125 - 7 200 - - - nA
Large Signal Voltage Gain Ry 2 2kQ, Vo =+10V 25 50,000 | 200,000 - 20,000 | 200,000 - VN
Full | 25,000 - - 15,000 - - VIV
Output Voltage Swing R 2 10kQ 25 - - - +12V +14V - \
Full +2v +14V - - - -
RL = 2kQ 25 - - - +10V +13V - v
Full +10V +13V - +10V +13V -
Supply Current 25 - 1.7 2.8 - 1.7 28 mA
-55 - 2 3.3 - - - mA
125 - 1.5 25 - - - mA
Device Power Dissipation 25 B 50 85 - 50 85 mwW
-55 - 60 100 - - - mwW
125 - 45 75 - - - mw

NOTE:
4. Values apply for each section of the dual amplifiers.

Test Circuits

INVERTING
INPUT

OUTPUT
NON-INVERTING
INPUT

V-

FIGURE 1. OFFSET VOLTAGE NULL CIRCUIT FOR CA741C, FIGURE 2. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL
CA741, LM741C, AND LM741 TYPES
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

Schematic Diagram (Notes 5, 6)

CA741C, CA741, LM741C, LM741 AND FOR EACH AMPLIFIER OF THE CA1458, CA1558, AND LM1458

r Ow
L D, : l D,
€ a; 1‘< Qo
INVERTING
inpur ©
R 9 Q
T 3°,;,,F 45K 3
M Qq2
NON-INVERTING ¢ S
INPUT o Q, a3 +—Kon $h
3
D4 Jv;v‘v
Q Q s )
3 4 7o ——() ouTPUT
—+ % m') Qs $ P
B ""-—"—‘K Qq
0 o} Ko a )
OFFSET © - Qs o L a,
NULL ® |
Dy
Rig Ryg <R, Ry Rz < Ry <
1K%> 50KS 1K 3K 50K $ 80K S
ov
NOTES:
5. See Pinouts for Terminal Numbers of Respective Types.
6. All Resistance Values are in Ohms.
Typical Performance Curves
40 . :
Ta=25°C Tp=25°C
s 15 35| R >2kQ //
w
2 ,/ 5 % p.
o
g / % 25 /
2 10 L H p.
z / 2 2
w
§ y § 15 /
: / E
] 4 © 10 / :
- / :
8 "4 5 /
0 0
0 5 10 15 20 0 5 10 15 20
DC SUPPLY (V+, V-) DC SUPPLY (V+, V)
FIGURE 3. COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY FIGURE 4. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FOR ALL
VOLTAGE FOR ALL TYPES TYPES
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458

Typical Performance Curves (Continued)

30
DC SUPPLY VOLTS (V+ = 15, V- = -15)
T = 25°C, C_ = 100pF
25
20 I\‘
E || 90% I
5 15
a
=
=]
°
20
s |
l 10%
RISE TIME
o 1 1 1 -
05 0 05 10 15 20 25 3.0

TIME (us)
FIGURE 5. TRANSIENT RESPONSE FOR CA741C AND CA741

Metallization Mask Layout

CA741CH

57

50

40

30 54 - 6

-62
(1.372 - 1.575)
20 —

4-10
|~ (0.102 - 0.254)
61-69
(1.549 - 1.753)

CA1458H

o_—
—>l - 4-10 I

(0.102 - 0.254)

101 -109
) (2.565 - 2.768)

NOTE: Dimensiosns in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. Grid graduations are in
mils (10™ inch).
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5 | + 8MHz Power Amps For Military,
meéustrlal and Commercial Equipment

Description
o .
. "igh Power Output Class B Amplifier The CA3020 and CA3020A are integrated-circuit, multi-
= CA3020 .........oiuininnnn 0.5W (Typ) at Vcc =9V stage, multipurpose, wide-band power amplifiers on a single
- CA3020A................e. 1.0W (Typ) at Voo =12V monolithic silicon chip. They employ a highly versatile and

Wide Frequency Range .. Up to 8MHz with Resistive Loads ~ stable direct coupled circuit configuration featuring wide
¢ HighPowerGain.................... ... 75dB (Typ) frequency range, high voltage and power gain, and high

i X § power output. These features plus inherent stability over a
* Single Power Supply For Class B Operation With wide temperature range make the CA3020 and CA3020A

Transformer extremely useful for a wide variety of applications in military,
= CA3020 .....citiiiiiiiii i 3Vto 9V industrial, and commercial equjpment.
= CA3020A ...ttt 3Vto 12V

The CA3020 and CA3020A are particularly suited for service
as class B power amplifiers. The CA3020A can provide a
maximum power output of 1W from a 12Vp¢ supply with a
Applications typical power gain of 75dB. The CA3020 provides 0.5W
power output from a 9V supply with the same power gain.

Built-In Temperature-Tracking Voltage Regulator Provides
Stable Operation Over -55°C to 125°C Temperature Range

* AF Power Amplifiers For Portable and Fixed Sound and
Communications Systems Refer to AN5766 for application information.

* Servo-Control Amplifiers
Wide-Band Linear Mixers
* Video Power Amplifiers TEMP. PKG.

Transmission-Line Driver Amplifiers (Balanced and PART NUMBER | RANGE (°C) PACKAGE NO.
Unbalanced)

Fan-In and Fan-Out Amplifiers For Computer Logic Circuits
* Lamp-Control Amplifiers CA3020A 5510125 |12 Pin Metal Can |T12.8
* Motor-Control Amplifiers
¢ Power Multivibrators
Power Switches

Ordering Information

CA3020 -55t0 125 |12 Pin Metal Can |[T12.B

Pinout Schematic Diagram
CA3020 9 o8 o1
(METAL CAN)
TOP VIEW Rig 1;1.5K

Ry1<
114;1.5K

Dy

03K 23Ry

R Rai;“&i

Q4
[os Q; Q. — }'—
S 2 3

Q
< Rs < s

Rs <
10K SR 5
>

0.47K ShRs
203K

&
2
Ton ohen

12 02

The resistance values included on the schematic diagram have been supplied as a convenience to assist
Equipment Manufacturers in optimizing the selection of “outboard” components of equipment designs.
The values shown may vary as much as 30%.

Harris reserves the right to make any changes in the Resistance Values provided such changes do not
adversely affect the published performance characteristics of the device.

CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper IC Handling Procedures. File Number 339.4
Copyright © Harris Corporation 1996 3.34
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Feature

¢ Low Power Consumption as Low as 100mW Per
Amplifier

* Independent Biasing for Each Amplifier

* High Forward Transconductance

¢ Programmable Range of Input Characteristics
¢ Low Input Bias and Input Offset Current

¢ High Input and Output Impedance

¢ No Effect on Device Under Output Short-Circuit
Conditions

¢ Zener Diode Bias Regulator

Applications

¢ For Low Power Conventional Operational Amplifier
Applications

Active Filters

¢ Comparators

* Gyrators

* Mixers

* Modulators

* Multiplexers

* Multipliers

¢ Strobing and Gating Functions

¢ Sample and Hold Functions

Description

The CA3060 monolithic integrated circuit consists of an array of
three independent Operational Transconductance Amplifiers
(see Note). This type of amplifier has the generic characteris-
tics of an operational voltage amplifier with the exception that
the forward gain characteristic is best described by transcon-
ductance rather than voltage gain (open-loop voltage gain is the
product of the transconductance and the load resistance,
gmRBL). When operated into a suitable load resistor and with
provisions for feedback, these amplifiers are well suited for a
wide variety of operational-amplifier and related applications. In
addition, the extremely high output impedance makes these
types particularly well suited for service in active filters.

The three amplifiers in the CA3060 are identical push-pull
Class A types which can be independently biased to achieve a
wide range of characteristics for specific application. The elec-
trical characteristics of each amplifier are a function of the
amplifier bias current (Iagc). This feature offers the system
designer maximum flexibility with regard to output current capa-
bility, power consumption, slew rate, input resistance, input bias
current, and input offset current. The linear variation of the
parameters with respect to bias and the ability to maintain a
constant DC level between input and output of each amplifier
also makes the CA3060 suitable for a variety of nonlinear appli-
cations such as mixers, multipliers, and modulators.

In addition, the CA3060 incorporates a unique Zener diode
regulator system that permits current regulation below sup-
ply voltages normally associated with such systems.

NOTE: Generic applications of the OTA are described in AN-6668.
For improved input operating ranges, refer to CA3080 and CA3280
data sheets (File Nos. 475 and 1174) and application notes AN6668
and AN6818.

Pinout
CA3060
(PDIP)
TOP VIEW
\J
REGULATOR OUT Ej?m—s' [16] outPuT NO. 1
REGULATORIN [Z}HRES: 5] BIAS NO. 1
v+ [B]ame1 = [12] NON-INV. INPUT NO. 1

INV. INPUT NO. 3 [4]
NON-INV. INPUT NO. 3 [ |
BIAS NO. 3 [6]
OUTPUTNO.3 [7]

v

[13] INV. INPUT NO. 1

[12] INv. INPUT NO. 2

[17] NON-INV. INPUT NO. 2
[10] BlAS NO. 2

9] outPuT NO. 2

Ordering Information

TEMP. PKG.
PART NUMBER | RANGE (°C) PACKAGE NO.
CAB060E -40t0 85 |16 Ld PDIP E16.3

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996
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@ HARRIS (CA3078, CA3078A

November 1996 2kHz, Micropower Operational Amplifier
Features Description
¢ Low Standby Power............. As Low As700nW  The CA3078 and CA3078A are high gain monolithic
¢ Wide Supply Voltage Range ......... +0.75V to +15V  operational amplifiers which can deliver milliamperes of
« High Peak Output Current.............. 6.5mA (Min) currentyetonly consume microwatts of standby power. Their

operating points are externally adjustable and frequency
compensation may be accomplished with one external
¢ Output Short Circuit Protection capacitor. The CA3078 and CA3078A provide the designer
with the opportunity to tailor the frequency response and

¢ Adjustable Quiescent Current

Applications improve the slew rate without sacrificing power. Operation
¢ Portable Electronics ¢ Telemetry with a single 1.5V battery is a practical reality with these
* Medical Electronics * Intrusion Alarms devices.
* Instrumentation The CA3078A is a premium device having a supply voltage
range of V+ = 0.75V to V+ = 15V. The CA3078 has the same

Ordering Information lower supply voltage limit but the upper limit is V+ = +6V and
PART NUMBER|  TEMP. ke V7O

(BRAND) | RANGE (°C) 'PACKAGE NO.
CA3078AE -55t0 125 |8 Ld PDIP E8.3
CA3078AM -55t0 125 |8 Ld SOIC M8.15
(3078A)
CA3078AM96 -55to0 125 |8Ld SOIC Tape and Reel | M8.15
(3078A)
CA3078AT -55to 125 |8 Pin Metal Can T8.C
CA3078E 0to70 8 Ld PDIP E8.3
CA3078M Oto 70 8 Ld SOIC M8.15
(3078)
CA3078T 0to 70 8 Pin Metal Can T8.C
Pinouts Schematic Diagram

CA3078 (PDIP, SOIC) CA3078 AND CA3078A
TOP VIEW

CA3078 (METAL CAN)
TOP VIEW

()~—— COMPENSATION ——=(3)

NOTE: Pin 4 is connected to case.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 535.3
Copyright © Harris Corporation 1996 3.36



CA3078, CA3078A

Absolute Maximum Ratings
Supply Voltage (Between V+ and V- Terminal)

CABD78. . . 14V

CABO7BA. .. 36V
Differential Input Voltage. .. ................ ... ... ...... 6V
InputVoltage. . ........ ... .. i V+to V-
InputCurrent. . . ... ... 0.1mA
Output Short Circuit Duration (Note 1). .. .......... No Limitation
Operating Conditions
Temperature Range

CABO78B. ..ttt e 0°C to 70°C

CAB07BA. ... -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 2) 844 (°CC/W) 8¢ (°C/W)
130

PDIPPackage . .................. N/A

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

Metal Can Package . .............. 175 100
Maximum Junction Temperature (Metal Can Package) . ... ... 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range . ......... -65°C to 150°C
Maximum 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.

NOTES:
1. Short circuit may be applied to ground or to either supply.

2. 644 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications For Equipment Design

CA3078 LIMITS CA3078A LIMITS
TEST CONDITIONS RgeT = 1MQ RgeT = 5.1MQ y
Ta =0°C to Ta=-55°C to <zt g
R I Ta = 25°C 70°C Ta = 25°C 125°C 8 E
PARAMETER [andV-| o) [ k@) [ min [ TvP [ max | min [ max [ min | 7vp [ max | min | max | units =3
Vio 6V | <10 [ - - |13 ]as | - 5 - ool ss | - [ 45| mv oz
o - - - 6 | a2 | - | 4] - Joso| 25| - |50 na ©
I8 - - - JTeo [170] - Ja200] - 7 | 12| - 50 | nA
AoL - 20 88| 92| - e8] - [o2 o] -] e - d8
la - - - 100 f1w@]| - [150] -] 20| 2| - a5 | A
Pp - - - [1200[ 1560 | - 1800 | - | 240 [ 300 [ - | 540 | ww
Vo a0 sl - [ s [ - [wa[smsa] - | 55 -
Vicr <10 | - - Jssto] - [500] - - |55t - |50 -
+5.8 +5 +5.8 +5
CMRR 0| - |8 [110] - - - e [ s | - - - d8
lowm* or low- - - -2 - Jes ]| a - 2] - |65 ] 30 | ma
AVO/AV+ so| - |76 [ 9 | - B -~ 7e | 105 | - - N R
AV|O/AV- so| - V76 [ o3| - . - s o5 | - - B Y
RseT = 13MQ
Vio 5V | <10 | - - : - - - -l 1alas | - a5 | mv
AoL B ST . ; ; - | o2 T 00| - | ss - dB
la - - - - - - - - | 20 | 3 | - 50 | pA
Pp - - - - - - - - |eoo|7s0| - [1as0] uw
Vom - T - - - - - fea7[zar] - [aas] - v
CMRR <10 | - - - - - - e [106] - - - dB
I8 - - - . - - - ; 7 [ 14| - 55 | nA
o - - - - - - - - Josol 271 - [ s5] na
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CA3078, CA3078A

Electrical Specifications Ty = 25°C, Typical Values Intended Only for Design Guidance

CA3078 CA3078A
V4 = +1.3V, V+ = +0.75V, V+=+1.3V, V+ = +0.75V,
V-=-1.3V V-=-0.75V V-=-1.3V V-=-0.75V
PARAMETER RggT = 2MQ RgeT = 10MQ RgeT = 2MQ Rger = 10MQ UNITS
Vio 1.3 15 0.7 0.9 mv
o 1.7 0.5 0.3 0.054 nA
s 9 1.3 3.7 0.45 nA
AoL 80 60 84 65 dB
la 10 1 10 1 pA
Pp 26 1.5 26 1.5 pw
Vop-p 1.4 0.3 1.4 0.3 v
Vicr 0.8t0 +1.1 -0.2t0 +0.5 -0.810 +1.1 -0.2t0+0.5 %
CMRR 100 90 100 90 dB
“lomt 12 0.5 12 0.5 mA
AVjo/AV+ 20 50 20 50 pvnv
Electrical Specifications Tp =25°C and VsuppLy = +6V, Typical Values Intended Only for Design Guidance
CA3078 CA3078A
PARAMETER | TEST CONDITIONS Rger = 1MQ Rget = 5.1MQ Rger = 1IMQ UNITS
AV|/AT, Rg <10kQ 6 5 6 uv/ec
Allg/ATa Rg <10kQ 70 6.3 70 pALCC
BWoL 3dB pt. 2 0.3 2 kHz
SR See Figures 23, 24 0.04 0.027 0.04 Vius
1.5 0.5 1.5 Vius
tr 10% to 90% Rise Time 25 3 25 us
Ry - 0.87 7.4 1.7 MQ
Ro - 0.8 1 0.8 kQ
en(10Hz) Rg=0 25 40 - nVAHz
in(10Hz2) Rg= 1MQ 1 0.25 - pANHZ
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CA3078, CA3078A

Test Circuits :
V4
100kQ
AAA T
vy
V+
Rser
ov_l_L 7
100kQ ov
Vin (O~ 2 1N 5
) , r
R CA3078
= 3 CA3078A Vour
Com
3 + 8) 10k S —_
1 9 —~CL
51kQ n
_— V- .
R C e
Ry] oPTIONAL 1 1
Ry - C[ COMP.

FIGURE 1. TRANSIENT RESPONSE AND SLEW RATE, UNITY
GAIN (INVERTING) TEST CIRCUIT

NON-INVERTING

INPUT

v CA3078 OuTPUT
* CA3078A o
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V-
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FIGURE 2. SLEW RATE, UNITY GAIN (NON-INVERTING) TEST
CIRCUIT

INVERTING

INPUT R
V+
Rg
M S—WA—C)H
V-

Value of Rp required to have a
null adjustment range of £7.5mV
R R V+

B 75x100
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FIGURE 3. OFFSET VOLTAGE NULL CIRCUITS
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FIGURE 4. INVERTING 20dB AMPLIFIER CIRCUIT
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FIGURE 5. NON-INVERTING 20dB AMPLIFIER CIRCUIT
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TABLE 1. UNITY GAIN SLEW RATE vs COMPENSATION - CA3078 AND CA3078A

VsuppLy = £6V, Output Voltage (Vo) = +5V, Load Resistance (R ) = 10k, Transient Response: 10% overshoot for an output voltage of

100mV, Ambient Temperature (Tp) = 25°C

UNITY GAIN (INVERTING) UNITY GAIN (NON-INVERTING)
FIGURE 1 FIGURE 2
COMPENSATION Ry Cq Ry Cy SLEW RATE Ry Cq Ry Cy SLEW RATE

TECHNIQUE kQ pF kQ uF Vius kQ pF kQ uF Vius
CA3078 - I = 100pA
Single Capacitor 0 750 o 0 0.0085 0 1500 oo 0 0.0095
Resistor and Capacitor 3.5 350 oo 0 0.04 5.3 500 3 0 0.024
Input ) 0 0.25 0.306 0.67 " e 0 0.311 0.45 0.67
CA3078A - I = 20pA
Single Capacitor 0 300 =3 0 0.0095 0 800 oo 0 0.003
Resistor and Capacitor 14 100 = 0 0.027 34 125 =3 0 0.02
Input =3 0 0.644 0.156 0.29° ) 0 0.77 0.4 0.4

Application Information
Compensation Techniques

The CA3078A and CA3078 can be phase compensated with
one or two external components depending upon the closed
loop gain, power consumption, and speed desired. The
recommended compensation is a resistor in series with a
capacitor connected from Terminal 1 to Terminal 8. Values of
the resistor and capacitor required for compensation as a
function of closed loop gain are shown in Figures 25 and 26.
These curves represent the compensation necessary at
quiescent currents of 100uA and 20pA, respectively, for a
transient response with 10% overshoot. Figures 23 and 24
show the slew rates that can be obtained with the two different
compensation techniques. Higher speeds can be achieved
with input compensation, but this increases noise output.

Compensation can also be accomplished with a single
capacitor connected from.Terminal 1 to Terminal 8, with speed
being sacrificed for simplicity. Table 1 gives an indication of
slew rates that can be obtained with various compensation
techniques at quiescent currents of 100pA and 20pA.

Single Supply Operation

The CA3078A and CA3078 can operate from a single supply
with a minimum total supply voltage of 1.5V. Figures 4 and 5
show the CA3078A or CA3078 in inverting and non-inverting
20dB amplifier configurations utilizing a 1.5V type “AA” cell
for a supply. The total consumption for either circuit is
approximately 675nW. The output voltage swing in this con-
figuration is 300mVp_p with a 20k load.

Typical Performance Curves

Vg =16
Ta =25°C
Rg < 10kQ
s
E
&
<
'g 3.0
E 24
o 18 CA3078
6 12 T
5 o. CA3078A
6
Q.
g, [ |
1 © 10 100 1000

TOTAL QUIESCENT CURRENT (uA)

FIGURE 6. INPUT OFFSET VOLTAGE vs TOTAL QUIESCENT
CURRENT ‘

Vg =16
Ta =25°C r

=
o

[ CA3078

-

o
o

INPUT OFFSET CURRENT (nA)
\
\

o
o
=

10 100 1000
TOTAL QUIESCENT CURRENT (nA)

10000

FIGURE 7. INPUT OFFSET CURRENT vs TOTAL QUIESCENT
CURRENT
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Typical Performance Curves (Continued)
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FIGURE 8. INPUT BIAS CURRENT vs TOTAL QUIESCENT

CURRENT
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FIGURE 9. OPEN LOOP VOLTAGE GAIN vs TOTAL
QUIESCENT CURRENT
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FIGURE 11. MAXIMUM OUTPUT CURRENT vs TOTAL
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FIGURE 12. OUTPUT VOLTAGE SWING vs TOTAL QUIESCENT
CURRENT

FIGURE 13. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR
CA3078
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Typical Performance Curves (Continued)
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FIGURE 14. OUTPUT AND COMMON MODE VOLTAGE vs

INPUT OFFSET CURRENT (nA) - CA3078AT
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FIGURE 17. INPUT OFFSET CURRENT vs TEMPERATURE
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FIGURE 16. INPUT OFFSET VOLTAGE vs TEMPERATURE
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FIGURE 18. INPUT BIAS CURRENT vs TEMPERATURE
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Typical Performance Curves (Continued)
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FIGURE 19. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE
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Typical Performance Curves (continued)
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Supply Volts: V+ = +6, V-= -6

Quiescent Current (Iq) = 100uA

Ambient Temperature (Tp) = 25°C

Load Impedance: R = 10k, C|_ = 100pF

Feedback Resistance (Rg) = 0.1MQ

Output Voltage (Vop-p) = 10V

Ry determined for transient response w:th 10% overshoot on a
100mV output signal (Ry xC1=2.5x 10" )

FIGURE 23. SLEW RATE vs CLOSED LOOP GAIN FOR
Ig = 100pA - CA3078
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Supply Volts: V+ = +6, V- = -6

Quiescent Current (Iq) = 100pA

Ambient Temperature (Ta) = 25°C

Load Impedance: R = 10kQ, C_= 100pF

Feedback Resistance (Rg) = 0.1MQ

Output Voltage (Vop-p) = 100mV

Ry determined for transient response wuth 10% overshoot on a
100mV output signal (R4 x C1 =25 x 10 )

FIGURE 25. PHASE COMPENSATION CAPACITANCE vs
CLOSED LOOP GAIN - CA3078
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Supply Volts: V+ = +6, V- = -6

Quiescent Current (Ig) = 20pA

Ambient Temperature (Tp) = 25°C

Load Impedance: Ry = 10k, C; = 100pF

Feedback Resistance (Rg) = 0.1MQ

Output Voltage (Vop.-p) = 10V

Ry determined for transient response with 10% overshoot on a
100mV output signal (R4 x C{ =2x 10°6)

FIGURE 24. SLEW RATE vs CLOSED LOOP GAIN FOR Ig = 20uA
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Quiescent Current (Ig) = 20pA

Ambient Temperature (Tp) = 25°C

Load Impedance: R = 10k, C|_= 100pF

Feedback Resistance (Rg) = 0.1MQ

Output Voltage (Vop-p) = 100mV

Ry determined for transient response with 10% overshoot on a
100mV output signal (Ry x C1=2x 10°6)

FIGURE 26. PHASE COMPENSATION CAPACITANCE vs
CLOSED LOOP GAIN - CA3078A




@ HARRIS CA3080, CA3080A

2MHz, Operational

November 1996 Transconductance Amplifier (OTA)
Features Description
* Slew Rate (Unity Gain, Compensated).......... 50V/us  The CA3080 and CA3080A types are Gatable-Gain Blocks
« Adjustable Power Consumption ......... 10uW to 30uW which utilize the unique operational-transconductance-

amplifier (OTA) concept described in Application Note

* Flexible Supply Voltage Range.......... +2V to +15V AN6668, “Applications of the CA3080 and CA3080A High-

* Fully Adjustable Gain .............. 0 to gmRL Limit  Performance Operational Transconductance Amplifiers”.

* Tight gy Spread: The CA3080 and CA3080A types have differential input and a
= CA3080 .......ciiiiii s 2:1  single-ended, push-pull, class A output. In addition, these types
= CA3080A ... ..ottt ittt 1.6:1  have an amplifier bias input which may be used either for gating

. . . or for linear gain control. These types also have a high output
Extended gy Linearity.................. 3 Decades impedance and their transconductance (gy) is directly

A pplications proportional to the amplifier bias current (I5Bc)-

« Sample and Hold * Multiplier The CA3080 and CA3080A types are notable for their excellent

« Multiplexer « Comparator slew rate (50V/us), which makes them especially useful for

multiplexer and fast unity-gain voltage followers. These types
are especially applicable for multiplexer applications because

Ordering Information power is consumed only when the devices are in the “ON”
channel state.

* Voltage Follower

PA";R':UNMDBER RAI]ZNEIP."C PACKAGE PNKg- The CA3080A's characteristics are specifically controlled for
{ ) (80} . applications such as sample-hold, gain-control, multiplexing, etc.
CA3080 0to 70 8 Pin Metal Can | T8.C
CA3080A -551t0 125 |8 Pin Metal Can | T8.C
CA3080AE -55t0 125 |8 Ld PDIP E8.3
CA3080AM -55t0 125 |8 Ld SOIC M8.15
(3080A)
CA3080AM96 -5510 125 |8Ld SOIC Tape M8.15
(3080A) and Reel
CA3080E 0to70 |8LdPDIP E8.3
CA3080M 0to70 |8LdSOIC M8.15
(3080)
CA3080M96 O0to70 |8Ld SOIC Tape M8.15
(3080) and Reel
Pinouts
CA3080 CA3080
(PDIP, SOIC) (METAL CAN)
TOP VIEW TOP VIEW
\J

vo [ » ol
INV.
inpuUT L2 _——D_l_ﬂ Vs
NON-INV. 5
INPUT 6] outpur
=1 AMPLIFIER
V- E BIAS INPUT

NOTE: Pin 4 is connected to case.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 475.3
Copyright © Harris Corporation 1996 3-45 .
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CA3080, CA3080A

Absolute Maximum Ratings Thermal Information

Supply Voltage (Between V+and V- Terminal). . ............ 36V Thermal Resistance (Typical, Note 2) 84a (°C/W)  8,¢ (°CIW)
Differential Input Voltage. . . . ........... ... ..o it 5V PDIPPackage ................... 130 N/A
InputVoltage. .. ... V+to V- SOICPackage................... 170 N/A
Input Signal Current . .. ... oo 1mA Metal Can Package . .............. 200 120
Amplifier Bias Current (Iagc) - - - .-+ -« oo 2mA  Maximum Junction Temperature (MetalCan) ............. 175°C
Output Short Circuit Duration (Note 1)............ No Limitation ~ Maximum Junction Temperature (Plastic Package) ....... 150°C
Maximum Storage Temperature Range ......... -65°C to 150°C
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C
(SOIC - Lead Tips Only)

Temperature Range

CA3080. . ..o ottt ettt e 0°C to 70°C

CA3080A ... ... -55°C to 125°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.

NOTES:

1. Short circuit may be applied to ground or to either supply.
2. 8yp is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications

For Equipment Design, VsyppLy = +15V, Unless Otherwise Specified

CA3080 CA3080A
PARAMETER TEST CONDITIONS | TEMP| MIN | TYP MAX MIN | TYP MAX | UNITS
Input Offset Voltage IaBC = 5pA - 25 - 0.3 - - 0.3 2 mV
1ABC = 500pA 25 - 0.4 5 - 0.4 2 mv

Full - - 6 - - 5 mv
Input Offset Voltage Change IABC = 500pA to 5pA 25 - 0.2 - - 0.1 3 mV
Input Offset Voltage Temp. Drift IaBc = 100pA Full - - - - 3.0 - e
Input Offset Voltage Positive | Iagc = 500pA 25 - - 150 - - 150 (A%
Sensitivity Negative 25 ; ; 150 A 150 | pviv
Input Offset Current 1ABC = 500pA 25 - 0.12 0.6 - 0.12 0.6 nA
Input Bias Current IaBc = 500pA 25 - 2 - 2 5 pA

Full - - - - 15 pA
Differential Input Current IaBC =0, Vp|FF = 4V 25 - 0.008 - - 0.008 5 nA
Amplifier Bias Voltage IaBC = 500uA 25 - 0.71 - - 0.71 - \
Input Resistance |aBc = 500pA 25 10 26 - 10 26 - kQ
Input Capacitance IaBC = 500pA, f=1MHz | 25 - 3.6 - - 3.6 - pF
Input-to-Output Capacitance IaBc =500pA, f=1MHz | 25 - 0.024 - - 0.024 - pF
Common-Mode Input-Voltage IaBC = 500pA 25 12to | 13610 - 12to | 13610 - v
Range -12 -14.6 -12 -14.6
Forward Transconductance 1aBC = 500pA 25 6700 | 9600 | 13000 | 7700 | 9600 | 12000 us
(Large Signal) | Fun [ sa00 [ - - | a000] - - us
Output Capacitance IaBc = 500pA, f = 1MHz 25 - 5.6 - - 5.6 - pF
Output Resistance IaBc = 500uA 25 - 15 - - 15 - MQ
Peak Output Current IABC = 5MA, R = 0Q 25 - 5 - 3 5 7 pA

IaBC = 500pA, R = 0Q 25 350 500 650 350 500 650 nA
Full 300 - - 300 - - pA
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Electrical Specifications

For Equipment Design, VgyppLy = 15V, Unless Otherwise Specified (Continued)

CA3080 CA3080A
PARAMETER TEST CONDITIONS | TEMP| MIN TYP MAX MIN TYP MAX | UNITS
Peak Output Positive |lagc =5pA, R = o 25 - 13.8 - 12 13.8 - \
Voltage Negative 25 - | as - 12 | 145 ; v
Positive | Iapc = 500pA, R = oo 25 12 135 - 12 135 - v
Negative 25 -12 -14.4 - -12 -14.4 - \
Amplifier Supply Current IaBc = 500pA 25 0.8 1 1.2 0.8 1 12 mA
Device Dissipation | ABC7= 500pA 25 24 30 36 24 30 36 mwW
Magnitude of Leakage Current ::zz : 2 X_Tr: : zﬁv z: - (;038 000: : :::
Propagation Delay |ABC = 500pA 25 - 45 - - 45 - ns
Common-Mode Rejection Ratio laBC = 500pA 25 80 110 - 80 110 - dB
Open-Loop Bandwidth laBc = 500pA 25 - 2 - - 2 - MHz
Slew Rate Uncompensated 25 - 75 - - 75 - Vius
Compensated 25 - 50 - - 50 - Vius

Schematic Diagram

INVERTING
INPUT

NON-

OUTPUT

INVERTING
INPUT © Q10
ampLIFIER (5) »
BIAS INPUT De v.()
4
Typical Applications

V- =15V

10kQ

AAA

LOAD
(SCOPE PROBE)

); 5pF,
>

7

21

vy
—
0.001pF

OUTPUT

1V/DIV.

¥

INPUT
5V/DIV.

T

Vg =+15V

TIME -0.1us/DIV.

FIGURE 1. SCHEMATIC DIAGRAM OF THE CA3080 AND CA3080A IN A UNITY-GAIN VOLTAGE FOLLOWER CONFIGURATION
AND ASSOCIATED WAVEFORM
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Typical Applications (continued)

20pF
IL
N
8.2kQ2
AAA
Yvy
THRESHOLD
+7.5V BUFFER VOLTAGE CENTERING DETECTOR
o FOLLOWER _ 100k
+{ .
VOLTAGE-CONTROLLED HiGH ] 75V o-AMWWA-0 +T.5V ooy
CURRENT SOURCE 09-7pF  CoEC

Cqy o
/:‘ SHAPE
> 1kQ B Gy &
> VVV/ 3
£10 - 80pF i'l - 60pF
C2 1 C

AAA ~O-

0.1uF  430pF
ird

ic
10kQ

AAA

£ 3 2mo =
- A b 7.5V
SYMMETRY
7.5V o—A}W—-O 475V | 47KQ ey TERNAL
100kQ 1 SWEEPING INPUT
MAX FREQ. SET MIN FREQ. SET
+7.5V oAMR—AN——MA—AY—o 7.5V

10kQ  6.2kQ 500Q  500Q
FREQ.
ADJUST

AAA

vy

4 63
#es
2kQ 15-115
HIGH-FREQ.
LEVEL
ADJUST

FIGURE 2. 1,000,000/1 SINGLE-CONTROL FUNCTION GENERATOR - 1MHz TO 1Hz

2-1N914

NOTE: A Square-Wave Signal Modulates The External Sweeping NOTE: The bottom trace is the sweeping signal and the top trace is
Input to Produce 1Hz and 1MHz, showing the 1,000,000/1 frequenc the actual generator output. The center trace displays the 1MHz signal

range of the function generator.

FIGURE 3A. TWO-TONE OUTPUT SIGNAL FROM THE
FUNCTION GENERATOR

SWEEPING TO 1MHz

FIGURE 3. FUNCTION GENERATOR DYNAMIC CHARACTERISTICS WAVEFORMS

: via delayed oscilloscope triggering of the upper swept output signal.
FIGURE 3B. TRIPLE-TRACE OF THE FUNCTION GENERATOR
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Typical Applications (Continued)

V+ = +15V
-
_]: 0.01pF
3N138
INPUT _@_E_L—@j OUTPUT
2209:; *- ©
0.01pF ;= 300pF 3 3kQ
: 3 =

= SLEW RATE (IN SAMPLE MODE) = 1.3V/us
STORAGE AND PHASE
COMPENSATION NETWORK

ACQUISITION TIME = 3us (NOTE)

SAMPLE 0V
HOLD -15V u ;

NOTE: Time required for output to settle within +3mV of a 4V step.

V- =-15V

FIGURE 4. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CONFIGURATION

30kQ

STROBE 0——AA——
1N914

0 SAMPLE
-15 1'1[ HOLD

L
33k

....... @ .5 ; )
= 0.1uF i aopr ¥
siMuLATEDLOAD " | il
NOT REQUIRED e

FIGURE 5. SAMPLE AND HOLD CIRCUIT

OPERATIONAL
AMPLIFIERS

3-49



CA3080, CA3080A

Typical Applications (continued)

Top Trace:  Output Signal
5V/Div., 2ps/Div.
Bottom Trace:  Input Signal
5V/Div., 2us/Div.
Center Trace:  Difference of Input and Output Signals Through
Tektronix Amplifier 7A13
5mV/Div., 2us/Div.

FIGURE 6. LARGE SIGNAL RESPONSE AND SETTLING TIME FOR CIRCUIT SHOWN IN FIGURE 23

Top Trace:  System Output; 100mV/Div., 500ns/Div. Top Trace:  Output; 50mV/Div., 200ns/Div.
Bottom Trace: ~ Sampling Signal; 20V/Div., 500ns/Div. Bottom Trace:  Input; 50mV/Div., 200ns/Div.
FIGURE 7. SAMPLING RESPONSE FOR CIRCUIT SHOWN IN FIGURE 8. INPUT AND OUTPUT RESPONSE FOR CIRCUIT
FIGURE 23 SHOWN IN FIGURE 23

| THERMOCOUPLE
$6.2K / T
' @
5 120v AC
MT; 60Hz
CA3079 !
20K S W— 1)
1 $ 150K @ (o) 0:
ek ®
1N914

-é— NOTE: All resistors 1/2 watt,
unless otherwise specified.

FIGURE 9. THERMOCOUPLE TEMPERATURE CONTROL WITH CA3079 ZERO VOLTAGE SWITCH AS THE OUTPUT AMPLIFIER
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CA3080, CA3080A

Typical Applications (continued)

SAMPLE +7.5V o +7.5V
CONTROL SAMPLE
AMPLIFIER READ-OUT
AMPLIFIER

OUTPUT >R C_
7
2K
1T i e.g. 30pF (TYP)
>
<Rs L
I*T gﬁ F
R 200pF A
SAMPLE 0V 2 | | storace -8,
— WY 43 S [ANDPHASE
HOLD -7.5 STROBE l_ COMPENSATION

FIGURE 10. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CIRCUIT WITH BIMOS OUTPUT AMPLIFIER

Top Trace:  Output; 5V/Div., 2us/Div. Top Trace:  Output
Center Trace:  Differential Comparison of Input and Output 20mV/Div., 100ns/Div.
2mV/Div., 2ps/Div. Bottom Trace:  Input
Bottom Trace:  Input; 5V/Div., 2us/Div. 200mV/Div., 100ns/Div.
FIGURE 11. LARGE-SIGNAL RESPONSE FOR CIRCUIT FIGURE 12. SMALL-SIGNAL RESPONSE FOR CIRCUIT SHOWN
SHOWN IN FIGURE 28 IN FIGURE 28
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CA3080, CA3080A

Typical Applications (continued)
® V4 =15V

56kQ

50mV Iagc = 500pA
0---4-F- IN o
50mV — - o OUT A -0
512 1.2MQ —-I H
V- =15V
INPUT
toLH —=| |-— <— tpHL
OUTPUT

FIGURE 13. PROPAGATION DELAY TEST CIRCUIT AND ASSOCIATED WAVEFORMS

Typical Performance Curves

5 — 108 [————rr— —
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E 0 £ 49 | A “
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@ 3 25°Cc ¥ Q 1 = P44 -559C
£ & >
e /,250,. 5 [ 2s°c
; j C %. 0.1 '/ ~ 125°¢
Iy,
sV 0.01
0.1 1 10 100 1000 0.1 1 10 100 1000
AMPLIFIER BIAS CURRENT (1A) AMPLIFIER BIAS CURRENT (1A)
FIGURE 14. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS FIGURE 15. INPUT OFFSET CURRENT vs AMPLIFIER BIAS
CURRENT CURRENT
4 N ~ 3 C T T T
107 SUPPLY VOLTS: Vg =115V i 10* ESUPPLY VOLTS: Vg =15V H— 1259¢
- | LOAD RESISTANCE = 0Q m o
= oz all g 25°C ]
< 108 2 3 }
£ E 10 T
& z 1 /i
} S [ -55°C
9§= 102 § 102
o 7 E
(] 0,
< 10 < 55 E 0
o . 5
'é NN 259C °
z 1042 125°C g 1
%
o 1 10 100 1000 o1 -
- 0.1 1 10 100 1000
AMPLIFIER BIAS CURRENT (1A) AMPLIFIER BIAS CURRENT (1A)

FIGURE 16. INPUT BIAS CURRENT vs AMPLIFIER BIAS CURRENT  £iGURE 17. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS
CURRENT ~
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CA3080, CA3080A

Typical Performance Curves (Continued)

1
% [SUPPLY VOLTS: Vg =15V
S 145 | Ta= 25°C
LOAD RESISTANCE = oo

-
>

V+CMR
135

V+om

V-om

PEAK OUTPUT VOLTAGE (V)
COMMON MODE INPUT VOLTAGE (V
°

V-emr | ||

0.1 1 10 100 1000
AMPLIFIER BIAS CURRENT (11A)

FIGURE 18. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS

CURRENT

&
s 'Cfm= 20
2
g 10 H
=
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n 3
2 10 :
B ,1 P 1
[+
£ 102 = Vg =26V
[o] L
Q >
w ” | Vg =13V
g 10 vd
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s ||
1 |
0.1 1 10 100 1000

AMPLIFIER BIAS CURRENT (u1A)

FIGURE 20. TOTAL POWER DISSIPATION vs AMPLIFIER BIAS
CURRENT

36V
ov

TEST POINT
(Vrp)

FIGURE 22. LEAKAGE CURRENT TEST CIRCUIT

108 —r T T ma: '
P [ SUPPLY VOLTS: Vg =+15V T 25°C
i LI I)
= a3 125°C |
£ 10
'" 4
g -55°C
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O 192
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‘%
2 10
i
T 125°C
g 1 -
H
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0.1 R
0.1 1 10 100 1000
AMPLIFIER BIAS CURRENT (LA)

FIGURE 19. AMPLIFIER SUPPLY CURRENT vs AMPLIFIER
BIAS CURRENT
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0 10° [ SUPPLY VOLTS: Vg = +15V T 3:' %)
= g
(3] 4 ou
z 10 el T
< -55°C 1] g3
5 NP = a
g I ca
2 103 25 1 a3
<] ¢ o <
9 125°C ]
2 102 .
E 1
[=]
g 10
-
(4 |

1 1

01 1 10 100 1000

AMPLIFIER BIAS CURRENT (uA)

FIGURE 21. TRANSCONDUCTANCE vs AMPLIFIER BIAS

CURRENT
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FIGURE 23. LEAKAGE CURRENT vs TEMPERATURE
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CA3080, CA3080A

Typical Performance Curves (Continued)

V+ =15V

VDIFE = +4V ©

V- =-15V

FIGURE 24. DIFFERENTIAL INPUT CURRENT TEST CIRCUIT

SUPPLY VOLTS: Vg =+15V
Ta= 25°C

100
g
£ 10 s
w
Q
2
b 1
(7}
w
(4
5 o1
o
F4
= .

0.01

0.1 1 10 100 1000
AMPLIFIER BIAS CURRENT (uA)

FIGURE 26. INPUT RESISTANCE vs AMPLIFIER BIAS CURRENT

SUPPLY VOLTS: Vg = +15V /
Lf=1MHz
Ta = 25°C

o

N

o

\
\\.°

INPUT AND OUTPUT CAPACITANCE (pF)

0
0.1

1 10 100 1000
AMPLIFIER BIAS CURRENT (uA)

FIGURE 28. INPUT AND OUTPUT CAPACITANCE vs AMPLIFIER
BIAS CURRENT
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FIGURE 25. INPUT CURRENT vs INPUT DIFFERENTIAL VOLTAGE
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FIGURE 27. AMPLIFIER BIAS VOLTAGE vs AMPLIFIER BIAS
CURRENT
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FIGURE 29. OUTPUT RESISTANCE vs AMPLIFIER BIAS
CURRENT
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CA3080, CA3080A

Typical Performance Curves (Continued)

FIGURE 30. INPUT-TO-OUTPUT CAPACITANCE TEST CIRCUIT

c f=1MHz
= 0,

& 0.06|Ta=25°€C

w

(3}

rF4

g 005

2

% 004

[
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° )\

& 002

e

[

2 oot

F4

0 2 4 6 8 10 12 14 16 18
POSITIVE AND NEGATIVE SUPPLY VOLTAGE (V)

FIGURE 31. INPUT-TO-OUTPUT CAPACITANCE vs SUPPLY
VOLTAGE
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—-CA3094, CA3094A,

——

CA3094B

%WM 30MHz, High Output Current
*@ﬁéra"”ﬁonal Transconductance Amplifier (OTA)

Features

e CA3094T, E, M for Operation Up to 24V

e CA3094AT, E, M for Operation Up to 36V

* CA3094BT, M for Operation Up to 44V

¢ Designed for Single or Dual Power Supply

* Programmable: Strobing, Gating, Squelching, AGC
Capabilities

¢ Can Deliver 3W (Average) or 10W (Peak) to External
Load (in Switching Mode)

¢ High Power, Single Ended Class A Amplifier will Deliver
Power Output of 0.6W (1.6W Device Dissipation)

Total Harmonic Distortion (THD) at 0.6W in Class A
Operation 1.4% (Typ)

Applications

* Error Signal Detector: Temperature Control with
Thermistor Sensor; Speed Control for Shunt Wound
DC Motor

¢ Over Current, Over Voltage, Over Temperature Protectors
Dual Tracking Power Supply with CA3085

* Wide Frequency Range Oscillator

¢ Analog Timer

Level Detector

o Alarm Systems

Description

The CA3094 is a differential input power control switch/ampli-
fier with auxiliary circuit features for ease of programmability.
For example, an error or unbalance signal can be amplified by
the CA3094 to provide an on-off signal or proportional control
output signal up:to 100mA. This signal is sufficient to directly
drive high current thyristors, relays, DC loads, or power tran-
sistors. The CA3094 has the generic characteristics of the
CA3080 operational amplifier directly coupled to an integral
Darlington power transistor capable of sinking or driving cur-
rents up to 100mA.

The gain of the differential input stage is proportional to the
amplifier bias current (lagc), permitting programmable
variation of the integrated circuit sensitivity with either digital
and/or analog programming signals. For example, at an |agc
of 100pA, a 1mV change at the input will change the output
from 0 to 100pA (typical).

The CA3094 is intended for operation up to 24V and is
especially useful for timing circuits, in automotive equipment,
and in other applications where operation up to 24V is a
primary design requirement (see Figures 28, 29 and 30 in
Typical Applications text). The CA3094A and CA3094B are
like the CA3094 but are intended for operation up to 36V and
44V, respectively (single or dual supply).

Ordering Information

* Voltage Follower PARTNUMBER | TEMP. PKG.
» Ramp Voltage Generator (BRAND) RANGE (°C)| PACKAGE NO.
« High Power Comparator CAQ094T, AT, BT | -55t0125 |8 PinMetalCan |T8.C
* Ground Fault Interrupter (GFl) Circuits CA3094E, AE,BE | -55t0125 |8LdPDIP E8.3
CA3094M, AM, BM | -5510125 |8Ld SOIC M8.15
(3094, A, B)
Pinouts
CA3094 (PDIP, SOIC) CA3094 (METAL CAN)
TOP VIEW TOP VIEW
EXT. FREQUENCY SINK OUTPUT
COMPENSATION bt (COLLECTOR)

j SINK OUTPUT
OR INHIBIT INPUT 8 | (COLLECTOR)

1
P |
DIFFERENTIAL [] 7] v
VOLTAGE INPUTS DRIVE OUTPUT
‘E S | (EmrTTER)

GND (V-INDUAL [} 511 CURRENT
SUPPLY OPERATION) j e
PROGRAMMABLE
INPUT

(STROBE OR AGC)

EXT. FREQUENCY
COMPENSATION OR
INHIBIT INPUT

DRIVE OUTPUT

(EMITTER)
DIFFERENTIAL

VOLTAGE INPUTS

PROGRAMMABLE INPUT
NOTE: Pin 4 is connected to case. GND (V- IN DUAL (STROBE OR AGC)
SUPPLY OPERATION)
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 598.4

Copyright © Harris Corporation 1996 3.56



HARRIS

SEMICONDUCTOR

CA3100

38MHz, Operational Amplifier

@

November 1996

Features
* High Open Loop Gain at Video

Frequencies .................. 42dB (Typ) at 1MHz
e Unity Gain

Crossover Frequency (fy) ............. 38MHz (Typ)
¢ Full Power Bandwidth

VO =18Vpp covrriii i 1.2MHz (Typ)
¢ Slew Rate

- 20dB Amplifier .................... 70V/us (Typ)

- Unity Gain Amplifier................ 25V/us (Typ)
e SettlingTime ...................ouut 0.6us (Typ)
e OutputCurrent...................... +15mA (Min)

* Single Capacitor Compensation
¢ Offset Null Terminals

Applications

¢ Video Amplifiers

* Fast Peak Detectors

¢ Meter Driver Amplifiers

* High Frequency Feedback Amplifiers
¢ Video Pre-Drivers

¢ Oscillators

¢ Multivibrators

¢ Voltage Controlled Oscillator

¢ Fast Comparators

Description

The CA3100 is a large signal wideband, high speed
operational amplifier which has a unity gain cross over
frequency (fr) of approximately 38MHz and an open loop,
3dB corner frequency of approximately 110kHz. It can
operate at a total supply voltage of from 14V to 36V (£7V to
+18V when using split supplies) and can provide at least
18Vp.p and 30mAp.p at the output when operating from
+15V supplies. The CA3100 can be compensated with a
single external capacitor and has DC offset adjust terminals
for those applications requiring offset null. (See Figure 1).

The CA3100 circuit contains both bipolar and PMOS transis-
tors on a single monolithic chip.

Ordering Information

PART NUMBER TEMP. PKG.
(BRAND) RANGE (°C)| PACKAGE NO.

CA3100E -40t085 |8LdPDIP E8.3

CA3100M -40t085 |8 Ld SOIC M8.15

(3100)

CA3100T 55t0 125 |8 Pin Metal Can | T8.C

Pinouts

CA3100
(PDIP, SOIC)
TOP VIEW

PHASE COMPENSATION

\J
OFFSET [1{ 8
NULL :

INV.
INPUT L2 :D'Lﬂ v+
NON-INV. [3 3
A E 6] outeur

v Bl

CA3100
(METAL CAN)
TOP VIEW

OPERATIONAL
AMPLIFIERS

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Prooedures.

File Number 625.3
Copyright © Harris Corporation 1996 3.57



CA3100

Absolute Maximum Ratings

Supply Voltage (Between V+ and V- Terminals). . ........... 36V
Differential Input Voltage. . . ............. ... . ... 12v
Input Voltageto Ground . . .. .. ..o vt V+to V-
Offset Terminal to V- Terminal Voltage . . .. .............. +0.5V
OutputCurrent (Note 2) . ........ ... .. iviiiiiiinn, 50mA

Operating Conditions

Temperature Range
CA3100E, CA3100M. . . ......ovveiienene
CA3100T. ..ot

-40°C to 85°C
-55°C to 125°C

Thermal Information
Thermal Resistance (Typical, Note 1)

PDIPPackage.................
SOICPackage.................
Metal Can Package .............
Maximum Junction Temperature (Metal Can)
Maximum Junction Temperature (Plastic Package)
Maximum Storage Temperature Range

Maximum Lead Temperature (Soldering 10s)

(SOIC - Lead Tips Only)

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.

NOTES:

1. 8ya is measured with the component mounted on an evaluation PC board in free air.
2. CA3100 does not contain circuitry to protect against short circuits in the output.

Electrical Specifications Ta = 25°C, Vgyppiy = £15V, Unless Otherwise Specified

PARAMETER I SYMBOL | TEST CONDITIONS I MIN I TP I MAX I UNITS
DC
Input Offset Voltage Vio Vo =0+0.1V - +1 5 mV
Input Bias Current s Vo =01V - 0.7 2 UA
Input Offset Current o Vo=0#1V - +0.05 +0.4 WA
Common Mode Input Voltage Range Vicr CMRR 2 76dB +12 +11 ; - \
Common Mode Rejection Ratio CMRR Vem =12V 76 90 - dB
Maximum Output Voltage Vom+ Differential Input Voltage = 0 £0.1V, +9 +11 - \
RL = 2kQ
Vom- -9 -11 - v
Maximum Output Current lom+ Differential Input Voltage = 0 + 0.1V, +15 +30 - mA
Ry = 250Q
lom- -15 -30 - mA
Supply Current I+ Vo =010.1V, R > 10kQ - 8.5 10.5 mA
' Power Supply Rejection Ratio PSRR AV+ =£1V, AV- =41V 60 70 - dB
DYNAMIC
Unity-Gain Crossover Frequency fr Cc=0,Vo=0.3Vpp - 38 - MHz
Open Loop Voltage Gain AoL f=1kHz, Vo = £1V, (Note 3) 56 61 - dB
f=1MHz, Cc =0, Vo =10Vp.p 36 42 - dB
Slew Rate SR Ay =10,Cc =0, V| =1V (Pulse) 50 70 - Vius
Ay =1, Cc = 10pF, V| = 10V (Pulse) s 25 - Vipus
Full Power Bandwidth (Note 4) FPBW Ay=10,Cc=0,Vp=18Vpp 0.8 1.2 - MHz
Ay =1,Cc=10pF, Vo = 18Vp_p - 0.4 - MHz
Open Loop Differential Input Impedance Z f=1MHz - 30 - kQ
Open Loop Output Impedance Zp f=1MHz - 110 - Q
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CA3100

Electrical Specifications Tp = 25°C, VgyppLy =215V, Unless Otherwise Specified (Continued)

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS

Wideband Noise Voltage (RT1) e (Total) | BW = 1MHz, Rg = 1kQ - 8

- HVRMS

Settling Time (To Within £50mV of 9V

ts Ry = 2kQ, C_ = 20pF - 0.6
Output Swing)

NOTES:
3. Low frequency dynamic characteristic.

4. Full Power Bandwidth = Siew Rate
™Vop-p

Test Circuits

SLOPE = SR

& N\ El
Vo ‘ /V‘\
0
@ ze
WITH V; = 0 ADJ v < 2=
POTENTIO- PULSE S| 3 ] E
METER (Ry) (cmm' ca
L i i . _L_ TOGIVE N W=
- - = T ¢ = = Vo=0+0.1Vpc o
SET V| TO GIVE c o
DESIRED Vg LEVEL
AT TEST FREQUENCY NULL ADJUST AT FREQUENCY > 1MHz V|
POTENTIOMETER  AND Vg MEASURED WITH =4 o T )
HF8405A VECTOR = = = V.
VOLTMETER
FIGURE 1. OPEN-LOOP VOLTAGE GAIN TEST CIRCUIT AND FIGURE 2. SLEW RATE IN 10X AMPLIFIER TEST CIRCUIT
OFFSET ADJUST CIRCUIT
Ay=100 — o
10pF V+ +15V
INPUT REFERRED
NOISE VOLTAGE
v e < NO
] NI = 100
_@_ POST AMPL. AND
] 2 POLE 1MHz
FILTER
@,wv
PULSE Rg :E Hmﬁl.
tgr <10ns 9
twipTH 2 Tus
€
(—_l 470 _Tj
m—— e s
- - V- - = = = .sv _ —

FIGURE 3. FOLLOWER SLEW RATE TEST CIRCUIT FIGURE 4. WIDEBAND INPUT NOISE VOLTAGE TEST CIRCUIT

3-59



CA3100

Test Circuits (Continued)

Vo

20pF

L

2 v yvy
l SETTLING POINT TO SCOPE

FIGURE 5. OUTPUT VOLTAGE SWING (Vgp), OUTPUT ’ FIGURE 6. SETTLING TIME TEST CIRCUIT
CURRENT SWING (lopm) TEST CIRCUIT

120F g5y =
AAA AAA
Yy

Schematic Diagram

t O]
Ry < V+
7500 ¥ Qs
Rg B S
20 2 -
m\'fé’é‘f Rig
<
INPUT 25k0g
O3
s 2
b3 S
INVERT
INPUT Q2 II— Q9 A c OUTPUT
@_ Qyq a D3 10pF @
15 D4 o @
Qs
[ Q Q3
Ry & R1g R1q 0 l b 2‘3‘,‘,5.5
10kQ 200 200
Q16 Q17 L R
R 2 2000
Q23 Qp2 Qq9 200Q
Qa1 Q20 Q18 OFFSET
Ds NULL
i ” ®
1
Ri2¢ Ruug Rizg  Risg Ry <SRiz SRy Ris < OFFSET
500 31.1kQY> 200P> 1.1kQP> 1500 $600Q ;» 600Q  150Q ¥ NULL
v-@ AND PHASE
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CA3100

Typical Applications

+15V o

INPUT 0.33uF
ouTPUT

220Q

A""' v yvy
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1 p TOTAL INPUT NOISE
= 3} VOLTAGE REFERRED TO
INPUT = 35uVpms

FIGURE 7. 20dB VIDEO AMPLIFIER
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> 2N2102

p—o0
Vo (DC) =
+V) PEAK
12003
b3 0.1uF L 10000
.—-—4(—1
45V & = _

FIGURE 9. FAST POSITIVE PEAK DETECTOR

3dB BANDWIDTH = 15MHz
Ay = 20dB

2N5320

QUTPUT TO
TERMINATED
50Q TRANS-
MISSION LINE

INPUT

3kQ
DELIVERS FOLLOWING =
PEAK VOLTAGES TO ~__
50Q LINE: 2kQ) 2N5322

2200 +

AAA,

yyy <L
GAIN = 20dB T 0-1uF
Ve ==
FIGURE 8. 20dB VIDEO LINE DRIVER
ZERO ADJ 0
2000 20kQ +15V
1VRms
INPUT 0.1yF
IMPEDANCE T FULL SCALE
= 50kQ
= 1N914
TEST
LEADS
— + 1imA
FULL
-Y* SCALE
, é nDnc'r
A5vd  as0npor. 3300 ETER
- FULL SCALE
= CALIBRATION

ADJUST
FIGURE 10. 1MHz METER-DRIVER AMPLIFIER

Typical Performance Curves
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FIGURE 11. OPEN LOOP GAIN, OPEN LOOP PHASE SHIFT vs
FREQUENCY
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FIGURE 12. OPEN LOOP GAIN vs FREQUENCY
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CA3100

Typical Performance Curves (Continued)
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FIGURE 13. OPEN LOOP GAIN vs FREQUENCY
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FIGURE 15. SLEW RATE vs COMPENSATION CAPACITANCE
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RESISTANCE

Ay = 2kQ
Cy = 20pF

25

20

Vg =+15V

NS

N
N
N

COMP CAP PINS 1 TO 8 (pF)

—
+10V

T~

6(0) 10 (6) 20 (19.1)
NONINVERTING GAIN (dB), INVERTING GAIN (dB)
CLOSED LOOP GAIN (dB)

0

FIGURE 14. REQUIRED COMPENSATION CAPACITANCE vs
CLOSED LOOP GAIN

350
Ta=25°C

300} Vg=+15V

200 B
HEWLETT
PACKARD
e o VECTOR
4 IMPEDANCE
Vo METER4815A

100

OPEN LOOP OUTPUT IMPEDANCE (Q)

10
FREQUENCY (MHz)

FIGURE 16. TYPICAL OPEN LOOP OUTPUT IMPEDANCE vs
FREQUENCY

108

Ta=25°C ]
Vg =+15V

-
o
E,

IMPEDANCE (Q)

-
(=]
>

l'

N
N

OPEN LOOP DIFFERENTIAL INPUT

103

0.1 1 10

FREQUENCY (MHz)

100

FIGURE 18. TYPICAL OPEN LOOP DIFFERENTIAL INPUT
IMPEDANCE vs FREQUENCY

W

N




CA3100

Typical Performance Curves (Continued)
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FIGURE 19. MAXIMUM OUTPUT VOLTAGE SWING vs
FREQUENCY
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CA3130, CA3130A

15MHz, BiMOS Operational Amplifier
with MOSFET Input/CMOS Output

Features

* MOSFET Input Stage Provides:
- Very High 2 = 1.5 TQ (1.5 x 10'2Q) (Typ)
- Very Low |; = 5pA (Typ) at 15V Operation
= 2pA (Typ) at 5V Operation
"« |deal for Single-Supply Applications

+ Common-Mode Input-Voltage Range Includes
Negative Supply Rail; Input Terminals can be Swung
0.5V Below Negative Supply Rail

* CMOS Output Stage Permits Signal Swing to Either
(or both) Supply Rails

Applications

¢ Ground-Referenced Single Supply Amplifiers
* Fast Sample-Hold Amplifiers

* Long-Duration Timers/Monostables

* High-Input-impedance Comparators
(Ideal Interface with Digital CMOS)

High-Input-impedance Wideband Amplifiers

.

Voltage Followers (e.g. Follower for Single-Supply D/A

Description

CA3130A and CA3130 are op amps that combine the
advantage of both CMOS and bipolar transistors.

Gate-protected P-Channel MOSFET (PMOS) transistors are
used
impedance, very-low-input current, and exceptional speed
performance. The use of PMOS transistors in the input stage
results in common-mode input-voltage capability down to
0.5V below the negative-supply terminal, an important
attribute in single-supply applications.

A CMOS transistor-pair, capable of swinging the output volt-
age to within 10mV of either supply-voltage terminal (at very
high values of load impedance), is employed as the output
circuit.

The CA3130 Series circuits operate at supply voltages
ranging from 5V to 16V, (+2.5V to +8V). They can be phase
compensated with a single external capacitor, and have ter-
minals for adjustment of offset voltage for applications
requiring offset-null capability. Terminal provisions are also
made to permit strobing of the output stage.

in the input circuit to provide very-high-input

Converter) The CA3130A offers superior input characteristics over
« Voltage Regulators (Permits Control of Output Voltage ~ those of the CA3130.
Down to 0V)
¢ Peak Detectors
* Single-Supply Full-Wave Precision Rectifiers
¢ Photo-Diode Sensor Amplifiers
Pinouts Ordering Information
CA3131, CA3130A CA3130, CA3130A
(PDIP, SOIC) (METAL CAN) TEMP.
TOP VIEW TOP VIEW PART NO. | RANGE PKG.
(BRAND) °c) PACKAGE NO.
PHASE CA3130AE 5510 125 | 8 Ld PDIP E8.3
\V o
OFFSET COMPENSATION
oL L 8] stRoBE TAB  STROBE CA3130AM | 5510 125 | 8Ld SOIC M8 .15
INV.
INPUT L2 7] v+ OFFSET G) v* (81304)
NON-INV. 5 5] outpuT ULL CA3130AM96 | -55t0 125 | 8Ld SOIC (Note) | M8.15
INPUT (3130A)
V-4 5| OFFSET INV. OUTPUT . i
E :] NULL NP CA3130AT 5510 125 | 8 Pin Metal Can T8.C
CA3130BT -55t0125 | 8 PinMetalCan | T8.C
NON-INV. OFFSET  [casiaoE 5510 125 | 8Ld PDIP E83
CA3130M 5510 125 | 8Ld SOIC Mm8.15
V- AND CASE
(3130)
CA3130M96 | -5510 125 | 8Ld SOIC (Note) |M8.15
(3130)
CA3130T 5510 125 |8 Pin MetalCan | T8.C
NOTE: Denotes Tape and Reel.
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 81 7_3

Copyright © Harris Corporation 1996
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Absolute Maximum Ratings

DC Supply Voltage (Between V+ And V- Terminals) .........

16V Thermal Resistance (Typical, Note 2)

Thermal Information

Differential input Voltage. . ... .............. ... ... .. .. 8V PDIPPackage ................... 100
DCInputVoltage ...................... (V+ +8V) to (V- -0.5V) SOICPackage................... 160
Input-Terminal Current . . .................... ...t 1mA Metal Can Package ............... 170
Output Short-Circuit Duration (Note 1). .. ............. Indefinite  Maximum Junction Temperature (Metal Can Package)

Operating Conditions
Temperature Range ........................

-50°C to 125°C

Maximum Junction Temperature (Plastic Package)

Maximum Storage Temperature Range . . ...

(SOIC - Lead Tips Only)

8ga (°C/W)  8yc (°C/W)

N/A
N/A

Maximum Lead Temperature (Soldering 10s)............. 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.

NOTES:
1. Short circuit may be applied to ground or to either supply.

2. 8y is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications T =25°C, v+ =15V, V-=

0V, Unless Otherwise Specified

CA3130 CA3130A
TEST
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Viol Vg =47.5V - 8 15 - 2 5 mV
Input Offset Voltage AV|o/AT - 10 - - 10 - uv/ec
Temperature Drift
Input Offset Current ol Vg =+7.5V - 0.5 30 - 0.5 20 pA
Input Current [ Vg =+7.5V - 5 50 - 5 30 pA
Large-Signal Voltage Gain AoL Vo =10Vp_p 50 320 - 50 320 - kV/V
RL = 2kQ
94 110 - 94 110 - dB
Common-Mode CMRR 70 90 - 80 90 - dB
Rejection Ratio
Common-Mode Input Vicr 0 -0.5t0 10 0 -0.5t0 10 v
Voltage Range 12 12
Power-Supply AV|p/AVg Vg =17.5V - 32 320 - 32 150 uvv
Rejection Ratio
Maximum Output Voltage Vom+ RL =2kQ 12 13.3 - 12 13.3 - \
Vom- RL =2kQ - 0.002 0.01 - 0.002 0.01 \
Vom+ R =o0 14.99 15 - 14.99 15 - v
Vom- Ry = - 0 0.01 - 0 0.01 \'
Maximum Output Current lom+ (Source) at Vg = 0V 12 22 45 12 22 45 mA
lom- (Sink) at Vg = 15V 12 20 45 12 20 45 mA
Supply Current I+ Vo =75V, - 10 15 - 10 15 mA
R =e0
I+ Vo=0V, - 2 3 - 2 3 mA
Ry =o°
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Electrical Specifications Typical Values Intended Only for Design Guidance, VsyppLy = 7.5V, Ta = 25°C
Unless Otherwise Specified

CA3130,
PARAMETER SYMBOL TEST CONDITIONS CA3130A UNITS
Input Offset Voltage Adjustment Range 10kQ Across Terminals 4 and 5 +22 mv
or4and1
Input Resistance Ry 1.5 TQ
Input Capacitance Cy = 1MHz 4.3 pF
Equivalent Input Noise Voltage eN BW = 0.2MHz, Rg = 1IMQ 23 uv
(Note 3) !
Open Loop Unity Gain Crossover Frequency Cc=0 15 MHz
(For Unity Gain Stability >47pF Required.) fr
Cg = 47pF 4 MHz
Slew Rate: SR
Open Loop Cc=0 30 Vius
Closed Loop Cg = 56pF 10 Vius
Transient Response: C¢ = 56pF,
Cy = 25pF,
Rise Time tr R =2kQ 0.09 us
(Voltage Follower)
Overshoot os 10 %
Settling Time (To <0.1%, VN = 4Vp.p) ts 1.2 us
NOTE:
3. Although a 1MQ source is used for this test, the equivalent input noise remains constant for values of Rg up to 10MQ.
Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = 5V, V- = 0V, Tp = 25°C
Unless Otherwise Specified (Note 4)
PARAMETER SYMBOL TEST CONDITIONS CA3130 CA3130A UNITS
Input Offset Voltage Vio 8 2 mvV
Input Offset Current lio 0.1 0.1 pA
Input Current ] 2 2 pA
Common-Mode Rejection Ratio CMRR 80 90 dB
Large-Signal Voltage Gain AoL Vo = 4Vp.p, R = 5kQ -100 100 kviv
100 100 dB
Common-Mode Input Voltage Range VicR Oto28 Oto2.8 v
Supply Current I+ Vo=5V,R = 300 300 pA
Vo=25V,R =0 500 500 pA
Power Supply Rejection Ratio AV|o/AV+ 200 200 pVvN

NOTE:

4. Operation at 5V is not recommended for temperatures below 25°C.
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Schematic Diagram

i | 1 TCURRENTSOURCEFOR | | “CURRENT SGURCE @
| BIASCIRCUT | Q5 AND Oy 1 1 LOAD"FORGy
1 + + t+
I *-. —o—t—ld N 1
1 <—||Q1 11 Q2 11 |Q3 1
' - Lt ] L | l 1
] [} [} i
1 D4 1 ' 1
1 ot — (] 1
1 §j3v P2 1 | o 1 1
1 D3 1 : [ 1
] ] 1 1
1 Ry Dy 1! : 1 1
! v‘v‘v - : ST !
1 1 1 1
1 0k g, 1! ' 1
1 AL [ [} !
1 5kQ 1! 1 1 SECOND 1
b e e e == '-_-_-_-_-_" | 1 STAGE 1
] ]
: INPUT STAGE : 1 1
NON-INV. ! Ds |Ds  |(NoTES5) D7 | Ds : : :
INPUT : 1 ' | e e e e e = B
N 11 '} ouTtpuT 1
G . e = o 1 STAGE Q|
- i 1 —e
INV(I;\;UT: Qg l—l Qy - v =) ' OUTPUT
— 1! 11
' 9 [ [ ::I 1 C
: 1kRI:; S: ?ﬁ‘n : : : : [_IK_ :
. Q1o TT K 1 01;1 1
1 v Qq4 ' !
1 [ L] 1
! R R v x l
' 5 < 6 < 1l [ !
' s 1kﬂ:: ' [ 1
1 1 Ll ]
a - 4

L g - = -

NOTE:

@< OFFSET NULL (1) <—— COMPENSATION —=([8)=— STROBING ——(45 v-

[ [ ——

5. Diodes D5 through Dg provide gate-oxide protection for MOSFET input stage.

Application Information

Circuit Description

Figure 1 is a block diagram of the CA3130 Series CMOS
Operational Amplifiers. The input terminals may be operated
down to 0.5V below the negative supply rail, and the output
can be swung very close to either supply rail in many
applications. Consequently, the CA3130 Series circuits are
ideal for single-supply operation. Three Class A amplifier
stages, having the individual gain capability and current
consumption shown in Figure 1, provide the total gain of the
CA3130. A biasing circuit provides two potentials for
common use in the first and second stages. Terminal 8 can
be used both for phase compensation and to strobe the out-
put stage into quiescence. When Terminal 8 is tied to the
negative supply rail (Terminal 4) by mechanical or electrical
means, the output potential at Terminal 6 essentially rises to
the positive supply-rail potential at Terminal 7. This condition
of essentially zero current drain in the output stage under the
strobed “OFF” condition can only be achieved when the
ohmic load resistance presented to the amplifier is very high

(e.g.,when the amplifier output is used to drive CMOS digital
circuits in Comparator applications).

Input Stage

The circuit of the CA3130 is shown in the schematic diagram.
It consists of a differential-input stage using PMOS field-effect
transistors (Qg, Q7) working into a mirror-pair of bipolar tran-
sistors (Qg, Q1p) functioning as load resistors together with
resistors Rg through Rg. The mirror-pair transistors also func-
tion as a differential-to-single-ended converter to provide base
drive to the second-stage bipolar transistor (Q41). Offset null-
ing, when desired, can be effected by connecting a 100,000
potentiometer across Terminals 1 and 5 and the potentiome-
ter slider arm to Terminal 4. Cascade-connected PMOS
transistors Qp, Q4 are the constant-current source for the
input stage. The biasing circuit for the constant-current source
is subsequently described. The small diodes Dg through Dg
provide gate-oxide protection against high-voltage transients,
including static electricity during handling for Qg and Q7.
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______________________ .
| CA3130 v+

1.35mA

200pA 8mA
(NOTE 5)
BIAS CKT. OmA

(NOTE 7)

OFFSET (WHEN REQUIRED)
NULL '

NOTES:

6. Total supply voltage (forindicated voltage gains) = 15V with input
terminals biased so that Terminal 6 potential is +7.5V above Ter-
minal 4.

7. Total supply voltage (for indicated voltage gains) = 15V with out-
put terminal driven to either supply rail.

FIGURE 1. BLOCK DIAGRAM OF THE CA3130 SERIES

Second-Stage

Most of the voltage gain in the CA3130 is provided by the
second amplifier stage, consisting of bipolar transistor Q4
and its cascade-connected load resistance provided by
PMOS transistors Qg and Qg. The source of bias potentials
for these PMOS transistors is subsequently described. Miller
Effect compensation (roll-off) is accomplished by simply
connecting a small capacitor between Terminals 1 and 8. A
47pF capacitor provides sufficient compensation for stable
unity-gain operation in most applications.

Bias-Source Circuit

At total supply voltages, somewhat above 8.3V, resistor Ry
and zener diode Z4 serve to establish a voltage of 8.3V across
the series-connected circuit, consisting of resistor R4, diodes
D4 through Dg4, and PMOS transistor Q4. A tap at the junction
of resistor Ry and diode D4 provides a gate-bias potential of
about 4.5V for PMOS transistors Q4 and Qg with respect to
Terminal 7. A potential of about 2.2V is developed across
diode-connected PMOS transistor Q1 with respect to Terminal
7 to provide gate bias for PMOS transistors Qo and Qg. It
should be noted that Q1 is “mirror-connected (see Note 8)” to
both Q2 and Q3. Since transistors Q1, Q,, Qg3 are designed to
be identical, the approximately 200uA current in Qq estab-
lishes a similar current in Qy and Qg as constant current
sources for both the first and second amplifier stages, respec-
tively.

At total supply voltages somewhat less than 8.3V, zener
diode Z4 becomes nonconductive and the potential,
developed across series-connected R4, D4-Dg4, and Q4, var-
ies directly with variations in supply voltage. Consequently,
the gate bias for Q4, Qs and Qp, Qg varies in accordance
with supply-voltage variations. This variation results in

deterioration of the power-supply-rejection ratio (PSRR) at
total supply voltages below 8.3V. Operation at total supply
voltages below about 4.5V results in seriously degraded
performance.

Output Stage

The output stage consists of a drain-loaded inverting ampli-
fier using CMOS transistors operating in the Class A mode.
When operating into very high resistance loads, the output
can be swung within millivolts of either supply rail. Because
the output stage is a drain-loaded amplifier, its gain is
dependent upon the load impedance. The transfer charac-
teristics of the output stage for a load returned to the nega-
tive supply rail are shown in Figure 2. Typical op amp loads
are readily driven by the output stage. Because large-signal
excursions are non-linear, requiring feedback for good wave-
form reproduction, transient delays may be encountered. As
a voltage follower, the amplifier can achieve 0.01% accuracy
levels, including the negative supply rail.

NOTE:

8. For general information on the characteristics of CMOS transis-
tor-pairs in linear-circuit applications, see File Number 619, data
sheet on CA3600E “CMOS Transistor Array”.
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FIGURE 2. VOLTAGE TRANSFER CHARACTERISTICS OF
CMOS OUTPUT STAGE

Input Current Variation with Common Mode Input
Voltage

As shown in the Table of Electrical Specifications, the input
current for the CA3130 Series Op Amps is typically 5pA at
Ta = 25°C when Terminals 2 and 3 are at a common-mode
potential of +7.5V with respect to negative supply Terminal 4.
Figure 3 contains data showing the variation of input current
as a function of common-mode input voltage at Tp = 25°C.
These data show that circuit designers can advantageously
exploit these characteristics to design circuits which typically
require an input current of less than 1pA, provided the com-
mon-mode input voltage does not exceed 2V. As previously
noted, the input current is essentially the result of the leakage
current through the gate-protection diodes in the input circuit
and, therefore, a function of the applied voltage. Although the
finite resistance of the glass terminal-to-case insulator of the
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metal can package also contributes an increment of leakage
current, there are useful compensating factors. Because the
gate-protection network functions as if it is connected to Ter-
minal 4 potential, and the Metal Can case of the CA3130 is
also internally tied to Terminal 4, input Terminal 3 is essen-
tially “guarded” from spurious leakage currents.

10

Ta = 25°C
/

/ 15v
Q)

N
e

o

INPUT VOLTAGE (V)

AN

4 o 1 2 3 4 5 6 7
INPUT CURRENT (pA)

FIGURE 3. INPUT CURRENT vs COMMON-MODE VOLTAGE

Offset Nulling

Offset-voltage nulling is usually accomplished with a
100,000Q potentiometer connected across Terminals 1 and
5 and with the potentiometer slider arm connected to
Terminal 4. A fine offset-null adjustment usually can be
effected with the slider arm positioned in the mid-point of the
potentiometer’s total range.

Input-Current Variation with Temperature

The input current of the CA3130 Series circuits is typically
5pA at 25°C. The major portion of this input current is due to
leakage current through the gate-protective diodes in the input
circuit. As with any semiconductor-junction device, including
op amps with a junction-FET input stage, the leakage current
approximately doubles for every 10°C increase in tempera-
ture. Figure 4 provides data on the typical variation of input
bias current as a function of temperature in the CA3130.

4000
| Vg =7.5V 4

1000 /

v 4

100 /

10 /

INPUT CURRENT (pA)
N

4
/
1 /
80 -60 -40 20 0 20 40 60 80 100 120 140

TEMPERATURE (°C)

FIGURE 4. INPUT CURRENT vs TEMPERATURE

In applications requiring the lowest practical input current
and incremental increases in current because of “warm-up”
effects, it is suggested that an appropriate heat sink be used
with the CA3130. In addition, when “sinking” or “sourcing”
significant output current the chip temperature increases,
causing an increase in the input current. In such cases, heat-
sinking can also very markedly reduce and stabilize input
current variations.

Input Offset Voltage (V|p) Variation with DC Bias and
Device Operating Life

It is well known that the characteristics of a MOSFET device
can change slightly when a DC gate-source bias potential is
applied to the device for extended time periods. The magni-
tude of the change is increased at high temperatures. Users
of the CA3130 should be alert to the possible impacts of this
effect if the application of the device involves extended oper-
ation at high temperatures with a significant differential DC
bias voltage applied across Terminals 2 and 3. Figure 5
shows typical data pertinent to shifts in offset voltage
encountered with CA3130 devices (metal can package) dur-
ing life testing. At lower temperatures (metal can and plas-
tic), for example at 85°C, this change in voltage is
considerably less. In typical linear applications where the dif-
ferential voltage is small and symmetrical, these incremental
changes are of about the same magnitude as those encoun-
tered in an operational amplifier employing a bipolar transis-
tor input stage. The 2Vp¢ differential voltage example
represents conditions when the amplifier output stage is
“toggled”, e.g., as in comparator applications.

T T T T T
| | Ta = 125°C FOR TO-5 PACKAGES
! !

DIFFERENTIAL DC VOLTAGE
5 |(ACROSS TERMINALS 2 AND 3) = 2V
OUTPUT STAGE TOGGLED

4 /
3 //
2 d

v
/[ DIFFERENTIAL DC VOLTAGE

(ACROSS TERMINALS 2 AND 3) = 0V
OUTPUT VOLTAGE = V+/2

0 T T T
[} 500 1000 1500 2000 2500 3000 3500 4000
TIME (HOURS)

FIGURE 5. TYPICAL INCREMENTAL OFFSET-VOLTAGE
SHIFT vs OPERATING LIFE

OFFSET VOLTAGE SHIFT (mV)
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\

FIGURE 6B. SINGLE POWER SUPPLY OPERATION

FIGURE 6. CA3130 OUTPUT STAGE IN DUAL AND SINGLE
POWER SUPPLY OPERATION

Power-Supply Considerations

Because the CA3130 is very useful in single-supply applica-
tions, it is pertinent to review some considerations relating to
power-supply current consumption under both single-and
dual-supply service. Figures 6A and 6B show the CA3130
connected for both dual-and single-supply operation.

Dual-supply Operation: When the output voltage at Terminal
6 is 0V, the currents supplied by the two power supplies are
equal. When the gate terminals of Qg and Q12 are driven
increasingly positive with respect to ground, current flow
through Qq» (from the negative supply) to the load is
increased and current flow through Qg (from the positive
supply) decreases correspondingly. When the gate terminals
of Qg and Q12 are driven increasingly negative with respect
to ground, current flow through Qg is increased and current
flow through Q4 is decreased accordingly.

Single-supply Operation: Initially, let it be assumed that the
value of Ry is very high (or disconnected), and that the input-
terminal bias (Terminals 2 and 3) is such that the output termi-
nal (No. 6) voltage is at V+/2, i.e., the voltage drops across Qg
and Qq2 are of equal magnitude. Figure 20 shows typical qui-
escent supply-current vs supply-voltage for the CA3130 oper-
ated under these conditions. Since the output stage is
operating as a Class A amplifier, the supply-current will
remain constant under dynamic operating conditions as long
as the transistors are operated in the linear portion of their
voltage-transfer characteristics (see Figure 2). If either Qg or
Qq2 are swung out of their linear regions toward cut-off (a
non-linear region), there will be a corresponding reduction in
supply-current. In the extreme case, e.g., with Terminal 8

swung down to ground potential (or tied to ground), NMOS
transistor Q45 is completely cut off and the supply-current to
series-connected transistors Qg, Q12 goes essentially to zero.
The two preceding stages in the CA3130, however, continue
to draw modest supply-current (see the lower curve in Figure
20) even though the output stage is strobed off. Figure 6A
shows a dual-supply arrangement for the output stage that
can also be strobed off, assuming R|_ = e by pulling the poten-
tial of Terminal 8 down to that of Terminal 4.

Let it now be assumed that a load-resistance of nominal
value (e.g., 2kQ) is connected between Terminal 6 and
ground in the circuit of Figure 6B. Let it be assumed again
that the input-terminal bias (Terminals 2 and 3) is such that
the output terminal (No. 6) voltage is at V+/2. Since PMOS
transistor Qg must now supply quiescent current to both R
and transistor Q12, it should be apparent that under these
conditions the supply-current must increase as an inverse
function of the R; magnitude. Figure 22 shows the voltage-
drop across PMOS transistor Qg as a function of load cur-
rent at several supply voltages. Figure 2 shows the voltage-
transter characteristics of the output stage for several values
of load resistance.

Wideband Noise

From the standpoint of low-noise performance consider-
ations, the use of the CA3130 is most advantageous in appli-
cations where in the source resistance of the input signal is
on the order of 1MQ or more. In this case, the total input-
referred noise voltage is typically only 23uV when the test-
circuit amplifier of Figure 7 is operated at a total supply volt-
age of 15V. This value of total input-referred noise remains
essentially constant, even though the value of source resis-
tance is raised by an order of magnitude. This characteristic
is due to the fact that reactance of the input capacitance
becomes a significant factor in shunting the source resis-
tance. It should be noted, however, that for values of source
resistance very much greater than 1MQ, the total noise volt-
age generated can be dominated by the thermal noise con-
tributions of both the feedback and source resistors.

+7.5V

NOISE
p—o0 VOLTAGE
OUTPUT

$30.1kQ
>

BW (-3dB) = 200kHz Ska
TOTAL NOISE VOLTAGE (REFERRED
TO INPUT) = 23,V (TYP) =
FIGURE 7. TEST-CIRCUIT AMPLIFIER (30-dB GAIN) USED
FOR WIDEBAND NOISE MEASUREMENTS
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Typical Applications

Voltage Followers

Operational amplifiers with very high input resistances, like
the CA3130, are particularly suited to service as voltage
followers. Figure 8 shows the circuit of a classical voltage fol-
lower, together with pertinent waveforms using the CA3130
in a split-supply configuration.

A voltage follower, operated from a single supply, is shown in
Figure 9, together with related waveforms. This follower cir-
cuit is linear over a wide dynamic range, as illustrated by the
reproduction of the output waveform in Figure 9A with input-
signal ramping. The waveforms in Figure 9B show that the
follower does not lose its input-to-output phase-sense, even
though the input is being swung 7.5V below ground poten-
tial. This unique characteristic is an important attribute in
both operational amplifier and comparator applications. Fig-
ure 9B also shows the manner in which the CMOS output
stage permits the output signal to swing down to the nega-
tive supply-rail potential (i.e., ground in the case shown). The
digital-to-analog converter (DAC) circuit, described later,
illustrates the practical use of the:.CA3130 in a single-supply
voltage-follower application.

9-Bit CMOS DAC

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)
is shown in Figure 10. This system combines the concepts of
multiple-switch CMOS ICs, a low-cost ladder network of dis-
crete metal-oxide-film resistors, a CA3130 op amp con-
nected as a follower, and an inexpensive monolithic
regulator in a simple single power-supply arrangement. An
additional feature of the DAC is that it is readily interfaced
with CMOS input logic, e.g., 10V logic levels are used in the
circuit of Figure 10.

The circuit uses an R/2R voltage-ladder network, with the
output potential obtained directly by terminating the ladder
arms at either the positive or the negative power-supply ter-
minal. Each CD4007A contains three ‘“inverters’, each
“inverter” functioning as a single-pole double-throw switch to
terminate an arm of the R/2R network at either the positive
or negative power-supply terminal. The resistor ladder is an
assembly of 1% tolerance metal-oxide film resistors. The five
arms requiring the highest accuracy are assembled with
series and parallel combinations of 806,000Q resistors from
the same manufacturing lot.

A single 15V supply provides a positive bus for the CA3130
follower amplifier and feeds the CA3085 voltage regulator. A
“scale-adjust” function is provided by the regulator output
control, set to a nominal 10V level in this system. The line-
voltage regulation (approximately 0.2%) permits a 9-bit
accuracy to be maintained with variations of several volts in
the supply. The flexibility afforded by the CMOS building
blocks simplifies the design of DAC systems tailored to par-
ticular needs.

Single-Supply, Absolute-Value, ideal Full-Wave Rectifier

The absolute-value circuit using the CA3130 is shown in
Figure 11. During positive excursions, the input signal is fed
through the feedback network directly to the output.
Simultaneously, the positive excursion of the input signal
also drives the output terminal (No. 6) of the inverting
amplifier in a negative-going excursion such that the 1N914
diode effectively disconnects the amplifier from the signal
path. During a negative-going excursion of the input signal,
the CA3130 functions as a normal inverting amplifier with a
gain equal to -Ry/R4. When the equality of the two equations
shown in Figure 11 is satisfied, the full-wave output is
symmetrical. -

Peak Detectors

Peak-detector circuits are easily implemented with the
CA3130, as illustrated in Figure 12 for both the peak-positive
and the peak-negative circuit. It should be noted that with
large-signal inputs, the bandwidth of the peak-negative cir-
cuit is much less than that of the peak-positive circuit. The
second stage of the CA3130 limits the bandwidth in this
case. Negative-going output-signal excursion requires a pos-
itive-going signal excursion at the collector of transistor Q4 1,
which is loaded by the intrinsic capacitance of the associ-
ated circuitry in this mode. On the other hand, during a neg-
ative-going signal excursion at the collector of Qq4, the
transistor functions in an active “pull-down” mode so that the
intrinsic capacitance can be discharged more expeditiously.
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Top Trace: Output

: FIGURE 9A. OUTPUT WAVEFORM WITH INPUT SIGNAL
Center Trace: Input RAMPING (2V/DIV., 500ps/DIV.)
FIGURE 8A. SMALL-SIGNAL RESPONSE (50mV/DIV.,
200ns/DIV.)

Top Trace: Output Signal; 2V/Div., 5us/Div.

Top Trace:Output; 5V/Div., 200ps/Div.
Center Trace: Difference Signa; 5mV/Div., 5us/Div. Bottom Trace:Input Signal; 5V/Div., 200us/Div.
Bottom Trace: Input Signal; 2V/Div., 5us/Div.
FIGURE 9B. OUTPUT WAVEFORM WITH GROUND
FIGURE 8B. INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING REFERENCE SINE-WAVE INPUT
bsbolbiyel il m‘g&;’l‘g’; FIGURE 9. SINGLE SUPPLY VOLTAGE FOLLOWER WITH
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN
FIGURE 8. SPLIT SUPPLY VOLTAGE FOLLOWER WITH SINGLE-SUPPLY D/A CONVERTER; SEE FIGURE 9

ASSOCIATED WAVEFORMS IN AN6080)
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FIGURE 11. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL-WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS
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FIGURE 12, PEAK-DETECTOR CIRCUITS
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FIGURE 14. VOLTAGE REGULATOR CIRCUIT (0.1V TO 50V AT 1A)

Error-Amplifier in Regulated-Power Supplies

The CA3130 is an ideal choice for error-amplifier service in
regulated power supplies since it can function as an error-
amplifier when the regulated output voltage is required to
approach zero. Figure 13 shows the schematic diagram of a
40mA power supply capable of providing regulated output
voltage by continuous adjustment over the range from 0V to
13V. Q3 and Qg in IC, (a CA3086 transistor-array IC) func-
tion as zeners to provide supply-voltage for the. CA3130
comparator (IC4). Q1, Qp, and Qg in IC5 are configured as a
low impedance, temperature-compensated source of adjust-
able reference voltage for the error amplifier. Transistors Q,
Qop, Qz, and Qg in IC3 (another CA3086 transistor-array IC)
are connected in parallel as the series-pass element. Tran-
sistor Qg in IC3 functions as a current-limiting device by
diverting base drive from the series-pass transistors, in
accordance with the adjustment of resistor Rp.

Figure 14 contains the schematic diagram of a regulated
power-supply capable of providing regulated output voltage
by continuous adjustment over the range from 0.1V to 50V
and currents up to 1A. The error amplifier (IC1) and circuitry
associated with ICo function as previously described,
although the output of IC1 is boosted by a discrete transistor
(Qq4) to provide adequate base drive for the Darlington-con-
nected series-pass transistors Q4, Qp. Transistor Q3 func-
tions in the previously described current-limiting circuit.

Mulitivibrators

The exceptionally high input resistance presented by the
CA3130 is an attractive feature for multivibrator circuit
design because it permits the use of timing circuits with high
R/C ratios. The circuit diagram of a pulse generator (astable
multivibrator), with provisions for independent control of the
“on” and “off” periods, is shown in Figure 15. Resistors R
and Ry are used to bias the CA3130 to the mid-point of the
supply-voltage and Rg is the feedback resistor. The pulse
repetition rate is selected by positioning S to the desired
position and the rate remains essentially constant when the
resistors which determine “on-period” and “off-period” are
adjusted.

Function Generator

Figure 16 contains a schematic diagram of a function genera-
tor using the CA3130 in the integrator and threshold detector
functions. This circuit generates a triangular or square-wave
output that can be swept over a 1,000,000:1 range (0.1Hz to
100kHz) by means of a single control, Ry. A voltage-control
input is also available for remote sweep-control.

The heart of the frequency-determining system is an opera-
tional-transconductance-amplifier (OTA) (see Note 10), ICq,
operated as a voltage-controlled current-source. The output,
lo, is a current applied directly to the integrating capacitor, C1,
in the feedback loop of the integrator IC, using a CA3130, to
provide the triangular-wave output. Potentiometer Ry is used
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to adjust the circuit for slope symmetry of positive-going and
negative-going signal excursions.

Another CA3130, ICg, is used as a controlled switch to set
the excursion limits of the triangular output from the integra-
tor circuit. Capacitor Cy is a “peaking adjustment” to opti-
mize the high-frequency square-wave performance of the
circuit.

Potentiometer R3 is adjustable to perfect the “amplitude
symmetry” of the square-wave output signals. Output from
the threshold detector is fed back via resistor R4 to the input
of IC¢ so as to toggle the current source from plus to minus
in generating the linear triangular wave.

Operation with Output-Stage Power-Booster

The current-sourcing and-sinking capability of the CA3130
output stage is easily supplemented to provide power-boost
capability. In the circuit of Figure 17, three CMOS transistor-
pairs in a single CA3600E (see Note 12) IC array are shown
parallel connected with the output stage in the CA3130. In
the Class A mode of CA3600E shown, a typical device con-
sumes 20mA of supply current at 15V operation. This
arrangement boosts the current-handling capability of the
CA3130 output stage by about 2.5X.

The amplifier circuit in Figure 17 employs feedback to estab-
lish a closed-loop gain of 48dB. The typical large-signal
bandwidth (-3dB) is 50kHz.

NOTE:
9. See file number 619 for technical information.
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FIGURE 15. PULSE GENERATOR (ASTABLE MULTIVIBRATOR)
WITH PROVISIONS FOR INDEPENDENT CONTROL
OF “ON” AND “OFF” PERIODS
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10. See file number 475 and AN6668 for technical information.
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FIGURE 16. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL)
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510kQ
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NOTES:
11. Transistors Qp4, Qpp, Qpz and Qy1, Qng, Qng are parallel connected with Qg and Q42, respectively, of the CA3130.
12. See file number 619.

FIGURE 17. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3130

OPERATIONAL
AMPLIFIERS

Typical Performance Curves
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Typical Performance Curves (Continued)
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4.5MHz, BiMOS Operational Amplifier
with MOSFET Input/Bipolar Output

Features

* MOSFET Input Stage
- Very High Input Impedance (Zjy) -1.5TQ (Typ)
- Very Low Input Current (I}) -10pA (Typ) at +15V

- Wide Common Mode Input Voltage Range (V|cg) - Can
be Swung 0.5V Below Negative Supply Voltage Rail

- Output Swing Complements Input Common Mode
Range

* Directly Replaces Industry Type 741 in Most
Applications

Applications

* Ground-Referenced Single Supply Amplifiers in Auto-
mobile and Portable Instrumentation

Sample and Hold Amplifiers

* Long Duration Timers/Multivibrators
(useconds-Minutes-Hours)

Photocurrent Instrumentation
¢ Peak Detectors
Active Filters

e Comparators

Description

The CA3140A and CA3140 are integrated circuit operational ampli- .

fiers that combine the advantages of high voltage PMOS transis-
tors with high voltage bipolar transistors on a single monolithic chip.

The CA3140A and CA3140 BiIMOS operational amplifiers feature
gate protected MOSFET (PMOS) transistors in the input circuit to
provide very high input impedance, very low input current, and
high speed performance. The CA3140A and CA3140 operate at
supply voltage from 4V to 36V (either single or dual supply).
These operational amplifiers are internally phase compensated to
achieve stable operation in unity gain follower operation, and
additionally, have access terminal for a supplementary external
capacitor if additional frequency roll-off is desired. Terminals are
also provided for use in applications requiring input offset voltage
nulling. The use of PMOS field effect transistors in the input stage
results in common mode input voltage capability down to 0.5V
below the negative supply terminal, an important attribute for sin-
gle supply applications. The output stage uses bipolar transistors
and includes built-in protection against damage from load termi-
nal short circuiting to either supply rail or to ground.

The CA3140 Series has the same 8-lead pinout used for the “741”
and other industry standard op amps. The CA3140A and CA3140
are intended for operation at supply voltages up to 36V (+18V).

Ordering Information

¢ Interface in 5V TTL Systems and Other Low PART NUMBER TEMP. PKG.
Supply Voltage Systems (BRAND) RANGE (°C) PACKAGE NO.
¢ All Standard Operational Amplifier Applications CA3140AE -551t0 125 |8 Ld PDIP E8.3
° Funcﬁon Generators CA3140AM -55 to 125 8 Ld SOIC M8.15
Tone Controfs (3140A)
« Tone Control
b Suopii CA3140AS 5510125 |8 Pin Metal Can | T8.C
L]
ower Supplies CAB140AT 5510 125 |8 Pin Metal Can | T8.C
* Portable Instruments CA3140E 55t0125 |8 LdPDIP E8.3
* Intrusion Alarm Systems CA3140M 5510 125 |8 Ld SOIC M8.15
(3140)
CA3140M96 -55t0 125 |8 Ld SOIC Tape
(3140) and Reel
CA3140T -55t0 125 |8 Pin Metal Can T8.C
Pinouts
CA3140 (METAL CAN) CA3140 (PDIP, SOIC)
TOP VIEW TOP VIEW
TAB
STROBE OFFSET ¥ 8] strose
OFFSET (73 ) v+ NULL
NULL INV.INPUT [2] \ [7] v+
INV. (2) (6) outPut NON-INV. >_|_
INPUT ooy L3 (6] outpur
NON-INV. OFFSET I3 OFFSET
INPUT © © NULL v[4] 5§ NuLL

V- AND CASE

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996
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Absolute Maximum Ratings

DC Supply Voltage (Between V+ and V- Terminals). . ........ 36V
Differential Mode Input Voltage. .. ........................ 8V
DCinputVoltage ...................... (V+ +8V) To (V- -0.5V)
Input Terminal Current . .............. . cooiviiie.,. 1mA
Output Short Circuit Duration (Note 2). . .............. Indefinite

Operating Conditions

Temperature Range -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 1) 84a (°C/W)  8y¢ (°C/W)

PDIPPackage ................... 100 N/A

SOICPackage................... 160 N/A

Metal Can Package . .............. 170 85
Maximum Junction Temperature (Metal Can Package) .. ..... 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range . ........ -65°C to 150°C
Maximum 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.

NOTES:

1. 8y is measured with the component mounted on an evaluation PC board in free air.

2. Short circuit may be applied to ground or to either supply.

Electrical Specifications  VgyppLy =15V, Tp = 25°C

TYPICAL VALUES
PARAMETER SYMBOL TEST CONDITIONS CA3140 | CA3140A| UNITS
Input Offset Voltage Adjustment Resistor Typical Value of Resistor 4.7 18 kQ
Between Terminals 4 and 5 or
4 and 1 to Adjust Max V|g
Input Resistance Ry 1.5 15 TQ
Input Capacitance C 4 4 pF
Output Resistance Ro 60 60 Q
Equivalent Wideband Input Noise Voltage, (See Figure 27) en BW = 140kHz, Rg = 1MQ 48 48 nv
Equivalent Input Noise Voltage (See Figure 35) eN Rg = 100Q f=1kHz 40 40 nVANHz
f=10kHz 12 12 nVAHz
Short Circuit Current to Opposite Supply lom+ Source 40 40 mA
lom- Sink 18 18 mA
Gain-Bandwidth Product, (See Figures 6, 30) fr 4.5 45 MHz
Slew Rate, (See Figure 31) SR 9 9 Vius
Sink Current From Terminal 8 To Terminal 4 to Swing Output Low 220 220 pA
Transient Response (See Figure 28) t Ry = 2kQ Rise Time 0.08 0.08 us
os |CL=100PF  Tovershoot | 10 10 %
Settling Time at 10Vp_p, (See Figure 5) ts R = 2kQ To imV 4.5 45 us
Srl;l’r;g;: 22::ower To 10mV 14 14 [
Electrical Specifications  For Equipment Design, at Vgyppyy = +15V, Tp = 25°C, Unless Otherwise Specified
CA3140 CA3140A
PARAMETER SYMBOL] MIN TYP MAX MIN TYP MAX | UNITS
Input Offset Voltage \% - 5 15 - 2 5 mV
Input Offset Current ol - 0.5 30 - 0.5 20 pA
Input Current Iy - 10 50 - 10 40 pA
Large Signal Voltage Gain (Note 3) AoL 20 100 - 20 100 - kVIV
(See Figures 6, 29) 86 100 N 86 100 N 9B
Common Mode Rejection Ratio CMRR - 32 320 - 32 320 uvnNv
(See Figure 34) 70 90 - 70 9 - dB
Common Mode Input Voltage Range (See Figure 8)]  V|cr -16 |-155t0+125| 11 -15  |-1565t0+125| 12 \Y
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Electrical Specifications  For Equipment Design, at Vgppyy = £15V, T = 25°C, Unless Otherwise Specified (Continued)
CA3140 CA3140A
PARAMETER SYMBOL| MIN TYP MAX MIN TYP MAX ] UNITS
Power-Supply Rejection Ratio, PSRR - 100 150 - 100 150 uvwv
AV|o/AVg (See Figure 36) 76 80 N 76 80 N B
Max Output Voltage (Note 4) Vom+ +12 13 - +12 13 - \
(See Figures 2, ) Vom- | -14 -14.4 . -14 -14.4 . v
Supply Current (See Figure 32) I+ - 4 6 - 4 6 mA
Device Dissipation Pp - 120 180 - 120 180 mw
Input Offset Voltage Temperature Drift AV|o/AT - 8 - - 6 - uv/rec
NOTES:
3. AtVg =26Vp_p, +12V, -14V and R|_ = 2kQ.
4. AtR = 2kQ.
Electrical Specifications For Design Guidance At V+ = 5V, V- = 0V, T = 25°C
TYPICAL VALUES
PARAMETER SYMBOL CA3140 CA3140A UNITS
Input Offset Voltage Vol 5 2 mV
Input Offset Current ol 0.1 0.1 pA
Input Current I 2 2 pA
Input Resistance R 1 1 TQ
Large Signal Voltage Gain (See Figures 6, 29) AoL 100 100 kV/V
100 100 dB
Common Mode Rejection Ratio CMRR 32 32 nvNV
90 90 dB
Common Mode Input Voltage Range (See Figure 8) Vicr -0.5 -0.5 \
2.6 2.6 \
Power Supply Rejection Ratio PSRR 100 100 uvnN
AVi/aVs 80 80 dB
Maximum Output Voltage (See Figures 2, 8) Vom+ 3 3
Voum- 0.13 0.13 v
Maximum Output Current: Source lom+ 10 10 mA
Sink lom- 1 1 mA
Slew Rate (See Figure 31) SR 7 7 Vius
Gain-Bandwidth Product (See Figure 30) fr 3.7 3.7 MHz
Supply Current (See Figure 32) I+ 1.6 1.6 mA
Device Dissipation Pp 8 8 mwW
Sink Current from Terminal 8 to Terminal 4 to Swing Output Low 200 200 uA
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Block Diagram
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Application Information

Circuit Description

As shown in the block diagram, the input terminals may be
operated down to 0.5V below the negative supply rail. Two
class A amplifier stages provide the voltage gain, and a
unique class AB amplifier stage provides the current gain
necessary to drive low-impedance loads.

A biasing circuit provides control of cascoded constant current
flow circuits in the first and second stages. The CA3140
includes an on chip phase compensating capacitor that is
sufficient for the unity gain voltage follower configuration.

Input Stage

The schematic diagram consists of a differential input stage
using PMOS field-effect transistors (Qg, Q1g) working into a
mirror pair of bipolar transistors (Q14, Q12) functioning as load
resistors together with resistors Ry through Rs. The mirror pair
transistors also function as a differential-to-single-ended
converter to provide base current drive to the second stage
bipolar transistor (Qq3). Offset nulling, when desired, can be
effected with a 10kQ potentiometer connected across
Terminals 1 and 5 and with its slider arm connected to Terminal
4. Cascode-connected bipolar transistors Qp, Qs are the
constant current source for the input stage. The base biasing
circuit for the constant current source is described
subsequently. The small diodes D3, Dy4, D5 provide gate oxide
protection against high voltage transients, e.g., static electricity.

Second Stage

Most of the voltage gain in the CA3140 is provided by the
second amplifier stage, consisting of bipolar transistor Q13
and its cascode connected load resistance provided by
bipolar transistors Qgz, Q4. On-chip phase compensation,
sufficient for a majority of the applications is provided by C4.
Additional Miller-Effect compensation (roll off) can be
accomplished, when desired, by simply connecting a small
capacitor between Terminals 1 and 8. Terminal 8 is also
used to strobe the output stage into quiescence. When
terminal 8 is tied to the negative supply rail (Terminal 4) by
mechanical or electrical means, the output Terminal 6
swings low, i.e., approximately to Terminal 4 potential.

Output Stage

The CA3140 Series circuits employ a broad band output stage
that can sink loads to the negative supply to complement the
capability of the PMOS input stage when operating near the
negative rail. Quiescent current in the emitter-follower cascade
circuit (Q17, Qqg) is established by transistors (Qq4, Q15)
whose base currents are “mirrored” to current flowing through
diode Dy in the bias circuit section. When the CA3140 is
operating such that output Terminal 6 is sourcing current,
transistor Q4g functions as an emitter-follower to source current
from the V+ bus (Terminal 7), via D7, Rg, and Ry{. Under these
conditions, the collector potential of Q43 is sufficiently high to
permit the necessary flow of base current to emitter follower
Qq7 which, in turn, drives Qqg.

When the CA3140 is operating such that output Terminal 6 is
sinking current to the V- bus, transistor Qqg is the current
sinking element. Transistor Q4g is mirror connected to Dg, R,

with current fed by way of Qz1, R12, and Qgp. Transistor Qpg, in
turn, is biased by current flow through R43, zener Dg, and R14.
The dynamic current sink is controlled by voltage level sensing.
For purposes of explanation, it is assumed that output Terminal
6 is quiescently established at the potential midpoint between
the V+ and V- supply rails. When output current sinking mode
operation is required, the collector potential of transistor Q13 is
driven below its quiescent level, thereby causing Qy7, Q4g to
decrease the output voltage at Terminal 6. Thus, the gate
terminal of PMOS transistor Q1 is displaced toward the V- bus,
thereby reducing the channel resistance of Qp¢. As a
consequence, there is an incremental increase in current flow
through Qgp, Ry2, Q21, Dg, R7, and the base of Q6. As a
result, Qq¢g sinks current from Terminal 6 in direct response to
the incremental change in output voltage caused by Qqg. This
sink current flows regardless of load; any excess current is
internally supplied by the emitter-follower Qqg. Short circuit
protection of the output circuit is provided by Qqg, which is
driven into conduction by the high voltage drop developed
across Rq¢ under output short circuit conditions. Under these
conditions, the collector of Q1g diverts current from Q4 so as to
reduce the base current drive from Q7, thereby limiting current
flow in Q1g to the short circuited load terminal.

Bias Circuit

Quiescent current in all stages (except the dynamic current
sink) of the CA3140 is dependent upon bias current flow in Ry.
The function of the bias circuit is to establish and maintain
constant current flow through Dy, Qg, Qg and Do. D4 is a diode
connected transistor mirror connected in parallel with the base
emitter junctions of Q4, Q2, and Q3. D1 may be considered as a
current sampling diode that senses the emitter current of Qg
and automatically adjusts the base current of Qg (via Q1) to
maintain a constant current through Qg, Qg, Do. The base
currents in Qp, Qg are also determined by constant current flow
Dq. Furthermore, current in diode connected transistor Qp
establishes the currents in transistors Q14 and Q5.

Typical Applications

Wide dynamic range of input and output characteristics with
the most desirable high input impedance characteristics is
achieved in the CA3140 by the use of an unique design based
upon the PMOS Bipolar process. Input common mode voltage
range and output swing capabilites are complementary,
allowing operation with the single supply down to 4V.

The wide dynamic range of these parameters also means
that this device is suitable for many single supply applica-
tions, such as, for example, where one input is driven below
the potential of Terminal 4 and the phase sense of the output
signal must be maintained — a most important consideration
in comparator applications.

Output Circuit Considerations

Excellent interfacing with TTL circuitry is easily achieved with a
single 6.2V zener diode connected to Terminal 8 as shown in
Figure 1. This connection assures that the maximum output sig-
nal swing will not go more positive than the zener voltage minus
two base-to-emitter voltage drops within the CA3140. These
voltages are independent of the operating supply voltage.
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FIGURE 2. VOLTAGE ACROSS OUTPUT TRANSISTORS (Q5
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Figure 2 shows output current sinking capabilities of the
CA3140 at various supply voltages. Output voltage swing to
the negative supply rail permits this device to operate both
power transistors and thyristors directly without the need for
level shifting circuitry usually associated with the 741 series
of operational amplifiers.

Figure 4 shows some typical configurations. Note that a
series resistor, R|, is used in both cases to limit the drive
available to the driven device. Moreover, it is recommended
that a series diode and shunt diode be used at the thyristor
input to prevent large negative transient surges that can
appear at the gate of thyristors, from damaging the
integrated circuit.

Offset Voltage Nulling

The input offset voltage can be nulled by connecting a 10kQ
potentiometer between Terminals 1 and 5 and returning its
wiper arm to terminal 4, see Figure 3A. This technique, how-
ever, gives more adjustment range than required and there-
fore, a considerable portion of the potentiometer rotation ‘is
not fully utilized. Typical values of series resistors (R) that
may be placed at either end of the potentiometer, see Figure
3B, to optimize its utilization range are given in the Electrical
Specifications table.

An alternate system is shown in Figure 3C. This circuit uses
only one additional resistor of approximately the value
shown in the table. For potentiometers, in which the resis-
tance does not drop to 0Q2 at either end of rotation, a value of
resistance 10% lower than the values shown in the table
should be used.

Low Voltage Operation

Operation at total supply voltages as low as 4V is possible
with the CA3140. A current regulator based upon the PMOS
threshold voltage maintains reasonable constant operating
current and hence consistent performance down to these
lower voltages.

The low voltage limitation occurs when the upper extreme of
the input common mode voltage range extends down to the
voltage at Terminal 4. This limit is reached at a total supply
voltage just below 4V. The output voltage range also begins to
extend down to the negative supply rail, but is slightly higher
than that of the input. Figure 8 shows these characteristics and
shows that with 2V dual supplies, the lower extreme of the input
common mode voltage range is below ground potential.

FIGURE 3A. BASIC

FIGURE 3B. IMPROVED RESOLUTION

> V- R -V~

FIGURE 3C. SIMPLER IMPROVED
RESOLUTION

FIGURE 3. THREE OFFSET VOLTAGE NULLING METHODS
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FIGURE 5B. TEST CIRCUITS

FIGURE 5. SETTLING TIME vs INPUT VOLTAGE

Bandwidth and Slew Rate

For those cases where bandwidth reduction is desired, for
example, broadband noise reduction, an external capacitor
connected between Terminals 1 and 8 can reduce the open
loop -3dB bandwidth. The slew rate will, however, also be
proportionally reduced by using this additional capacitor.
Thus, a 20% reduction in bandwidth by this technique will
also reduce the slew rate by about 20%.

Figure 5 shows the typical settling time required to reach
1mV or 10mV of the final value for various levels of large
signal inputs for the voltage follower and inverting unity gain
amplifiers. The exceptionally fast settling time characteristics
are largely due to the high combination of high gain and wide
bandwidth of the CA3140; as shown in Figure 6.

Input Circuit Considerations

As mentioned previously, the amplifier inputs can be driven
below the Terminal 4 potential, but a series current limiting
resistor is recommended to limit the maximum input terminal
current to less than 1mA to prevent damage to the input pro-
tection circuitry.

Moreover, some current limiting resistance should be
provided between the inverting input and the output when
the CA3140 is used as a unity gain voltage follower. This
resistance prevents the possibility of extremely large input
signal transients from forcing a signal through the input
protection network and directly driving the internal constant
current source which could result in positive feedback via the
output terminal. A 3.9kQ2 resistor is sufficient.
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The typical input current is on the order of 10pA when the
inputs are centered at nominal device dissipation. As the
output supplies load current, device dissipation will increase,
raising the chip temperature and resulting in increased input
current. Figure 7 shows typical input terminal current versus
ambient temperature for the CA3140.

It is well known that MOSFET devices can exhibit slight
changes in characteristics (for example, small changes in
input offset voltage) due to the application of large differen-
tial input voltages that are sustained over long periods at ele-
vated temperatures.

Both applied voltage and temperature accelerate these
changes. The process is reversible and offset voltage shifts of
the opposite polarity reverse the offset. Figure 9 shows the
typical offset voltage change as a function of various stress
voltages at the maximum rating of 125°C (for metal can); at
lower temperatures (metal can and plastic), for example, at
85°C, this change in voltage is considerably less. In typical lin-
ear applications, where the differential voltage is small and
symmetrical, these incremental changes are of about the

same magnitude as those encountered in an operational
amplifier employing a bipolar transistor input stage.

7
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FIGURE 9. TYPICAL INCREMENTAL OFFSET VOLTAGE
SHIFT vs OPERATING LIFE
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Super Sweep Function Generator

A function generator having a wide tuning range is shown in
Figure 10. The 1,000,000/1 adjustment range is accom-
plished by a single variable potentiometer or by an auxiliary
sweeping signal. The CA3140 functions as a non-inverting
readout amplifier of the triangular signal developed across
the integrating capacitor network connected to the output of
the CA3080A current source.

Buffered triangular output signals are then applied to a sec-
ond CA3080 functioning as a high speed hysteresis switch.
Output from the switch is returned directly back to the input
of the CA3080A current source, thereby, completing the pos-
itive feedback loop

The triangular output level is determined by the four 1N914
level limiting diodes of the second CA3080 and the resistor
divider network connected to Terminal No. 2 (input) of the
CA3080. These diodes establish the input trip level to this
switching stage and, therefore, indirectly determine the
amplitude of the output triangle.

Compensation for propagation delays around the entire loop
is provided by one adjustment on the input of the CA3080.
This adjustment, which provides for a constant generator
amplitude output, is most easily made while the generator is
sweeping. High frequency ramp linearity is adjusted by the
single 7pF to 60pF capacitor in the output of the CA3080A.

It must be emphasized that only the CA3080A is
characterized for maximum output linearity in the current
generator function.

Meter Driver and Buffer Amplifier

Figure 11 shows the CA3140 connected as a meter driver
and buffer amplifier. Low driving impedance is required of
the CA3080A current source to assure smooth operation of
the Frequency Adjustment Control. This low-driving
impedance requirement is easily met by using a CA3140
connected as a voltage follower. Moreover, a meter may be
placed across the input to the CA3080A to give a logarithmic
analog indication of the function generator’s frequency.

Analog frequency readout is readily accomplished by the
means described above because the output current of the
CAB3080A varies approximately one decade for each 60mV
change in the applied voltage, Vagc (voltage between
Terminals 5 and 4 of the CA3080A of the function generator).
Therefore, six decades represent 360mV change in Vagc.

Now, only the reference voltage must be established to set
the lower limit on the meter. The three remaining transistors
from the CA3086 Array used in the sweep generator are
used for this reference voltage. In addition, this reference
generator arrangement tends to track ambient temperature
variations, and thus compensates for the effects of the nor-
mal negative temperature coefficient of the CA3080A Vagc
terminal voltage.

Another output voltage from the reference generator is used
to insure temperature tracking of the lower end of the
Frequency Adjustment Potentiometer. A large series
resistance simulates a current source, assuring similar
temperature coefficients at both ends of the Frequency
Adjustment Control.

To calibrate this circuit, set the Frequency Adjustment
Potentiometer at its low end. Then adjust the Minimum
Frequency Calibration Control for the lowest frequency. To
establish the upper frequency limit, set the Frequency
Adjustment Potentiometer to its upper end and then adjust
the Maximum Frequency Calibration Control for the
maximum frequency. Because there is interaction among
these controls, repetition of the adjustment procedure may
be necessary. Two adjustments are used for the meter. The
meter sensitivity control sets the meter scale width of each
decade, while the meter position control adjusts the pointer
on the scale with negligible effect on the sensitivity
adjustment. Thus, the meter sensitivity adjustment control
calibrates the meter so that it deflects 1/6 of full scale for
each decade change in frequency.

Sine Wave Shaper

The circuit shown in Figure 12 uses a CA3140 as a voltage
follower in combination with diodes from the CA3019 Array
to convert the triangular signal from the function generator to
a sine-wave output signal having typically less than 2% THD.
The basic zero crossing slope is established by the 10kQ
potentiometer connected between Terminals 2 and 6 of the
CA3140 and the 9.1kQ resistor and 10kQ potentiometer
from Terminal 2 to ground. Two break points are established
by diodes D4 through D4. Positive feedback via D5 and Dg
establishes the zero slope at the maximum and minimum
levels of the sine wave. This technique is necessary because
the voltage follower configuration approaches unity gain
rather than the zero gain required to shape the sine wave at
the two extremes.
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FIGURE 10A. CIRCUIT

Top Trace: Output at junction of 2.7Q and 51Q resistors;
5V/Div., 500ms/Div.

Center Trace: External output of triangular function generator;
2V/Div., 500ms/Div.

Bottom Trace: Output of “Log” generator; 10V/Div., 500ms/Div.
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asymmetry at the three second/cycle signal. This asymmetry is due to
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and from the PC board and component leakages at the 100pA level.
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T

This circuit can be adjusted most easily with a distortion
analyzer, but a good first approximation can be made by
comparing the output signal with that of a sine wave
generator. The initial slope is adjusted with the
potentiometer Ry, followed by an adjustment of R. The final
slope is established by adjusting Rg, thereby adding
additional segments that are contributed by these diodes.
Because there is some interaction among these controls,
repetition of the adjustment procedure may be necessary.

Sweeping Generator

Figure 13 shows a sweeping generator. Three CA3140s are
used in this circuit. One CA3140 is used as an integrator, a
second device is used as a hysteresis switch that. deter-
mines the starting and stopping points of the sweep. A third
CA3140 is used as a logarithmic shaping network for the log
function. Rates and slopes, as well as sawtooth, triangle,
and logarithmic sweeps are generated by this circuit.

Wideband Output Amplifier

Figure 14 shows a high slew rate, wideband amplifier
suitable for use as a 50Q transmission line driver. This
circuit, when used in conjunction with the function generator
and sine wave shaper circuits shown in Figures 10 and 12
provides 18Vp_p output open circuited, or 9Vp_p output
when terminated in 50Q. The slew rate required of this
amplifier is 28V/us (18Vp_p x 7 x 0.5MHz).

SIGNAL
LEVEL
ADJUSTMENT
25kQ
200Q
OUTPUT

DC LEVEL 4 415v -4
ADJUSTMENT 340 2pF
—Wre

-15V

ZWQ:E NOMINAL BANDWIDTH = 10MHz

t,=35ns

FIGURE 14. WIDEBAND OUTPUT AMPLIFIER
Power Supplies

High input impedance, common mode capability down to the
negative supply and high output drive current capability are
key factors in the design of wide range output voltage
supplies that use a single input voltage to provide a
regulated output voltage that can be adjusted from
essentially OV to 24V.

Unlike many regulator systems using comparators having a
bipolar transistor input stage, a high impedance reference
voltage divider from a single supply can be used in
connection with the CA3140 (see Figure 15).

&
$
VOLTAGE

ADJUSTMENT

REFERENCE
VOLTAGE

INPUT

Y
[+

FIGURE 15. BASIC SINGLE SUPPLY VOLTAGE REGULATOR
SHOWING VOLTAGE FOLLOWER CONFIGURATION

Essentially, the regulators, shown in Figures 16 and 17, are
connected as non inverting power operational amplifiers with
a gain of 3.2. An 8V reference input yields a maximum out-
put voltage slightly greater than 25V. As a voltage follower,
when the reference input goes to OV the output will be OV.
Because the offset voltage is also multiplied by the 3.2 gain
factor, a potentiometer is needed to null the offset voltage.

Series pass transistors with high Icgo levels will also pre-
vent the output voltage from reaching zero because there is
a finite voltage drop (Vggsar) across the output of the
CA3140 (see Figure 2). This saturation voltage level may
indeed set the lowest voltage obtainable.

The high impedance presented by Terminal 8 is advanta-
geous in effecting current limiting. Thus, only a small signal
transistor is required for the current-limit sensing amplifier.
Resistive decoupling is provided for this transistor to mini-
mize damage to it or the CA3140 in the event of unusual
input or output transients on the supply rail.

Figures 16 and 17, show circuits in which a D2201 high
speed diode is used for the current sensor. This diode was
chosen for its slightly higher forward voltage drop character-
istic, thus giving greater sensitivity. It must be emphasized
that heat sinking of this diode is essential to minimize varia-
tion of the current trip point due to internal heating of the
diode. That is, 1A at 1V forward drop represents one watt
which can result in significant regenerative changes in the
current trip point as the diode temperature rises. Placing the
small signal reference amplifier in the proximity of the current
sensing diode also helps minimize the variability in the trip
level due to the negative temperature coefficient of the
diode. In spite of those limitations, the current limiting point
can easily be adjusted over the range from 10mA to 1A with
a single adjustment potentiometer. If the temperature stabil-
ity of the current limiting system is a serious consideration,
the more usual current sampling resistor type of circuitry
should be employed.

A power Darlington transistor (in a metal can with heatsink), is
used as the series pass element for the conventional current lim-
iting system, Figure 16, because high power Darlington dissipa-
tion will be encountered at low output voltage and high currents.

A small heat sink VERSAWATT transistor is used as the
series pass element in the fold back current system, Figure
17, since dissipation levels will only approach 10W. In this
system, the D2201 diode is used for current sampling. Fold-
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back is provided by the 3kQ and 100k divider network con-
nected to the base of the current sensing transistor.

2N6385 CURRENT
POWER DARLINGTON LIMITING
L  ADJUST OUTPUT
0.1 24V

+30Ve

INPUT
.
A‘i"{";'vST - 250uF
100k
0.01uF%
HUM AND NOISE OUTPUT <200Vrms LOAD REGULATION

(MEASUREMENT BANDWIDTH ~10MHz)

(NO LOAD TO FULL LOAD)
LINE REGULATION 0.1%/V <0.02%

FIGURE 16. REGULATED POWER SUPPLY
, QUTPUT = 0V TO 25V
“FOLDBACK” CURRENT
25V AT 1A
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30V
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<L +
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VOLTAGE "ﬂ
ADJUST L 250uF
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(MEASUREMENT BANDWIDTH ~10MHz)  (NO LOAD TO FULL LOAD)
LINE REGULATION 0.1%/V <0.02%

FIGURE 17. REGULATED POWER SUPPLY WITH “FOLDBACK”
CURRENT LIMITING

Both regulators provide better than 0.02% load regulation.
Because there is constant loop gain at all voltage settings, the
regulation also remains constant. Line regulation is 0.1% per
volt. Hum and noise voltage is less than 200pV as read with a
meter having a 10MHz bandwidth.

Figure 18A shows the turn ON and turn OFF characteristics
of both regulators. The slow turn on rise is due to the slow
rate of rise of the reference voltage. Figure 18B shows the
transient response of the regulator with the switching of a
200 load at 20V output.

5V/Div., 1s/Div.

FIGURE 18A. SUPPLY TURN-ON AND TURNOFF
CHARACTERISTICS

Top Trace: Output Voltage;
200mV/Div., 5us/Div.

Bottom Trace: Collector of load switching transistor, load = 1A;
5V/Div., 5us/Div.

FIGURE 18B. TRANSIENT RESPONSE

FIGURE 18. WAVEFORMS OF DYNAMIC CHARACTERISTICS
OF POWER SUPPLY CURRENTS SHOWN IN
FIGURES 16 AND 17

Tone Control Circuits

High slew rate, wide bandwidth, high output voltage
capability and high input impedance are all characteristics
required of tone control amplifiers. Two tone control circuits
that exploit these characteristics of the CA3140 are shown in
Figures 19 and 20.

3-91

OPERATIONAL

AMPLIFIERS



CA3140, CA3140A

The first circuit, shown in Figure 20, is the Baxandall tone
control circuit which provides unity gain at midband and uses
standard linear potentiometers. The high input impedance of
the CA3140 makes possible the use of low-cost, low-value,
small size capacitors, as well as reduced load of the driving
stage.

Bass treble boost and cut are +15dB at 100Hz and 10kHz,
respectively. Full peak-to-peak output is available up to at
least 20kHz due to the high slew rate of the CA3140. The
amplifier gain is 3dB down from its “flat” position at 70kHz.

FOR SINGLE SUPPLY
+30V

Figure 19 shows another tone control circuit with similar
boost and cut specifications. The wideband gain of this cir-
cuit is equal to the ultimate boost or cut plus one, which in
this case is a gain of eleven. For 20dB boost and cut, the
input loading of this circuit is essentially equal to the value of
the resistance from Terminal No. 3 to ground. A detailed
analysis of this circuit is given in “An IC Operational
Transconductance Amplifier (OTA) With Power Capability” by
L. Kaplan and H. Wittlinger, IEEE Transactions on Broadcast
and Television Receivers, Vol. BTR-18, No. 3, August, 1972.

NOTES:
5. 20dB Flat Position Gain.

6. +15dB Bass and Treble Boost and Cut
at 100Hz and 10kHz, respectively.

. 25Vp._p output at 20kHz.
. -3dB at 24kHz from 1kHz reference.

FOR DUAL SUPPLIES

+15V

TONE CONTROL NETWORK

|||—|

FIGURE 19. TONE CONTROL CIRCUIT USING CA3130 SERIES (20dB MIDBAND GAIN)

0.005F
51%
= Mme¥
v‘,’
1 “[eoosT ~ TReBLE ~ cut |}
1 : 200kQ 1
ooz @ineam) o.001pF]
TInRars amumt
s01} , $ f 1
22m0% Uox || 18ag % o 100pF | !
1 hd 1
] 1 ]
1 1
1 ]
v | o022l 0.0022F| |
1 2uF | 1
D LRIV A A—e—a—] 1
L | 10k 1MQ  100kQ 1
= ] CCW (LOG) [
1 BOOST BASS CUT 1
! _ _ TONE CONTROL NETWORK _ !
FOR SINGLE SUPPLY
BOOST BASS  CUT
(LINEAR)
0.047uF| 240kQ  SMQ 240k
”n AAAS wyv vy
°1 750 750
= pF pF
0.1
F
$22M0 b
3 X
 20pF
o Y — NOTES:
skQ  5MQ  51kQ
(LINEAR) 9
BOOST TREBLE CUT 10
TONE CONTROL NETWORK "
12

FOR DUAL SUPPLIES

+15V

0.047yF

o—3— TONE CONTROL

NETWORK

asv

. +15dB Bass and Treble Boost and Cut at 100Hz and 10kHz, Respectively.
. 25Vp_p Output at 20kHz.

. -3dB at 70kHz from 1kHz Reference.

. 0dB Flat Position Gain.

FIGURE 20. BAXANDALL TONE CONTROL CIRCUIT USING CA3140 SERIES
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Wien Bridge Oscillator

Another application of the CA3140 that makes excellent use
of its high input impedance, high slew rate, and high voltage
qualities is the Wien Bridge sine wave oscillator. A basic Wien
Bridge oscillator is shown in Figure 21. When Ry = R, = R
and Cq = C, = C, the frequency equation reduces to the
familiar f = 1/(2rRC) and the gain required for oscillation,
Aosc is equal to 3. Note that if C; is increased by a factor of
four and Ry is reduced by a factor of four, the gain required
for oscillation becomes 1.5, thus permitting a potentially
higher operating frequency closer to the gain bandwidth
product of the CA3140.

Ca Ry .
A NOTES: 4
2r [R,C,R,C,
ouTPUT

2
<t_° Aosc = V*+& *R/
r |

Cy R t

! ks AgL=1+5"
-

FIGURE 21. BASIC WIEN BRIDGE OSCILLATOR CIRCUIT
USING AN OPERATIONAL AMPLIFIER

Oscillator stabilization takes on many forms. It must be
precisely set, otherwise the amplitude will either diminish or
reach some form of limiting with high levels of distortion. The
element, Rg, is commonly replaced with some variable
resistance element. Thus, through some control means, the
value of Rg is adjusted to maintain constant oscillator
output. A FET channel resistance, a thermistor, a lamp bulb,
or other device whose resistance increases as the output
amplitude is increased are a few of the elements often
utilized.

Figure 22 shows another means of stabilizing the oscillator
with a zener diode shunting the feedback resistor (Rg of
Figure 21). As the output signal amplitude increases, the
zener diode impedance decreases resulting in more
feedback with consequent reduction in gain; thus stabilizing
the amplitude of the output signal. Furthermore, this
combination of a monolithic zener diode and bridge rectifier
circuit tends to provide a zero temperature coefficient for this
regulating system. Because this bridge rectifier system has
no time constant, i.e., thermal time constant for the lamp
bulb, and RC time constant for filters often used in detector
networks, there is no lower frequency limit. For example,
with 1uF polycarbonate capacitors and 22MQ for the
frequency determining network, the operating frequency is
0.007Hz.

As the frequency is increased, the output amplitude must be
reduced to prevent the output signal from becoming slew-
rate limited. An output frequency of 180kHz will reach a slew
rate of approximately 9V/us when its amplitude is 16Vp_p .

OUTPUT
0 19Vp_p TO 22Vp p
< +15V THD <0.3%
She o
C2 7 1000pF
) 0.1uF CA3109
DIODE
O b | ARRAY.
Ry SUBSTRATE
1000 OF CA3019
PF 0.1pF a
>
>
>
Ri=R2=R
1
50Hz, R = 3.3MQ <
100Hz, R= 1.6MQ 6K2S
1kHz, R = 160MQ SOOQ,;!'
3

10kHz, R = 16MQ
30kHz, R = 5.1MQ

FIGURE 22. WIEN BRIDGE OSCILLATOR CIRCUIT USING
CA3140

Simple Sample-and-Hold System

Figure 23 shows a very simple sample-and-hold system
using the CA3140 as the readout amplifier for the storage
capacitor. The CA3080A serves as both input buffer
amplifier and low feed-through transmission switch (see
Note 13). System offset nulling is accomplished with the
CA3140 via its offset nulling terminals. A typical simulated
load of 2kQ2 and 30pF is shown in the schematic.

30k 0 SAMPLE

STROBE 0—AA\— I I I I

1N914 -15 HOLD

- .'.£|
- 0.1pF 30pF z; '

SIMULATED LOAD ~™ ' ...

NOT REQUIRED  “&°

FIGURE 23. SAMPLE AND HOLD CIRCUIT

In this circuit, the storage compensation capacitance (Cy) is
only 200pF. Larger value capacitors provide longer “hold”
periods but with slower slew rates. The slew rate is:

dv _ |

F-C° 0.5mA/200pF = 2.5V/us

NOTE:

13. AN6668 “Applications of the CA3080 and CA 3080A High Per-
formance Operational Transconductance Amplifiers”.
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Pulse “droop” during the hold interval is 170pA/200pF which is
0.85uV/us; (i.e., 170pA/200pF). In this case, 170pA represents
the typical leakage current of the CA3080A when strobed off. If
C1 were increased to 2000pF, the “hold-droop” rate will
decrease to 0.085uV/us, but the slew rate would decrease to
0.25V/us. The parallel diode network connected between
Terminal 3 of the CA3080A and Terminal 6 of the CA3140
prevents large input signal feedthrough across the input
terminals of the CA3080A to the 200pF storage capacitor when
the CA3080A is strobed off. Figure 24 shows dynamic
characteristic waveforms of this sample-and-hold system.

Ml 1 R
Top Trace: Output; 50mV/Div., 200ns/Div.
Bottom Trace: Input; 50mV/Div., 200ns/Div.

Top Trace: Output Signal; 5V/Div, 2us/Div.

Center Trace: Difference of Input and Output Signals through
Tektronix Amplifier 7A13; 5mV/Div., 2us/Div.

Bottom Trace: Input Signal; 5V/Div., 2us/Div.
LARGE SIGNAL RESPONSE AND SETTLING TIME

SAMPLING RESPONSE
Top Trace: Output; 100mV/Div., 500ns/Div.
Bottom Trace: Input; 20V/Div., 500ns/Div.

FIGURE 24. SAMPLE AND HOLD SYSTEM DYNAMIC
CHARACTERISTICS WAVEFORMS

Current Amplifier

The low input terminal current needed to drive the CA3140
makes it ideal for use in current amplifier applications such
as the one shown in Figure 25 (see Note 14). In this circuit,
low current is supplied at the input potential as the power
supply to load resistor R. This load current is increased by
the multiplication factor Ro/R1, when the load current is mon-
itored by the power supply meter M. Thus, if the load current
is 100nA, with values shown, the load current presented to
the supply will be 100uA; a much easier current to measure
in many systems.

R2
I x ~R—1-
Ry
&- AAA
Yyy
10MQ L
POWER
SUPPLY R_
L :

[
|

-15V

FIGURE 25. BASIC CURRENT AMPLIFIER FOR LOW CURRENT
MEASUREMENT SYSTEMS

Note that the input and output voltages are transferred at the
same potential and only the output current is multiplied by
the scale factor.

The dotted components show a method of decoupling the
circuit from the effects of high output load capacitance and
the potential oscillation in this situation. Essentially, the
necessary high frequency feedback is provided by the
capacitor with the dotted series resistor providing load
decoupling.

Full Wave Rectifier

Figure 26 shows a single supply, absolute value, ideal full-
wave rectifier with associated waveforms. During positive
excursions, the input signal is fed through the feedback
network directly to the output. Simultaneously, the positive
excursion of the input signal also drives the output terminal
(No. 6) of the inverting amplifier in a negative going
excursion such that the 1N914 diode effectively disconnects
the amplifier from the signal path. During a negative going
excursion of the input signal, the CA3140 functions as a
normal inverting amplifier with a gain equal to -Ro/Ry. When
the equality of the two equations shown in Figure 26 is
satisfied, the full wave output is symmetrical.

NOTE:

14. “Operational Amplifiers Design and Applications”, J. G. Graeme,
McGraw-Hill Book Company, page 308, “Negative Immittance
Converter Circuits”.
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Ry
AAA
Yvy
5kQ +15V
Ry
o—MA— IAAAA
10kQ2
10kQ
PEAK
ADJUST
100k 10kQ
OFFSET
ADJUST = =
R R
2 3
GAIN=2=X=--23__
R, R(R, + R,
2
X+ X
Ry = ( 1-X )R1
.- 5k R
FOR X = 05 556 = &
- 075) _
Ry = 10k(32) - 15kQ

20Vp.p Input BW (-3dB) = 290kHz, DC Output (Avg) = 3.2V

OUTPUT

FIGURE 26. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL
WAVE RECTIFIER WITH ASSOCIATED
WAVEFORMS

NOISE VOLTAGE
© outpur

BW (-3dB) = 140kHz .
TOTAL NOISE VOLTAGE
(REFERRED TO INPUT ) = 48,V (TYP) =L
FIGURE 27. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR
WIDEBAND NOISE MEASUREMENT

SIMULATED
LOAD
> -1
! >
100pF 35 = 2kQ
1 “

LIJ

INPUT o

BW (-3dB) = 4.5MHz
YW SR = 9V/us

L

Top Trace: Output; 50mV/Div., 200ns/Div.
Bottom Trace: Input; 50mV/Div., 200ns/Div.
FIGURE 28B. SMALL SIGNAL RESPONSE

(Measurement made with Tektronix 7A13 differential amplifier.)

Top Trace: Output Signal; 5V/Div., 5us/Div.
Center Trace: Difference Signal; 5mV/Div., 5us/Div.
Bottom Trace: Input Signal; 5V/Div., 5us/Div.

FIGURE 28C. INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING
SETTLING TIME

FIGURE 28. SPLIT SUPPLY VOLTAGE FOLLOWER TEST
CIRCUIT AND ASSOCIATED WAVEFORMS
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Typical Performance Curves

T
R = 2kQ
o Ta =-56°C
2 A
2 s 25°C
< 125°C
& 100
[}
<
5 15
4
% 50
S
3 25
w
o
© o
0 5 10 15 20 25
SUPPLY VOLTAGE (V)

FIGURE 29. OPEN-LOOP VOLTAGE GAIN vs SUPPLY
VOLTAGE AND TEMPERATURE

RL=2kQ |
| cL = 100pF
v 25°C |
125°C
20 Ta = -55°C—1—om
. o
g 15 -:é _—
E 10
:
> 5
=
» 0
0 5 10 15 20 25
SUPPLY VOLTAGE (V)
FIGURE 31. SLEW RATE vs SUPPLY VOLTAGE AND
TEMPERATURE
SUPPLY VOLTAGE: Vg =+15V
Ta =25°C
25
"
a
2 20
(Y]
Z
2 5
E 10
3 \
5
N
\
0
10K 100K L' 4M

FREQUENCY (Hz)

FIGURE 33. MAXIMUM OUTPUT VOLTAGE SWING vs
FREQUENCY
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FIGURE 30. GAIN BANDWIDTH PRODUCT vs SUPPLY
VOLTAGE AND TEMPERATURE
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FIGURE 32. QUIESCENT SUPPLY CURRENT vs SUPPLY
VOLTAGE AND TEMPERATURE
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FIGURE 34. COMMON MODE REJECTION RATIO vs FREQUENCY
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Typical Performance Curves (Continued)

1000
0 SUPPLY VOLTAGE: Vg =+15V
l; Ta =25°C
cl
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o
4
5
N
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£
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2
<]
Yy
1 10! 102 103 104 105
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FIGURE 35. EQUIVALENT INPUT NOISE VOLTAGE vs
FREQUENCY

SUPPLY VOLTAGE: Vg = +15V

Ta =25°C
& 100 ——HH}
g CA31408
Q N PSRR
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FIGURE 36. POWER SUPPLY REJECTION RATIO vs FREQUENCY

Metallization Mask Layout

|<— 4-10
(0.102-0.254)

62-70
(1.575-1.778)

Dimensions in parenthesis are in
from the basic inch dimensions as
are in mils (103 inch).

The photographs and dimensions

58-66
(1.473-1.676)

millimeters and are derived
indicated. Grid graduations

represent a chip when it is

part of the wafer. When the wafer is cut into chips, the cleavage
angles are 57° instead of 90° with respect to the face of the

chip. Therefore, the isolated chip
larger in both dimensions.

is actually 7 mils (0.17mm)
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CA3160, CA3160A

4MHz, BiMOS Operational Amplifier
with MOSFET Input/CMOS Output

Features
* MOSFET Input Stage Provides:
- Very High 2, = 1.5TQ (1.5 x 1012Q) (Typ)
- Very Low |; = 5pA (Typ) at 15V Operation
= 2pA (Typ) at 5V Operation

« Common-Mode Input Voltage Range Includes
Negative Supply Rail; Input Terminals Can Be Swung
0.5V Below Negative Supply Rail

¢ CMOS Output Stage Permits Signal Swing to Either
(or Both) Supply Rails

Applications

¢ Ground Referenced Single Supply Amplifiers
* Fast Sample Hold Amplifiers

* Long Duration Timers/Monostables

¢ High Input Impedance Wideband Amplifiers

¢ Voltage Followers (e.g., Follower for Single Supply
D/A Converter)

Wien-Bridge Oscillators
Voltage Controlled Oscillators

Photo Diode Sensor Amplifiers

Ordering Information

Description

The CA3160A and CA3160 are integrated circuit operational
amplifiers that combine the advantage of both CMOS and bipo-
lar transistors on a monolithic chip. The CA3160 series are fre-
quency compensated versions of the popular CA3130 series.

Gate protected P-Channel MOSFET (PMOS) transistors are
used in the input circuit to provide very high input imped-
ance, very low input current, and exceptional speed perfor-
mance. The use of PMOS field effect transistors in the input
stage results in common-mode input voltage capability down
to 0.5V below the negative supply terminal, an important
attribute in single supply applications.

A complementary symmetry MOS (CMOS) transistor-pair,
capable of swinging the output voltage to within 10mV of
either supply voltage terminal (at very high values of load
impedance), is employed as the output circuit.

The CA3160 Series circuits operate at supply voltages
ranging from 5V to 16V, or +2.5V to +8V when using split
supplies, and have terminals for adjustment of offset voltage
for applications requiring offset null capability. Terminal
provisions are also made to permit strobing of the output
stage.

The CA3160A offers superior input characteristics over
those of the CA3160.

TEMP. PKG.
PART NUMBER | RANGE (°C) PACKAGE NO.
CA3160AE -55t0 125 |8 Ld PDIP E8.3
CA3160AT -5510 125 |8 Pin MetalCan |T8.C
CA3160E -55t0 125 |8 Ld PDIP E8.3
CA3160T -55t0 125 |8 Pin Metal Can | T8.C
Pinouts
CA3160 CA3160
(METAL CAN) (PDIP)
TOP VIEW TOP VIEW
SUPPLEMENTARY TAB STROBE v,
COMPENSATION OFFSET NULL [3 E STROBE
OFFSET v INV.
NULL * INPUT E:D_‘_Zl V+
NON-INV. I3 6] outPuT
inv. (2) (6) output INPUT 6]
INPUT v-[3] 5] OFFSET NULL
NON-INV. OFFSET
INPUT uLL NOTE: CA3160 Series devices have an on-chip frequency
V- AND CASE compensation network. Supplementary phase compensation or

frequency roll-off (if desired) can be connected externally between
Terminals 1 and 8.

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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Absolute Maximum Ratings Thermal Information
Supply Voltage (Between V+ and V- Terminals). . .......... +16V  Thermal Resistance (Typical, Note 1) 0ya (°CCW)  8,¢ (°C/W)
Differential Mode Input Voltage. . ......................... 8V PDIP Package ................... 110 N/A
InputVoltage. .. ............ ... ... ... (V+ +8V) to (V- -0.5V) Metal Can Package ............... 170 85
Input Current. . ... ... 1mA  Maximum Junction Temperature (MetalCan) .............. 175°C
Output Short Circuit Duration (Note 2)................ Indefinite  Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range ......... -65°C to 150°C
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C
Temperature Range . .................c...... -55°C to 125°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.
NOTES:
1. 8ya is measured with the component mounted on an evaluation PC board in.free air.
2. Short Circuit may be applied to ground or to either supply.
Electrical Specifications T, =25°C, V+ = 15V, V- = 0V, Unless Otherwise Specified
CA3160 CA3160A
PARAMETER SYMBOL | TEST CONDITIONS | MIN TYP MAX | MIN TYP MAX | UNITS
Input Offset Voltage Viol | Vg = £7.5V - 6 15 - 2 5 | mv E
Input Offset Current ol Vg = 7.5V - 0.5 30 - 0.5 20 pA
Input Current Iy Vg =17.5V - 5 50 - 5 30 pA 1
Large-Signal Voltage Gain Aol |Vo=10Vpp, R =2ka| 50 320 - 50 320 - | kv 2
94 110 - 94 110 - dB o E
Common-Mode Rejection Ratio CMRR 70 90 - 80 95 - dB E E
Common-Mode Input-Voltage Range Vicr 0 -0.5t012} 10 0 -0.5t012] 10 \ E 5
Power-Supply Rejection Ratio PSRR |AV|p/AVg, Vg =+7.5V - 32 320 - 32 150 | vV o
Maximum Output Voltage Vom+ |RL=2kQ 12 13.3 - 12 133 - \
/ Vom- - 0.002 | 0.01 - 0.002 | 0.01 '
Vom+ |RL=oe 14.99 15 - 14.99 15 - \
Vom- - 0 0.01 - 0 0.01 \
Maximum Output Current lom+ |Vo =0V (Source) 12 22 45 12 22 45 mA
lom- | Vo =15V (Sink) 12 20 45 12 20 45 mA
Supply Current (Note 3) I+ Vo=75V,R| =0 - 10 15 - 10 15 mA
Vo=0V,R = - 2 3 - 2 3 mA
Input Offset Voltage Temperature Drift AV|o/AT - 8 - - 6 - uv/ee
Electrical Specifications For Design Guidance, Vgyppy = 7.5V, Ta = 25°C, Unless Otherwise Specified
CA3160 | CA3160A
PARAMETER SYMBOL TEST CONDITIONS TYP TYP UNITS
Input Offset Voltage Adjustment Range 10kQ Across Terminals 4 and 5 or +22 +22 mvV
' Terminals 4 and 1
Input Resistance R 15 1.5 TQ
Input Capacitance C f=1MHz 43 4.3 pF
Equivalent Input Noise Voltage en BW = 0.2MHz Rg = 1MQ 40 40 uv
Rg = 10MQ 50 50 v
Equivalent Input Noise Voltage eNn Rg = 100Q 1kHz 72 72 nVVHz
10kHz 30 30 nVWHz
Unity Gain Crossover Frequency fr 4 4 MHz
Slew Rate SR 10 10 Vius
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Electrical Specifications For Design Guidance, Vgyppiy = 7.5V, Ta = 25°C, Unless Otherwise Specified (Continued)

CA3160 | CA3160A
PARAMETER SYMBOL TEST CONDITIONS TYP TYP UNITS
Transient Response Rise and Fall Time t Cy = 25pF, R = 2kQ, (Voltage Follower) 0.09 0.09 us
Overshoot os 10 10 %
Settling Time ts C = 25pF, R = 2kQ, (Voltage Follower) 1.8 1.8 us
To <0.1%, V|N = 4Vp.p
Electrical Specifications  For Design Guidance, V+ = +5V, V- = 0V, Tp = 25°C, Unless Otherwise Specified
' CA3160 CA3160A
PARAMETER SYMBOL TEST CONDITIONS TYP TYP UNITS
Input Offset Voltage Vio 6 2 mv
Input Offset Current lio 0.1 0.1 pA
Input Current Iy 2 2 pA
Common-Mode Rejection Ratio CMRR 80 90 dB
Large Signal Voltage Gain AoL | Vo=4Vp.p, RL=5kQ 100 100 kviv
100 100 dB
Common-Mode Input Voltage Range | Vicr 0to2.8 0to2.8 \
Supply Current I+ Vo=5V,R = 300 300
Vo =25V, R =0 500 500 pA
Power Supply Rejection Ratio PSRR | AV|o/AV+ 200 200 (4%

NOTE:

3. Igc typically increases by 1.5mA/MHz during operation.

Block Diagram
Ll e il ) L]
: Lo v
8mA
! 200pA  § 1.35mA 200pA (NOTE4) |  NOTES:
1 OmA 1
! I BIAS CKT. I (NOTES) 1
] 1
1 i 1 Terminal 4.
] 1
] ]
] ]
. | 1 either supply rail.
( : )—,—' N \ : OUTPUT
INPUT 1 Ay = 5X 6000X D> Ay = 3o>___:_®

1

< : ) T 1

- 1 I
] 1
1 ]
] 1
] 1
. —(4) v
L R R I N s ittt rl
Cc
------- 4--------(8)«— sTROBE

\*—J
OFFSET
NULL

\ COMPENSATION

(WHEN DESIRED)

4. Total supply voltage (for indicated voltage
gains) = 15V with input terminals biased so
that Terminal 6 potential is +7.5V above

5. Total supply voltage (for indicated voltage
gains) = 15V with output terminal driven to
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Schematic Diagram

Lot P cccaoceo e - ----- VP - -
1 BIAS CURRENT [N CURRENT SOURCE 11 “CURRENT SOURCE.: <7 > V+
i (W FOR Qg AND Q7 11 LOAD”"FORQqy 1
| —+ ++ +
' El | |:3 e '
1 Q 1! Q; 1 |-—| Qg ]
1 = L! — 2 11 1
1 , o i ! a [ 1
1 /A 1 1 ! 1 ]
Z4 1 Q4 1 Q
1 1 1 5 1
V] sav EP2 = n | ,
1 D3 ! 1 1
1 Ry Dy ] : " !
1 40kQ 1, H !
1 A'A'Av 1 T : 1 :
1 Ry [ !
' 5KQ 1y 1 1
1 A'A'A' 1y 'R 1
A AT . 1 '
I 1 1
1 |INPUT STAGE : :sscono :
' D5 Dy STAGE
Dg 1 1
NON-INV. ! 1 I pm = y "
INPUT 1 " T gTUAngT a 1
@)_:._ J L 1 1" s 1
+ | 1 1" 1
1 =% & 1 32kQ t |H 1 OUTPUT
@ 1
- | [N ] 20 i 1
INV. INPUT | Ry 2R, g N '
! "‘QT P 1k 11 > 1 J 1
! TT1 ™, 1 i
! 095—- Q19 1 O " 012 1
! [N [N 1
1 [N (R} 1
1 I 1" 1
1 Rs< $hRs 1 1 1
1 koS> > 1kQ 1 1 1
' — - '
= o

©~ ©
OFFSET NULL

~  SUPPLEMENTARY _ ._.,6:;_(5
COMP IF DESIRED & sTroBNG

NOTE: Diodes Ds Through D7 Provide Gate Oxide Protection For MOSFET Input Stage.

Application Information

Circuit Description

Refer to the Block Diagram of the CA3160 series CMOS
Operational Amplifiers. The input terminals may be operated
down to 0.5V below the negative supply rail, and the output
can be swung very close to either supply rail in many applica-
tions. Consequently, the CA3160 series circuits are ideal for
single supply operation. Three class A amplifier stages, hav-
ing the individual gain capability and current consumption
shown in the Block Diagram provide the total gain of the
CA3160. A biasing circuit provides two potentials for common
use in the first and second stages. Terminals 8 and 1 can be
used to supplement the internal phase compensation network
if additional phase compensation or frequency roll-off is
desired. Terminals 8 and 4 can also be used to strobe the out-
put stage into a low quiescent current state. When Terminal 8
is tied to the negative supply rail (Terminal 4) by mechanical or
electrical means, the output potential at Terminal 6 essentially
rises to the positive supply-rail potential at Terminal 7. This
condition of essentially zero current drain in the output stage
under the strobed “OFF” condition can only be achieved when
the ohmic load resistance presented to the amplifier is very
high (e.g., when the amplifier output is used to drive MOS dig-
ital circuits in comparator applications).

Input Stage - The circuit of the CA3160 is shown in the Sche-
matic Diagram. It consists of a differential-input stage using
PMOS field-effect transistors (Qg, Q7) working into a mirror-pair
of bipolar transistors (Qg, Q1) functioning as load resistors
together with resistors R3 through Rg. The mirror-pair transis-
tors also function as a differential-to-single-ended converter to
provide base drive to the second-stage bipolar transistor (Q11).
Offset nulling, when desired, can be effected by connecting a
100,000Q potentiometer across Terminals 1 and 5 and the
potentiometer slider arm to Terminal 4. Cascode-connected
PMOS transistors Qp, Q4, are the constant-current source for
the input stage. The biasing circuit for the constant-current
source is subsequently described. The small diodes D5 through
D7 provide gate-oxide protection against high-voltage tran-
sients, including static electricity during handling for Qg and Q;.

Second-Stage - Most of the voltage gain in the CA3160 is
provided by the second amplifier stage, consisting of bipolar
transistor Q11 and its cascode-connected load resistance pro-
vided by PMOS transistors Q3 and Q5. The source of bias
potentials for these PMOS transistors is described later. Miller
Effect compensation (roll off) is accomplished by means of the
30pF capacitor and 2kQ2 resistor connected between the base
and collector of transistor Q1. These internal components
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provide sufficient compensation for unity gain operation in
most applications. However, additional compensation, if
desired, may be used between Terminals 1 and 8.

Bias-Source Circuit - At total supply voltages, somewhat
above 8.3V, resistor Ry and zener diode Z1 serve to establish a
voltage of 8.3V across the series-connected circuit, consisting
of resistor Ry, diodes D¢ through D4, and PMOS transistor Q4.
A tap at the junction of resistor Ry and diode D4 provides a
gate-bias potential of about 4.5V for PMOS transistors Q4 and
Qs with respect to Terminal 7. A potential of about 2.2V is
developed across diode-connected PMOS transistor Q¢ with
respect to Terminal 7 to provide gate bias for PMOS transistors
Qo and Qg. It should be noted that Q1 is “mirror-connected” to
both Qo and Qg. Since transistors Q4, Qo, Qg are designed to
be identical, the approximately 200pA current in Qq establishes
a similar current in Qo and Qg as constant-current sources for
both the first and second amplifier stages, respectively.

At total supply voltages somewhat less than 8.3V, zener diode
Z4 becomes nonconductive and the potential, developed
across series-connected Rq, D1 - D4, and Q4, varies directly
with variations in supply voltage. Consequently, the gate bias
for Q4, Qs and Qp, Qg varies in accordance with supply-volt-
age variations. This variation results in deterioration of the
power-supply-rejection ratio (PSRR) at total supply voltages
below 8.3V. Operation at total supply voltages below about
4.5V results in seriously degraded performance.

Output Stage - The output stage consists of a drain-loaded
inverting amplifier using CMOS transistors operating in the
Class A mode. When operating into very high resistance
loads, the output can be swung within millivolts of either sup-
ply rail. Because the output stage is a drain-loaded amplifier,
its gain is dependent upon the load impedance. The transfer
characteristics of the output stage for a load returned to the
negative supply rail are shown in Figure 17. Typical op amp
loads are readily driven by the output stage. Because large-
signal excursions are non-linear, requiring feedback for good
waveform reproduction, transient delays may be encoun-
tered. As a voltage follower, the amplifier can achieve 0.01%
accuracy levels, including the negative supply rail.

Offset Nulling

Offset-voltage nulling is usually accomplished with a
100,000%2 potentiometer connected across Terminals 1 and
5 and with the potentiometer slider arm connected to Termi-
nal 4. A fine offset-null adjustment usually can be effected
with the slider arm positioned in the mid-point of the potenti-
ometer's total range.

Input Current Variation with Common Mode Input Voltage

As shown in the Electrical Specifications, the input current for
the CA3160 Series Op Amps is typically 5pA at Tp = 25°C
when Terminals 2 and 3 are at a common-mode potential of
+7.5V with respect to negative supply Terminal 4. Figure 23
contains data showing the variation of input current as a func-
tion of common-mode input voltage at Tp = 25°C. These data
show that circuit designers can advantageously exploit these
characteristics to design circuits which typically require an input
current of less than 1pA, provided the common-mode input

voltage does not exceed 2V. As previously noted, the input cur-
rent is essentially the result of the leakage current through the
gate-protection diodes in the input circuit and, therefore, a func-
tion of the applied voltage. Although the finite resistance of the
glass terminal-to-case insulator of the metal can package also
contributes an increment of leakage current, there are useful
compensating factors. Because the gate-protection network
functions as if it is connected to Terminal 4 potential, and the
metal can case of the CA3160 is also internally tied to Terminal
4, input Terminal 3 is essentially “guarded” from spurious leak-
age currents.

Input-Current Variation with Temperature

The input current of the CA3160 Series circuits is typically
5pA at 25°C. The major portion of this input current is due to
leakage current through the gate-protective diodes in the input
circuit. As with any semiconductor junction device, including
op amps with a junction-FET input stage, the leakage current
approximately doubles for every 10°C increase in tempera-
ture. Figure 24 provides data on the typical variation of input
bias current as a function of temperature in the CA3160.

In applications requiring the lowest practical input current and
incremental increases in current because of “warm-up” effects,
it is suggested that an appropriate heat sink be used with the
CA3160. In addition, when “sinking” or “sourcing” significant
output current the chip temperature increases, causing an
increase in the input current. In such cases, heat-sinking can
also very markedly reduce and stabilize input current variations.

Input Offset Voltage (Vo) Variation with DC Bias vs
Device Operating Life

It is well known that the characteristics of a MOSFET device
can change slightly when a DC gate-source bias potential is
applied to the device for extended time periods. The magnitude
of the change is increased at high temperatures. Users of the
CA3160 should be alert to the possible impacts of this effect if
the application of the device involves éxtended operation at
high temperatures with a significant differential DC bias voltage
applied across Terminals 2 and 3. Figure 25 shows typical data
pertinent to shifts in offset voltage -encountered with CA3160
devices in metal can packages during life testing. At lower tem-
peratures (metal can and plastic) for example at 85°C, this
change in voltage is considerably less. In typical linear applica-
tions where the differential voltage is small and symmetrical,
these incremental changes are of about the same magnitude
as those encountered in an operational amplifier employing a
bipolar transistor input stage. The 2V differential voltage exam-
ple represents conditions when the amplifier output state is
“‘toggled”, e.g., as in comparator applications.

Power Supply Considerations

Because the CA3160 is very useful in single supply applica-
tions, it is pertinent to review some considerations relating to
power supply current consumption under both single and
dual supply service. Figures 1A and 1B show the CA3160
connected for both dual and single supply operation.

Dual-supply operation: When the output voltage at Terminal
6 is OV, the currents supplied by the two power supplies are
equal. When the gate terminals of Qg and Q12 are driven
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increasingly positive with respect to ground, current flow
through Q2 (from the negative supply) to the load is
increased and current flow through Qg (from the positive
supply) decreases correspondingly. When the gate terminals
of Qg and Q5 are driven increasingly negative with respect
to ground, current flow through Qg is increased and current
flow through Q4 is decreased accordingly.

Single supply operation: Initially, let it be assumed that the
value of Ry is very high (or disconnected), and that the input-
terminal bias (Terminals 2 and 3) is such that the output ter-
minal (No. 6) voltage is at V+/2, i.e., the voltage-drops
across Qg and Q4 are of equal magnitude. Figure 18 shows
typical quiescent supply-current vs supply voltage for the
CA3160 operated under these conditions.

Since the output stage is operating as a Class A amplifier, the
supply current will remain constant under dynamic operating
conditions as long as the transistors are operated in the linear
portion of their voltage-transfer characteristics (see Figure 17).
If either Qg or Q42 are swung out of their linear regions toward
cutoff (a non-linear region), there will be a corresponding reduc-
tion in supply-current. In the extreme case, e.g., with Terminal 8
swung down to ground potential (or tied to ground), NMOS tran-
sistor Q12 is completely cut off and the supply current to series
connected transistors Qg, Qo goes essentially to zero. The
two preceding stages in the CA3160, however, continue to draw
modest supply-current (see the lower curve in Figure 18) even
though the output stage is strobed off. Figure 1A shows a dual-
supply arrangement for the output stage that can also be
strobed off, assuming R|_ = e, by pulling the potential of Termi-
nal 8 down to that of Terminal 4.

Let it now-be assumed that a load resistance of nominal value
(e.g., 2kQ) is connected between Terminal 6 and ground in the
circuit of Figure 1B. Let it further be assumed again that the
input-terminal bias (Terminals 2 and 3) is such that the output
terminal (No. 6) voltage is at V+/2. Since PMOS transistor Qg
must now supply quiescent current to both Ry and transistor
Qq2, it should be apparent that under these conditions the sup-
ply current must increase as an inverse function of the R mag-
nitude. Figure 20 shows the voltage-drop across PMOS
transistor Qg as a function of load current at several supply volt-
ages. Figure 17 shows the voltage transfer characteristics of
the output stage for several values of load resistance.

Wideband Noise

From the standpoint of low-noise performance considerations,
the use of the CA3160 is most advantageous in applications
where in the source resistance of the input signal is on the
order of 1MQ or more. In this case, the total input-referred noise
voltage is typically only 40uV when the test circuit amplifier of
Figure 2 is operated at a total supply voltage of 15V. This value
of total input-referred noise remains essentially constant, even
though the value of source resistance is raised by an order of
magnitude. This characteristic is due to the fact that reactance
of the input capacitance becomes a significant factor in shunt-
ing the source resistance. It should be noted, however, that for
values of source resistance very much greater than 1MQ, the
total noise voltage generated can be dominated by the thermal
noise contributions of both the feedback and source resistors.

@__

V- NEGATIVE

SUPPLY

FIGURE 1B. SINGLE POWER SUPPLY OPERATION

FIGURE 1. CA3160 OUTPUT STAGE IN DUAL AND SINGLE
POWER SUPPLY OPERATION

BW (3dB) = 200kHz < 1%
TOTAL NOISE VOLTAGE S
(INPUT REFERRED = 40V (TYP) 1

FIGURE 2. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR
WIDEBAND NOISE MEASUREMENTS
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FIGURE 3A.

BW (-3dB) = 4MHz
SR =10V/us

Top Trace: Output
Bottom Trace: Input

FIGURE 3B. SMALL SIGNAL RESPONSE

Center Trace: Difference Signal 5mV/Div.
Bottom Trace: Input Signal

FIGURE 3C. INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING
SETTLING TIME

FIGURE 3. DUAL SUPPLY VOLTAGE FOLLOWER WITH
ASSOCIATED WAVEFORMS

Typical Applications

Voltage Followers

Operational amplifiers with very high input resistances, like
the CA3160, are particularly suited to service as voltage fol-
lowers. Figure 3 shows the circuit of a classical voltage fol-
lower, together with pertinent waveforms using the CA3160
in a split-supply configuration.

A voltage follower, operated from a single supply, is shown in
Figure 4 together with related waveforms. This follower circuit
is linear over a wide dynamic range, as illustrated by the
reproduction of the output waveform in Figure 4B with input-
signal ramping. The waveforms in Figure 4C show that the fol-
lower does not lose its input-to-output phase-sense, even
though the input is being swung 7.5V below ground potential.
This unique characteristic is an important attribute in both
operational amplifier and comparator applications. Figure 4C
also shows the manner in which the COS/MOS output stage
permits the output signal to swing down to the negative sup-
ply-rail potential (i.e., ground in the case shown). The digital-
to-analog converter (DAC) circuit, described in the following
section, illustrates the practical use of the CA3160 in a single
supply voltage follower application.

9-Bit CMOS DAC

A typical circuit of a 9-bit Digital-to-Analog Converter (DAC)
(see Note 6) is shown in Figure 5. This system combines the
concepts of multiple-switch CMOS ICs, a low-cost ladder

" network of discrete metal-oxide-film resistors, a CA3160 op

amp connected as a follower, and an inexpensive monolithic
regulator in a simple single power-supply arrangement. An
additional feature of the DAC is that it is readily interfaced
with CMOS input logic, e.g., 10V logic levels are used in the
circuit of Figure 5.

The circuit uses an R/2R voltage-ladder network, with the out-
put-potential obtained directly by terminating the ladder arms at
either the positive or the negative power supply terminal. Each
CDA4007A contains three inverters, each inverter functioning as
a single-pole double-throw switch to terminate an arm of the
R/2R network at either the positive or negative power-supply
terminal. The resistor ladder is an assembly of 1% tolerance
metal-oxide film resistors. The five arms requiring the highest
accuracy are assembled with series and parallel combinations
of 806,000Q resistors from the same manufacturing lot.

A single 15V supply provides a positive bus for the CA3160
follower amplifier and feeds the CA3085 voltage regulator. A
“scale-adjust” function is provided by the regulator output con-
trol, set to a nominal 10V level in this system. The line-voltage
regulation (approximately 0.2%) permits a 9-bit accuracy to be
maintained with variations of several volts in the supply. The
flexibility afforded by the CMOS building blocks simplifies the
design of DAC systems tailored to particular needs.

NOTE:

6. “Digital-to-Analog Conversion Using the Harris CD4007A
COS/MOS IC”, Application Note AN6080.
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| 2kQ |
0.1pF
FIGURE 4A.

BW (-aaa) = 4MHz
SR =10V/us

=
VARNEIER . NI VAN
“E’ an
/] /|

Top Trace: Output
Bottom Trace: Input

FIGURE 4B. OUTPUT WAVEFORM WITH GROUND REFERENCE
SINE WAVE INPUT

FIGURE 4C. OUTPUT SIGNAL WITH INPUT SIGNAL RAMPING

FIGURE 4. SINGLE SUPPLY VOLTAGE FOLLOWER WITH
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN
SINGLE SUPPLY D/A CONVERTER; SEE FIGURE 9
IN AN6080)

Error-Amplifier in Regulated Power Supplies

The CA3160 is an ideal choice for error-amplifier service in
regulated power supplies since it can function as an error-
amplifier when the regulated output voltage is required to
approach zero.

The circuit shown in Figure 6 uses a CA3160 as an error
amplifier in a continuously adjustable 1A power supply. One
of the key features of this circuit is its ability to regulate down
to the vicinity of OV with only one DC power supply input.

An RC network, connected between the base of the output
drive transistor and the input voltage, prevents “turn-on
overshoot”, a condition typical of many operational ampli-
fier regulator circuits. As the amplifier becomes opera-
tional, this RC network ceases to have any influence on the
regulator performance.

Precision Voltage-Controlled Oscillator

The circuit diagram of a precision voltage-controlled oscillator
is shown in Figure 7. The oscillator operates with a tracking
error in the order of 0.02% and a temperature coefficient of
0.01%/°C. A multivibrator (A1) generates pulses of constant
amplitude (V) and width (T5). Since the output (Terminal 6) of
A4 (a CA3130) can swing within about 10mV of either supply-
rail, the output pulse amplitude (V) is essentially equal to V+.
The average output voltage (Eayg =V To/T+1) is applied to the
non-inverting Input terminal of comparator A, via an integrat-
ing network Rg, Co. Comparator A operates to establish cir-
cuit conditions such that Eayg = V1. This circuit condition is
accomplished by feeding an output signal from Terminal 6 of
A through Ry, Dy4 to the inverting terminal (Terminal 2) of A4,
thereby adjusting the multivibrator interval, T3.

Voltmeter With High Input Resistance

The voltmeter circuit shown in Figure 8 illustrates an applica-
tion in which a number of the CA3160 characteristics are
exploited. Range-switch SW is ganged between input and
output circuitry to permit selection of the proper output volt-
age for feedback to Terminal 2 via 10kQ current-limiting
resistor. The circuit is powered by a single 8.4V mercury bat-
tery. With zero input signal, the circuit consumes somewhat
less than 500pA plus the meter current required to indicate a
given voltage. Thus, at full scale input, the total supply cur-
rent rises to slightly more than 1500uA.
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FIGURE 6. VOLTAGE REGULATOR CIRCUIT (0.1V TO 35V AT 1A)
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FIGURE 7. VOLTAGE CONTROLLED OSCILLATOR
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FIGURE 8. HIGH INPUT RESISTANCE DC VOLTMETER
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Function Generator

A function generator having a wide tuning range is shown in
Figure 9. The adjustment range, in excess of 1,000,000/1, is
accomplished by a single potentiometer. Three operational
amplifiers are utilized: a CA3160 as a voltage follower, a
CA3080 as a high speed comparator, and a second
CA3080A as a programmable current source. Three variable

capacitors Cq, Cp, and Cg shape the triangular signal
between 500kHz and 1MHz. Capacitors C4, Cs, and the
trimmer potentiometer in series with C5 maintain essentially
constant (+10%) amplitude up to 1MHz.

20pF
I A'AVAT ]
CENTERING THRESHOLD
8.2kQ BUFFER 100kQ DETECTOR
o 475V VOLTAGE FOLLOWER 25V AAAA V75V © 475V
VOLTAGE-CONTROLLED 0.9 - 7pF " 430pF :
CURRENT SOURCE C1 7" |
v HIGH 3
~J FREQ.
SHAPE
[ 6.2kQ
ke \AAS 10kQ
’ AA
10-80pF vy
° —vWVV
2MQ
_ 0-7.5V — —_
SYMMETRY | 47kQ  pxTERNAL
K v e SWEEPING INPUT
>,
. eoc:' L~ Zsoka 2-1N914
- 60pF 7 /
MAX FREQ MIN FREQ.SET xS i
SET kQ < T }{CS
+7.5V 7.5V HIGH FREQ * 15-115pF
joko  62kQ  500Q 5000 LEVEL RS
A.I?)F.‘lﬁgT - ADJUST - —

FIGURE 9A. HIGH INPUT RESISTANCE DC VOLTMETER

NOTE: Asquarewave signal modulates the external sweepinginput
to produce 1Hz and 1MHz, showing the 1,000,000/1 frequency range
of the Function Generator.

FIGURE 10. TWO-TONE OUTPUT SIGNAL FROM THE
FUNCTION GENERATOR

NOTE: The bottom trace is the sweeping signal and the top trace is
the actual generator output. The center trace displays the 1MHz signal
via delayed oscilloscope triggering of the upper swept output signal.

FIGURE 10A. TRIPLE-TRACE OF THE FUNCTION GENERATOR
SWEEPING TO 1MHz

FIGURE 10. 1,000,000/1 SINGLE CONTROL FUNCTION GENERATOR: 1Hz to 1MHz
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FIGURE 11A.

Staircase Generator

Figure 10 shows a staircase generator circuit utilizing three
CMOS operational amplifiers. Two CA3130s are used; one
as a multivibrator, the other as a hysteresis switch. The third
amplifier, a CA3160, is used as a linear staircase generator.

Picoammeter Circuit

Figure 11 is a current-to-voltage converter configuration uti-
lizing a CA3160 and CA3140 to provide a picoampere meter
for 13pA full scale meter deflection. By placing Terminals 2
and 4 of the CA3160 at ground potential, the CA3160 input
is operated in the “guarded mode”. Under this operating con-
dition, even slight leakage resistance present between Ter-
minals 3 and 2 or between Terminals 3 and 4 would result in
zero voltage across this leakage resistance, thus substan-
tially reducing the leakage current.

If the CA3160 is operated with the same voltage on input
Terminals 3 and 2 as on Terminal 4, a further reduction in the
input current to the less than one picoampere level can be
achieved as shown in Figure 23.

To further enhance the stability of this circuit, the CA3160
can be operated with its output (Terminal 6) near ground,
thus markedly reducing the dissipation by reducing the sup-
ply current to the device. :

The CA3140 stage serves as a X100 gain stage to provide
the required plus and minus output swing for the meter and
feedback network. A 100-to-1 voltage divider network con-
sisting of a 9.9kQ resistor in series with a 100Q resistor sets

the voltage at the 10GQ resistor (in series with Terminal 3) to
+30mV full-scale deflection. This 30mV signal results from
+3V appearing at the top of the voltage divider network
which also drives the meter circuitry.

By utilizing a switching technique in the meter circuit and in
the 9.9kQ2 and 1002 network similar to that used in voltmeter
circuit shown in Figure 8, a current range of 3pA to 1nA full
scale can be handled with the single 10G2 resistor.

STAIRCASE
OUTPUT
2V STEPS

COMPARATOR

OSCILLATOR

| gtm-ﬁt
mR. EuBuBa
Top Trace: Staircase Output 2V Steps

Center Trace: Comparator
Bottom Trace: Oscillator

FIGURE 11B. STAIRCASE GENERATOR WAVEFORM
FIGURE 11. STAIRCASE GENERATOR CIRCUIT
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FIGURE 12. CURRENT-TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH +3pA FULL SCALE DEFLECTION
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FIGURE 13. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V
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Single Supply Sample-and-Hold System

Figure 12 shows a single supply sample-and-hold system
using a CA3160 to provide a high input impedance and an
input voltage range of OV to 10V. The output from the input
buffer integrator network is coupled to a CA3080A. The
CA3080A functions as a strobeable current source for the
CA3140 output integrator and storage capacitor. The
CA3140 was chosen because of its low output impedance
and constant gain-bandwidth product. Pulse “droop” during
the hold interval can be reduced to zero by adjusting the
100kQ bias-voltage potentiometer on the positive input of
the CA3140. This zero adjustment sets the CA3080A output
voltage at its zero current position. In this sample-and-hold
circuit it is essential that the amplifier bias current be
reduced to zero to minimize output signal current during the
hold mode. Even with 320mV at the amplifier bias circuit ter-
minal (5) at least 1100pA of output current will be available.

Wien Bridge Oscillator

A simple, single supply Wien Bridge oscillator using a
CA3160 is shown in Figure 13. A pair of parallel-connected
1N914 diodes comprise the gain-setting network which
standardizes the output voltage at approximately 1.1V. The
500Q potentiometer is adjusted so that the oscillator will
always start and the oscillation will be maintained. Increas-
ing the amplitude of the voltage may lower the threshold
level for starting and for sustaining the oscillation, but will
introduce more distortion.

——o0
OUTPUT
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2% THD AT 1.1Vp_p

~AAA
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2-1N914

:F 0.01pF
<>
3 ssoq
1 <
e S 5000
27V(R; 1Ry Cq Rz C2 jf’

FIGURE 14. SINGLE SUPPLY WEIN BRIDGE OSCILLATOR

Operation with Output Stage Power Booster

The current sourcing and sinking capability of the CA3160 out-
put stage is easily supplemented to provide power-boost capa-
bility. In the circuit of Figure 14, three CMOS transistor-pairs in
a single CA3600 IC array are shown parallel-connected with the
output stage in the CA3160. In the Class A mode of CA3600E
shown, a typical device consumes 20mA of supply current at
15V operation. This arrangement boosts the current-handling
capability of the CA3160 output stage by about 2.5X.

The amplifier circuit in Figure 14 employs feedback to estab-
lish a closed-loop gain of 20dB. The typical large-signal-
bandwidth (-3dB) is 190kHz.

INPUT

1uF

A =20dB
LARGE SIGNAL
BW (-3dB) = 190kHz

20kQ
AAA

500uF
—
50Q
100mwW
AT 10%
THD

\AAZ

FIGURE 15. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3160
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Typical Performance Curves
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FIGURE 16. OPEN LOOP VOLTAGE GAIN AND PHASE SHIFT FIGURE 17. OPEN LOOP GAIN vs TEMPERATURE
vs FREQUENCY
15.0
17.5 -
s | I V4 =15V, V-= OV z Ta = 25%
© 4 Ta=25°C E 125 | veo
a B RL = 5kQ 1 s =
b4 - =z y.
< 2s N2k & 10.0
A 1kQ c 10 BALANCED
(7] \ L =3
= V4i2
E 10 \\ 45000 ; (] /
3 g 75 b
w 75 \; \ % /
g " a /A
5 \ = 50 e -
a 5 \ z / HIGH Vg = V+
> 8 ORLOW Vg = V. -—
-
5 w25 A
o 25
£ 3 - =
5 0
0 25 5 75 10 125 15 175 20 225 6 8 10 12 14 16 18
GATE VOLTAGE [TERMINALS 4 AND 8] (V) POSITIVE SUPPLY VOLTAGE (V)
FIGURE 18. VOLTAGE TRANSFER CHARACTERISTICS OF FIGURE 19. QUIESCENT SUPPLY CURRENT vs SUPPLY
CMOS OUTPUT STAGE VOLTAGE
14 ] 50 e e T
~ Vo=V+/2 2 V-=ov ve=15v |- | [ 1]
3 V-=0 & Ta=25°C 1ov <
£ 12 2 10 i~
= ‘ 5 5V Lt
g 10 E /
c o
% TA=-55°C\‘ // » % 1 Y,
o8 25°C w4 7 e¢
o 125°C—_ 4 o
o
[ 2 a g 0.1
o v/ g2
a 4 s &
@ o F 0.01
i :
=] w
o]
0 e £ o001 L
o 2 4 6 8 10 12 14 16 18 3 0.001 0.01 0.1 1 10 100
POSITIVE SUPPLY VOLTAGE (V) > MAGNITUDE OF LOAD CURRENT (mA)
FIGURE 20. QUIESCENT SUPPLY CURRENT vs SUPPLY FIGURE 21. VOLTAGE ACROSS PMOS OUTPUT TRANSISTOR
VOLTAGE (Qg) vs LOAD CURRENT
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Typical Performance Curves (Continued)
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FIGURE 22. VOLTAGE ACROSS NMOS OUTPUT TRANSISTOR
(Qy2) vs LOAD CURRENT

Ta =25°C

N
2

INPUT VOLTAGE (V)
"

Ind
o

1 2 3 4 5 6 7
INPUT CURRENT (pA)

FIGURE 24. INPUT CURRENT vs COMMON MODE VOLTAGE
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FIGURE 23. EQUIVALENT NOISE VOLTAGE vs FREQUENCY
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, 1.2MHz, BiCMOS
,g,wwaremsmn Operational Amplifiers

V-
NOTE: Pin 4 is connected to case on S and T suffix.

\)

Description
L Low Vio The CA3193A and CA3193 are ultra-stable, precision
e CA3193A ..t e 200uV (Max) instrumentation, operational amplifiers that employ both
PMOS and bipolar transistors on a single monolithic chip.
= CA3193 ... .. e 500uV (Max
mv( ) The CA3193A and CA3193 amplifiers are internally phase
* Low AV|o/AT compensated and provide a gain bandwidth product of
m CA3193A .. e 3uV/°C (Max) 1.2MHz. They are pin compatible with the industry 741
SCA3193 ... 5uV/°C (Max) Series and many other IC op amps, and may be used as
replacements for 741 series types in most applications.
* Low ljp and |
The CA3193A and CA3193 can also be used as functional
* Low Aljo/AT: CA3193.............. 150pA/°C (Max) replacements for op amp types 725, 108A, OP-5, OP-7,
o LOWAIYAT: CA3193.......covnnn... 3.7nA/°C (Max) LM11 and LM714 in many applications where nulling is not
employed. Because of their low offset voltage and low offset
Applicati voltage vs temperature coefficient the CA3193A and
pplications CA3193 amplifiers have a wider range of applications than
« Thermocouple Preamplifiers most op amps and are particularly well suited for use as
. . " thermocouple amplifiers, high gain filters, buffer, strain
* Strain Gauge Bridge Amplifiers gauge bridge amplifiers and precision voltage references.
* Summing Amplifiers The two types in the CA3193 series are functionally
« Differential Amplifiers identical. The CA3193A and CA3193 operate from supply
voltages of £3.5V to +18V.
* Bilateral Current Sources P .
B Ordering Information
¢ Log Amplifiers
- - TEMP. PKG.
* Differential Voltmeters PART NUMBER |RANGE (°C)| PACKAGE NO.
¢ Precision Voltage References CA3193AE -25t085 |8LdPDIP E8.3
* Active Filters CA3193AT -25t085 |8 PinMetalCan |T8.C
« Buffers CA3193E 0to 70 8 Ld PDIP E8.3
CA3193T 0to 70 8 Pin Metal Can | T8.C
¢ Integrators
¢ Sample-and-Hold Circuits
¢ Low Frequency Filters
Pinouts
CA3193 CA3193
(METAL CAN) (PDIP)
TOP VIEW TOP VIEW
NC v
oFFseT NULL [1] 8] ne
OFFSET NULL
(U Q% INV. INPUT [2] 7] ve
INv. NPUT (2) OUTPUT NON-INV. INPUT [3] 6] outpuT
v-[4] 5] OFFSET NULL
NON-INV. INPUT OFFSET NULL

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996

File Number
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CA3240, CA3240A

Dual, 4.5MHz, BiMOS Operational Amplifier

November 1996

with MOSFET Input/Bipolar Output

Features
¢ Dual Version of CA3140
¢ Internally Compensated
¢ MOSFET Input Stage
- Very High Input Impedance (Z;y) 1.5TQ (Typ)
- Very Low Input Current (I}) 10pA Typ. at +15V
- Wide Common-Mode Input Voltage Range (Vicg):
Can Be Swung 0.5V Below Negative Supply Voltage
Rail
o Directly Replaces Industry Type 741 in Most
Applications

Applications

¢ Ground Referenced Single Amplifiers in Automobile
and Portable Instrumentation

Description

The CA3240A and CA3240 are dual versions of the popular
CA3140 series integrated circuit operational amplifiers. They
combine the advantages of MOS and bipolar transistors on the
same monalithic chip. The gate-protected MOSFET (PMOS)
input transistors provide high input impedance and a wide
common-mode input voltage range (typically to 0.5V below the
negative supply rail). The bipolar output transistors allow a wide
output voltage swing and provide a high output current capability.

The CA3240A and CA3240 are compatible with the industry
standard 1458 operational amplifiers in similar packages.The off-
set null feature is available only when these types are supplied in
the 14 lead PDIP package (E1 suffix).

Ordering Information

+ Pins 9 and 13 internally connected through approximately 3Q.

-
L TEMP. PKG. =)
* Sample and Hold Amplifiers PART NUMBER | RANGE (°C)| PACKAGE NO. 25
. Lgng Duration Timers/Multivibrators (Microseconds- CAB240AE 401085 |8 LdPDIP E8.3 ELT
Minutes-Hours) ]
. CA3240AE1 -40to85 |14 LdPDIP E14.3 cao
¢ Photocurrent Instrumentation ws
Intrusion Alarm Svstem Active Filters CA3240E -40t085 |8LdPDIP E8.3 % <
. si r . Vi
nirusion 4 CA3240E1 -40t085 |14 LdPDIP E14.3
o Comparators ¢ Function Generators
¢ Instrumentation Amplifiers e« Power Supplies
Pinouts Functional Diagram
CA3240, CA3240A, (PDIP)
P oo e e e e e e e "
TOP VIEW 1 2mA 4mA1 y,
\J 1 3
ouTPuT (A) [1] % Vs ! [ '
INV. BIAS CIRCUIT 1
euT (a) [2] 7] outeur ! CURRENT SOURCES :
NON-INV. [3 g 1 AND REGULATOR 1
INPUT (A INPUT (B) :
“ NON-INV. ; 200 1.6mA 2mA |
v-[4 INPUT (B) ' WAy 1.6m mAl
*
CA3240, CA3240A, (PDIP) | oUT-
TOP VIEW IN- 1] A=10 > L PUT
PUT I 1
INV. hd OFFSET 1
INPUT (A) L1 4] NULL (a) - : :
NON-INV.
INPUT (A) 13] v+t ! { '
OFFSET[3 2] OUTPUT (A 12pF -
NULL (A) 2 &) : P ' o
v-[3 1] NC , .
N%':_':_Sg)“ﬁ [10] OUTPUT (B) b el el b
':r?ryu"r“gj = 5] v+t OFFSET NULL
NPUT (B) L NULL (8)
B) NOTE: Only available with 14 lead DIP (E1 Suffix).

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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Absolute Maximum Ratings

Thermal Information

Supply Voltage (Between V+and V-) . ...ttt 36V Thermal Resistance (Typical, Note 2) 0ya (OCIW)
Differential Input Voltage. .. ........................ ... 8V 8Lead PDIP Package . ...................... 100
Input Voltage. ......................... (V+ +8V) to (V- -0.5V) 14 Lead PDIP Package . . .............co.vvn.. 100
Input Current. . ... 1MA  Maximum Junction Temperature (Plastic Package) .. ...... 150°C
Output Short Circuit Duration (Note 1) ... ............. Indefinite  Maximum Storage Temperature Range ... ...... -65°C to 150°C
i i 0

Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C
Temperature RaNge . . .......ovvvereearennnns. -40°C to 85°C

VoltageRange ..................... 4V to 36V or +2V to +18V

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.

NOTES:

1. Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must be limited to keep dissipation within

maximum rating.

2. 8y is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications For Equipment Design, VgyppLy = 215V, Ta = 25°C, Unless Otherwise Specified

CA3240 CA3240A
PARAMETER SYMBOL MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Vio - 5 15 - 2 5 mV
Input Offset Current lio - 0.5 30 - 0.5 20 pA
Input Current h - 10 50 - 10 40 pA
Large-Signal Voltage Gain AoL 20 100 - 20 100 - kVIV
(See Figures 13, 28) (Note 3) 86 100 N 86 100 N B
Common Mode Rejection CMRR - 32 320 - 32 320 nvnN
Ratio (See Figure 18) 70 90 - 70 90 N B
Common Mode Input Voltage Vicr -15 -15.5 to 1 -15 -15.5t0 12 \
Range (See Figure 25) +12.5 +12.5

Power Supply Rejection Ratio PSRR - 100 150 - 100 150 uVN
(See Figure 20) Avigavnl 76 80 - 76 80 - dB
Maximum Output Voltage (Note 4)| * Vom+ 12 13 - 12 13 - v
(See Figures 24, 25) Vo 14 4.4 - a 4.4 } v
Maximum Output Voltage (Note 5)|  Vowm- 0.4 0.13 - 0.4 0.13 - \4
Total Supply Current I+ - 8 12 - 8 12 mA
(See Figure 16) For Both Amps :

Total Device Dissipation Pp - 240 360 - 240 360 mwW
NOTES:

3. AtVg = 26Vp.p, +12V, -14V and R|_ = 2kQ.

4. AtRL = 2kQ.

5. AtV+ =5V, V-=GND, Igink = 200pA.
Electrical Specifications For Equipment Design, VsyppLy =15V, Ta = 25°C, Unless Otherwise Specified

TYPICAL VALUES
PARAMETER SYMBOL TEST CONDITIONS CA3240A | CA3240| UNITS

Input Offset Voltage Adjustment Resistor Typical Value of Resistor Between Terminals 4 and 18 4.7 kQ
(E1 Package Only) 3(5) or Between 4 and 14(8) to Adjust Maximum Vo

Input Resistance Ry 1.5+ 15 TQ
Input Capacitance C 4 4 pF
Output Resistance Ro 60 60 Q
Equivalent Wideband Input Noise Voltage eNn BW = 140kHz, Rg = 1MQ 48 48 nv
(See Figure 2)
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Electrical Specifications For Equipment Design, VsyppLy = +15V, Ta = 25°C, Unless Otherwise Specified

TYPICAL VALUES
PARAMETER SYMBOL TEST CONDITIONS CA3240A| CA3240| UNITS
Equivalent Input Noise Voltage eN f=1kHz, Rg = 100Q 40 40 nVAHz
(See Figure 19) f= 10kHz, Rg = 10002 12 12 |nVAFz
Short-Circuit Current to Opposite Supply lom+ [ Source 40 40 mA
lom- | Sink 1" 1" mA
Gain Bandwidth Product (See Figures 14, 28) fr 4.5 4.5 MHz
Slew Rate (See Figure 15) SR 9 9 Vius
Transient Response (See Figure 1) t R = 2kQ, C_= 100pF Rise Time 0.08 0.08 us
os Ry = 2kQ, C|_= 100pF Overshoot 10 10 %
Settling Time at 10 Vp_p (See Figure 26) ts Ay = +1, R =2kQ, C_= 100pF, To 1mV 4.5 4.5 us
Voltage Follower To 10mv 14 14 us
Crosstalk (See Figure 23) f=1kHz 120 120 dB
Electrical Specifications  For Equipment Design, at VgyppLy =15V, Ta = -40 to 85°C, Unless Otherwise Specified
TYPICAL VALUES
PARAMETER SYMBOL CA3240A CA3240 UNITS
Input Offset Voltage Vol 3 10 mV
Input Offset Current (Note 8) ol 32 32 pPA
Input Current (Note 8) Iy 640 640 pA
Large Signal Voltage Gain (See Figures 13, 28), (Note 6) AoL 63 63 kV/V
96 96 dB
Common Mode Rejection Ratio (See Figure 18) . CMRR 32 32 uvnv
' 90 90 dB
Common Mode Input Voltage Range (See Figure 25) Vicr -15t0 +12.3 -15to +12.3 \
Power Supply Rejection Ratio (See Figure 20) PSRR 150 150 nvnv
(AV|o/AVE) 76 76 dB
Maximum Output Voltage (Note 7) (See Figures 24, 25) Vom+ 12.4 12.4 v
Vom- -14.2 -14.2 \
Supply Current (See Figure 16) Total For Both Amps I+ 8.4 8.4 mA
Total Device Dissipation Pp 252 252 mwW
Temperature Coefficient of Input Offset Voltage AV /AT 15 15 uv/ec
NOTES:
6. AtVp = 26Vp_p, +12V, -14V and R|_= 2kQ.
7. AtR =2kQ.
8. At Tp = 85°C.
Electrical Specifications  For Equipment Design, at V+ = 5V, V- = 0V, T = 25°C, Unless Otherwise Specified
TYPICAL VALUES
PARAMETER SYMBOL CA3240A CA3240 UNITS
Input Offset Voltage Vol 2 5 mv
Input Offset Current ol 0.1 0.1 pA
Input Current Iy 2 2 pA
Input Resistance Rin 1 1 TQ
Large Signal Voltage Gain (See Figures 13, 28) AoL 100 100 kV/V
100 100 dB
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Electrical Specifications  For Equipment Design, at V+ = 5V, V- = 0V, Ta = 25°C, Unless Otherwise Specified (Continued)

TYPICAL VALUES
PARAMETER SYMBOL CA3240A CA3240 UNITS
Common-Mode Rejection Ratio CMRR 32 32 %
90 90 dB
Common-Mode Input Voltage Range (See Figure 25) Vicr -0.5 -0.5 \
26 2.6 \%
Power Supply Rejection Ratio PSRR 31.6 31.6 uvnv
90 90 dB
Maximum Output Voltage (See Figures 24, 25) Vom+ 3 3 \
' Voum- 0.3 0.3 \
Maximum Output Current Source lom+ 20 20 mA
Sink lom- 1 1 mA
Slew Rate (See Figure 15) SR 7 7 Vius
Gain Bandwidth Product (See Figure 14) fr 45 4.5 MHz
Supply Current (See Figure 16) 1+ 4 4 mA
Device Dissipation Pp 20 20 mwW

Test Circuits and Waveforms

50mV/Div., 200ns/Div.
Top Trace: Input, Bottom Trace: Output

FIGURE 1A. SMALL SIGNAL RESPONSE

5V/Div., 1us/Div.
Top Trace: Input, Bottom Trace: Output

FIGURE 1B. LARGE SIGNAL RESPONSE

SIMULATED
LOAD

—> >0 -1

1
100pF = %an
1

-t

BW (-3dB) = 4.5MHz
SR = 8V/us

FIGURE 1C. TEST CIRCUIT
FIGURE 1. SPLIT-SUPPLY VOLTAGE FOLLOWER TEST CIRCUIT AND ASSOCIATED WAVEFORMS

3-118




CA3240, CA3240A

Test Circuits and Waveforms (continued)

p——o0 NOISE
VOLTAGE
OUTPUT

‘P
> 30.1kQ
3

<
BW (-3dB) = 140kHz j_t_
TOTAL NOISE VOLTAGE L
(REFERRED TO INPUT) = 48,V (TYP)

FIGURE 2. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR WIDEBAND NOISE MEASUREMENT

Schematic Diagram (One Amplifier of Two)

INPUT ~
NON-INVERTING
INPUT +
Qi
Dg
1
: Ry
30Q
]
oo on o o - be - - -
> >
OFFSET NULL (NOTE 9) V.
NOTES:

BIAS CIRCUIT INPUT STAGE SECOND STAGE  OUTPUT STAGE DYNAMIC CURRENT SINK

Q20

Rz
12K

Q21

OUTPUT

9. Only available with 14 Lead DIP (E1 Suffix).
10. All resistance values are in ohms.
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Application Information
Circuit Description

The schematic diagram details one amplifier section of the
CA3240. It consists of a differential amplifier stage using PMOS
transistors (Qg and Q4¢) with gate-to-source protection against
static discharge damage provided by zener diodes D3, D4, and
Ds. Constant current bias is applied to the differential amplifier
from transistors Qo and Qg connected as a constant current
source. This assures a high common-mode rejection ratio. The
output of the differential amplifier is coupled to the base of gain
stage transistor Q13 by means of an NPN current mirror that
supplies the required differential-to-single-ended conversion.
Provision for offset null for types in the 14 lead plastic package
(E1 suffix) is provided through the use of this current mirror.

The gain stage transistor Q3 has a high impedance active load
(Qz and Qg) to provide maximum open-loop gain. The collector
of Q43 directly drives the base of the compound emitter-follower
output stage. Pulldown for the output stage is provided by two
independent circuits: (1) constant-current-connected transistors
Qq4 and Q5 and (2) dynamic current-sink transistor Q4 and
its associated circuitry. The level of pulldown current is constant
at about 1mA for Qi5 and varies from 0 to 18mA for Qg
depending on the magnitude of the voltage between the output
terminal and V+. The dynamic current sink becomes active
whenever the output terminal is more negative than V+ by
about 15V. When this condition exists, transistors Qp1 and Q4g
are turned on causing Q1 to sink current from the output termi-
nal to V-. This current always flows when the output is in the lin-
ear region, either from the load resistor or from the emitter of
Qg if no load resistor is present. The purpose of this dynamic
sink is to permit the output to go within 0.2V (Vg (sat)) of V-
with a 2kQ load to ground. When the load is returned to V+, it
may be necessary to supplement the 1mA of current from Qy5
in order to turn on the dynamic current sink (Q4g). This may be
accomplished by placing a resistor (Approx. 2kQ) between the
output and V-.

Output Circuit Considerations

Figure 24 shows output current-sinking capabilities of the
CA3240 at various supply voltages. Output voltage swing to
the negative supply rail permits this device to operate both
power transistors and thyristors directly without the need for
level-shifting circuitry usually associated with the 741 series
of operational amplifiers.

Figure 3 shows some typical configurations. Note that a series
resistor, RL, is used in both cases to limit the drive available to
the driven device. Moreover, it is recommended that a series
diode and shunt diode be used at the thyristor input to prevent
large negative transient surges that can appear at the gate of
thyristors, from damaging the integrated circuit.

Input Circuit Considerations

As indicated by the typical VICR, this device will accept
inputs as low as 0.5V below V-. However, a series current-
limiting resistor is recommended to limit the maximum input
terminal current to less than 1mA to prevent damage to the
input protection circuitry.

Moreover, some current-limiting resistance should be pro-
vided between the inverting input and the output when the

CA3240 is used as a unity-gain voltage follower. This resis-
tance prevents the possibility of extremely large input-signal
transients from forcing a signal through the input-protection
network and directly driving the internal constant-current
source which could result in positive feedback via the output
terminal. A 3.9kW resistor is sufficient.

The typical input current is on the order of 10pA when the
inputs are centered at nominal device dissipation. As the
output supplies load current, device dissipation will increase,
rasing the chip temperature and resulting in increased input
current. Figure 4 shows typical input-terminal current versus
ambient temperature for the CA3240.

120Vac

FIGURE 3. METHODS OF UTILIZING THE Vg (saT) SINKING
CURRENT CAPABILITY OF THE CA3240 SERIES

10K —
F Vg =+15V
< 1K
s —
-
z /
&
£ 100
2 y 4
2 p.4
z

V4

60 -40 -20 0 20 40 60 80
TEMPERATURE (°C)

100 120 140

FIGURE 4. INPUT CURRENT vs TEMPERATURE

It is well known that MOSFET devices can exhibit slight
changes in characteristics (for example, small changes in
input offset voltage) due to the application of large differen-
tial input voltages that are sustained over long periods at
elevated temperatures.
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Both applied voltage and temperature accelerate these
changes. The process is reversible and offset voltage shifts
of the opposite polarity reverse the offset. In typical linear
applications, where the differential voltage is small and sym-
metrical, these incremental changes are of about the same
magnitude as those encountered in an operational amplifier
employing a bipolar transistor input stage.

Offset-Voltage Nulling

The input offset voltage of the CA3240AE1 and CA3240E1
can be nulled by connecting a 10kQ2 potentiometer between
Terminals 3 and 14 or 5 and 8 and returning its wiper arm to
Terminal 4, see Figure 5A. This technique, however, gives
more adjustment range than required and therefore, a consid-
erable portion of the potentiometer rotation is not fully utilized.
Typical values of series resistors that may be placed at either
end of the potentiometer, see Figure 5B, to optimize its utiliza-
tion range are given in the table “Electrical Specifications for
Equipment Design” shown on third page of this data sheetAn
alternate system is shown in Figure 5C. This circuit uses only
one additional resistor of approximately the value shown in
the table. For potentiometers, in which the resistance does not
drop to 0Q at either end of rotation, a value of resistance 10%
lower than the values shown in the table should be used.

Typical Applications

On/Off Touch Switch

The on/off touch switch shown in Figure 6 uses the
CA3240E to sense small currents flowing between two con-
tact points on a touch plate consisting of a PC board metalli-

o V-
FIGURE 5A. BASIC

zation “grid”. When the “on” plate is touched, current flows
between the two halves of the grid causing a positive shift in
the output voltage (Terminal 7) of the CA3240E. These posi-
tive transitions are fed into the CA3059, which is used as a
latching circuit and zero-crossing TRIAC driver. When a pos-
itive pulse occurs at Terminal 7 of the CA3240E, the TRIAC
is turned on and held on by the CA3059 and its associated
positive feedback circuitry (51kQ resistor and 36k€/42kQ
voltage divider). When the positive pulse occurs at Terminal
1 (CA3240E), the TRIAC is turned off and held off in a simi-
lar manner. Note that power for the CA3240E is supplied by
the CA3059 internal power supply.

The advantage of using the CA3240E in this circuit is that it
can sense the small currents associated with skin conduc-
tion while allowing sufficiently high circuit impedance to pro-
vide protection against electrical shock.

Dual Level Detector (Window Comparator)

Figure 7 illustrates a simple dual liquid level detector using
the CA3240E as the sensing amplifier. This circuit operates
on the principle that most liquids contain enough ions in
solution to sustain a small amount of current flow between
two electrodes submersed in the liquid. The current, induced
by an 0.5V potential applied between two halves of a PC
board grid, is converted to a voltage level by the CA3240E in
a circuit similar to that of the on/off touch switch shown in
Figure 6. The changes in voltage for both the upper and
lower level sensors are processed by the CA3140 to activate
an LED whenever the liquid level is above the upper sensor
or below the lower sensor..

R (NOTE 11)

o V-
FIGURE 5B. IMPROVED RESOLUTION

FIGURE 5C. SIMPLER IMPROVED RESOLUTION

NOTE:

11. See Electrical Specification Table on Third page of this data sheet for value of R.
FIGURE 5. THREE OFFSET-VOLTAGE NULLING METHODS, (CA3240AE1, CA3240E1 ONLY)
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44m 10K (2wW)
AV 6V A 120V/220V
“ON” +6V Rs (NOTE 10) AC
ON 51K S 60Hz/50Hz
™ 0 36K 40W
_@_ B 120V LIGHT
= 0o T e+6v  Jcasz2a D7
= T23008 (NOTE 10)
T + 1N914
o 42K MT,
“OFF" - 1M > COMMON
= ca3za0 >(1
E ,_@_ . 1N914
= oonF T M +6V SOURCE jL»._:'WOuF(WV)
~AAA
vy
44M

NOTE:
12. At 220V operation, TRIAC should be T2300D, Rg = 18K, 5W.

FIGURE 6. ON/OFF TOUCH SWITCH

12M

= 240K
HIGH
LEVEL
8.2K
100K

12m

LED ON WHEN
LIQUID OUTSIDE
OF LIMITS

FIGURE 7. DUAL LEVEL DETECTER

Constant-Voltage/Constant-Current Power Supply

The constant-voltage/constant-current power supply shown
in Figure 8 uses the CA3240E1 as a voltage-error and cur-
rent-sensing amplifier. The CA3240E1 is ideal for this appli-
cation because its input common-mode voltage range
includes ground, allowing the supply to adjust from 20mV to
25V without requiring a negative supply voltage. Also, the
ground reference capability of the CA3240E1 allows it to
sense the voltage across the 1Q current-sensing resistor in
the negative output lead of the power supply. The CA3086
transistor array functions as a reference for both constant-
voltage and constant-current limiting. The 2N6385 power
Darlington is used as the pass element and may be required
to dissipate as much as 40W. Figure 9 shows the transient
response of the supply during a 100mA to 1A load transition.

Precision Differential Amplifier

Figure 10 shows the CA3240E in the classical precision dif-
ferential amplifier circuit. The CA3240E is ideally suited for
biomedical applications because of its extremely high input
impedance. To insure patient safety, an extremely high elec-
trode series resistance is required to limit any current that
might result in patient discomfort in the event of a fault condi-
tion. In this case, 10MQ resistors have been used to limit the
current to less than 2uA without affecting the performance of
the circuit. Figure 11 shows a typical electrocardiogram
waveform obtained with this circuit.
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2N6385 i
DARLINGTON

U R |

0.056uF

]

1

1

1

1

1

!
CA3086E :
—_—
1

!

1

I

1

1

1

=

TRANSISTOR
ARRAY

<
<

Vo

+
= 500
N WF

1 CHASSIS GROUND

Vo RANGE =20mV TO 25V OUTPUT HUM AND NOISE < 150uVgys

LOAD REGULATION: (10MHz BANDWIDTH)
VOLTAGE <0.08% SINE REGULATION < 0.1%/Vg
CURRENT <0.05% lo RANGE =10mA - 1.3A

FIGURE 8. CONSTANT-VOLTAGE/CONSTANT-CURRENT POWER SUPPLY

Top Trace: Output Voltage;
500mV/Div., 5us/Div.

Bottom Trace: Collector Of Load Switching Transistor
Load = 100mA to 1A; 5V/Div., 5us/Div.

FIGURE 9. TRANSIENT RESPONSE
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100K 1%

2000pF

oo > 100K 1%
CONTROL o7, 4ok : OUTPUT
n <
o— — s
o ::B.QK
i < 100K 1%
TWO COND.
SHIELDED & _'L’“PF
CABLE 15V ==

FREQUENCY RESPONSE (-3dB) DC TO 1MHz
SLEW RATE = 1.5V/us

COMMON MODE REJ: 86dB

GAIN RANGE: 35dB TO 60dB

Vertical: 1.0mV/Div.
Amplifier Gain = 100X
Scope Sensitivity = 0.1V/Div.

Horizontal: >0.2s/Div. (Uncal)
FIGURE 11. TYPICAL ELECTROCARIOGRAM WAVEFORM

Differential Light Detector

In the circuit shown in Figure 12, the CA3240E converts the
current from two photo diodes to voltage, and applies 1V of
reverse bias to the diodes. The voltages from the CA3240E
outputs are subtracted in the second stage (CA3140) so that
only the difference is amplified. In this manner, the circuit
can be used over a wide range of ambient light conditions
without circuit component adjustment. Also, when used with
a light source, the circuit will not be sensitive to changes in
light level as the source ages.
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C30809
PHOTO

DIODE

0.015uF

N

€30809
PHOTO
DIODE

YVv
0|

0.015,F
FIGURE 12. DIFFERENTIAL LIGHT DETECTOR

p——o0 OUTPUT

Typical Performance Curves

OPEN LOOP VOLTAGE GAIN (dB)

FIGURE 13. OPEN LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE

SLEW RATE (V/us)

-
N
o
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~
o
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N
o

T L
RL = 2kQ

Tp =-40°C

/]

7
85°C

5 10

15
SUPPLY VOLTAGE (V)

20
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-
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|.CL = 100pF
O,
L 25°C _|
Ta = -40°C
. — e
ﬁ_’- 85°C
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SUPPLY VOLTAGE (V)

FIGURE 15. SLEW RATE vs SUPPLY VOLTAGE

GAIN BANDWIDTH PRODUCT (MHz)

25

TOTAL SUPPLY CURRENT (mA)

25

FOR BOTH AMPS

- N
o o
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Z0o
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R = 2kQ g3
CL =100pF o a
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5 10 15 20 25
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FIGURE 14. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE

—

Ry =oo
. |
// 25°C
Ta= -4000/ >
' I 85°C
/i

7

0 5 10 15 20 25

SUPPLY VOLTAGE (V)

FIGURE 16. QUIESCENT SUPPLY CURRENT vs SUPPLY VOLTAGE
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Typical Performance Curves (Continued)

SUPPLY VOLTAGE: Vg = +15V

Tp = 25°C
25
= \
a
2 20
&
=
a s
>
5
a 10
5 N
5
N
0 ~~
10K 100K ™ am
FREQUENCY (Hz)
FIGURE 17. MAXIMUM OUTPUT VOLTAGE SWING vs
FREQUENCY
= 1000
= SUPPLY VOLTAGE: Vg = £15V
S Ta =25°C
i |
<
£ N Rs =1000
g too »
] N
[«]
4
5 N
2 1w M
£ :
)
£
2
g 1
w
1 10! 102 103 104 105
FREQUENCY (Hz)
FIGURE 19. EQUIVALENT INPUT NOISE VOLTAGE vs
FREQUENCY
wim=zee | [ [ [ ]]
[ 1T 171
< Vg =115V
E 10 ONE AMPLIFIER OPERATING 7
= \ /
£, 8 \
o« o
33 /
25 o
&> N
s \
5
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45 0 5 ) 5 10 15
OUTPUT VOLTAGE (V)

FIGURE 21. OUTPUT SINK CURRENT vs OUTPUT VOLTAGE
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FIGURE 18. COMMON MODE REJECTION RATIO vs
FREQUENCY.
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FIGURE 20. POWER SUPPLY REJECTION RATIO vs
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FIGURE 22. SUPPLY CURRENT vs OUTPUT VOLTAGE
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Typical Performance Curves (Continued)

Ta =25°C
140 AMP A -> AMP B
AMP B - AMP A
Vg = 15V
130
@ NG Vo = 5Vrms
< 120 N
-l
5
2 110 <
2 N
S 100
NN
N
% I
80
0.1 1 10! 102 10°
FREQUENCY (Hz)

FIGURE 23. CROSSTALK vs FREQUENCY
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FIGURE 25A.
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FIGURE 24. VOLTAGE ACROSS OUTPUT TRANSISTORS Q5
AND Qg vs LOAD CURRENT
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FIGURE 25B.

FIGURE 25. OUTPUT VOLTAGE SWING CAPABILITY AND COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE
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Typical Performance Curves (Continued)

SUPPLY VOLTAGE: Vg =+15V
Ta =25°C, Ry = 2k, C_= 100pF
10 4 - -
8 I 4' 1I'I’IV/ rl ¢ imv
S . tomv J/ [ I 10mv }/o' SIMULATED
w o LOAD
2 4 v © o ->>e-1
B 2 » > ]
S %= e FOLLOWER 100pF 7~ %2"“
z |
; 2 o SO ....# = === INVERTING ve!
= . SAONSN i
~ TN -
LY N ~
-6 N mv 3o imv
*\
-8 10n;v N K P
-10 L - 0.05,F
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FIGURE 26A. SETTLING TIME vs INPUT VOLTAGE FIGURE 26B. TEST CIRCUIT (FOLLOWER)
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FIGURE 26C. TEST CIRCUIT (INVERTING)
FIGURE 26. INPUT VOLTAGE vs SETTLING TIME
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FIGURE 27. INPUT CURRENT vs TEMPERATURE

FIGURE 28. OPEN LOOP VOLTAGE GAIN AND PHASE vs
FREQUENCY

OPEN LOOP PHASE (DEGREES)
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CA3260, CA3260A

4MHz, BiMOS Operational Amplifier
with MOSFET Input/CMOS Output

Features

 MOSFET Input Stage provides
- Very High Z; = 1.5TQ (1.5 x 1012Q) (Typ)

- Very Low || =5pA (Typ) at 15V Operation
= 2pA (Typ) at 5V Operation

¢ ldeal for Single Supply Applications

« Common Mode Input Voltage Range Includes
Negative Supply Rail; Input Terminals Can be Swung
0.5V Below Negative Supply Rail

¢ CMOS Output Stage Permits Signal Swing to Either
(Or Both) Supply Rails

Applications

« Ground Referenced Single Supply Amplifiers

¢ Fast Sample-Hold Amplifiers

Long Duration Timers/Monostables
Ideal Interface with Digital CMOS
High Input Impedance Wideband Amplifiers

Voltage Followers (e.g. Follower for Single Supply D/A
Converter)

Voltage Regulators (Permits Control of Output Voltage
Down to 0V) :

Wien Bridge Oscillators

Voltage Controlled Oscillators

Photo Diode Sensor Amplifiers

Description

CA3260A and CA3260 are integrated circuit operational
amplifiers that combine the advantage of both CMOS and
bipolar transistors on a monolithic chip. The CA3260 series
circuits are dual versions of the popular CA3160 series.

Gate protected P-Channel MOSFET (PMOS) transistors are
used in the input circuit to provide very high input
impedance, very low input current, and exceptional speed
performance. The use of PMOS field effect transistors in the
input stage results in common mode input voltage capability
down to 0.5V below the negative supply terminal, an
important attribute in single supply applications.

A complementary symmetry MOS (CMOS) transistor pair,
capable of swinging the output voltage to within 10mV of
either supply voltage terminal (at very high values of load
impedance), is employed as the output circuit.

The CA3260 Series circuits operate at supply voltages
ranging from 4V to 16V, or £2V to +8V when using split
supplies. The CA3260A offers superior input characteristics
over those of the CA3260.

Ordering Information

TEMP. PKG.

PART NUMBER | RANGE (°C) PACKAGE NO.
CA3260E -55t0 125 |8 Ld PDIP E8.3
CA3260T -55t0 125 |8 Pin Metal Can |T78.C
CA3260AE -55t0 125 |8 Ld PDIP E8.3
CA3260AT -55t0 125 |8 Pin Metal Can | T8.C

Copyright © Harris Corporation 1996

Pinouts
CA3260, CA3260A (PDIP) CA3260, CA3260A (METAL CAN)
TOP VIEW TOP VIEW
V+
\Y TAB
vV
OUTPUT (A) E E Ve [\
OUTPUT (A) UTPUT (B)
INV. INPUT (A) E _7_] OUTPUT (B)
INV. INV.
NON INV. INPUT (A) [_3: E] INV. INPUT (B) INPUT (A) INPUT (B)
2 NON INV. NON INV.
v [4] 5 ] Non v inpuT B) INPUT (A) INPUT (B)
V-
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 266_3
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Absolute Maximum Ratings

DC Supply Voltage (V41O V=) oo 16V
DC Input Voltage . ..................... (V+ +8V) to (V- -0.5V)
Differential Input Voltage. . . .. .......... ..., 8V
Input Terminal Current ... ....... ..., 1mA
Output Short Circuit Duration (Note 1) .. .............. Indefinite
Operating Conditions

Temperature Range . ....................... -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 2)
PDIPPackage ................... N/A
Metal Can Package .. ............. 165 75

Maximum Junction Temperature (Metal Can Package) . . ... .. 175°C

8a (°CW) 8¢ (°C/W)
100

Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range ......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s). .. ... e 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.

NOTES:
1. Short circuit may be applied to ground or to either supply.

2. 8y is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications T, = 25°C, Typical Values Intended Only for Design Guidance

TYPICAL VALUES
PARAMETER SYMBOL TEST CONDITIONS CA3260A CA3260 UNITS
Input Resistance R Vg =+7.5V 1.5 1.5 TQ
Input Capacitance C f=1MHz, Vg = 7.5V 4.3 4.3 pF
Unity Gain Crossover Frequency fr Vg =47.5V 4 4 MHz
Slew Rate SR Vg =+7.5V 10 10 Vius
Transient Response Rise Time t CL =25pF, R =2kQ, Ay = +1, 0.09 0.09 us
Overshoot 0s Ve =475V 10 10 %
Settling Time (to <0.1%, VN = 4Vp.p) ts C =25pF, R =2kQ, Ay = +1, 1.8 1.8 us
Vg =27.5V
Input Offset Voltage Vio V4 =5V, V-=0V 2 6 mvV
Input Offset Current o V+ =5V, V-=0V 0.1 0.1 pA
Input Current I V4 =5V, V-=0V ' 2 2 pA
Common Mode Rejection Ratio CMRR V+ =5V, V-=0V 70 60 dB
Large Signal Voltage Gain AoL Vo =4Vp.p, R = 20kQ, 100 100 kV/V
Ve=5V,V-=0v 100 100 dB
Common Mode Input Voltage Range Vicr V+ =5V, V-=0V 0to25 0to2.5 \Y
Supply Current I+ Vo =5V, R =0, V+ =5V, V-=0V 1 1 mA
Vo=2.5V,R =00, V+=5V,V-=0V 1.2 1.2 mA
Power Supply Rejection Ratio PSRR AV|o/AV+, V4 =5V, V-= 0V 200 200 wvnv
Electrical Specifications For Each Amplifier at Tp = 25°C, V+ = 15V, V- = 0V, Unless Otherwise Specified
TEST CA3260A CA3260
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Input Offset Voltage Viol Vg =17.5V - 2 5 - 6 15 mV
Input Offset Current ot Vg =47.5V - 0.5 20 - 0.5 30 pA
Input Current ] Vg =17.5V - 5 30 - 5 50 pA
Large Signal Voltage Gain AoL Vo =10Vp.p, 50 320 - 50 320 - kvivV
AL=10ka 9 110 . 94 110 . dB
Common Mode Rejection Ratio CMRR 80 95 - 70 90 - dB

3-130




CA3260, CA3260A

Electrical Specifications For Each Amplifier at Ta = 25°C, V+ = 15V, V- =

0V, Unless Otherwise Specified (Continued)

TEST CA3260A CA3260
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Common Mode Input Voltage Vicr 0 -0.5to 10 0 -0.5t0 10 \
Range 12 12
Power Supply Rejection Ratio PSRR AV|o/AV+ - 32 150 - 32 320 pvv
V+=17.5V
Maximum Output Voltage
Vom+ Ry = 10kQ 11 13.3 - 1" 133 - \
Vom- - 0.002 0.01 - 0.002 0.01 Vv
Vom+ RL=co 14.99 15 - 14.99 15 - %
Vom- - 0 0.01 - 0 0.01 v
Maximum Output Current Vo=7.5V
lom+ Source 12 22 45 12 22 45 mA
lom- Sink 12 20 45 12 20 45 mA
Total Supply Current I+ R = “
Vo (Amplifier A) = 7.5V - 9 15.5 - 9 155 mA
Vo (Amplifier B) = 7.5V B
Vo (Amplifier A) = 0V 1.2 3 - 1.2 3 mA <zt 2
Vo (Amplifier B) = OV ow
=
Vo (Amplifier A) = 0V - 5 8.5 - 5 8.5 mA 25
Vo (Amplifier B) = 7.5V E %
Input Offset Voltage AV|/AT - 6 - - 8 - uv/ec g <
Temperature Drift
Crosstalk f=1kHz - 120 - - 120 - dB
Schematic Diagram
V+
AMPLIFIER A r="-1 AMPLIFIER B
Q Q Q; Q
i Qyp I Iﬂ ¢ | l"'" ! = % ﬂl 4 Qs
S 1= o, oty ==
T Dy D3 L’ —i| Dg D7 24
rIRIR RN
Dy Lm $Fs T 4 Rug Du Dg|
b 22K ¢ p 2K <
Q; Q2 h Q, Q. g Q16
G12 ﬁ r o .'4_8— = C2 F' Q15 ur' K Q26
Rg ._‘_30|)F — F 30pF; L Ry r'
Q4 }—e—KQ13| R3 K B K >Rio] @2 Qzg
1K ks Qi <£1K
?gox Rz Q3 Q4 Q1 17 Rig Ri3
300K Ry Ry Re Res 300Q $ 200K
1K 1K 1K<$ 1K<

3-131



@ HARRIS CA3280, CA3280A

Dual, 9MHz, Operational

November 1996 Transconductance Amplifier (OTA)

Features Description

¢ Low Initial Input Offset Voltage: 5001V (Max) (CA3280A) he CA3280 and CA3280A types consist of two variable

* Low Offset Voltage Change vs Iagc: <5000V (Typ) operational amplifiers that are designed to substantially reduce
for All Types the initial input offset voltage and the offset voltage variation

¢ Low Offset Voltage Drift: 5uV/°C (Max) (CA3280A) with respect to changes in programming current. This design

« Excellent Matching of the Two Amplifiers for All results in reduced “AGC thump,” an objectionable characteristic
Characteristics of many AGC systems. Interdigitation, or crosscoupling, of

critical portions of the circuit reduces the amplifier dependence
upon thermal and processing variables.

Internal Current-Driven Linearizing Diodes Reduce the
External Input Current to an Offset Component

* Flexible Supply Voltage Range. ........ +2Vto +15V  The CA3280 has all the generic characteristics of an
operational voltage amplifier except that the forward transfer

Applications characteristics is best described by transconductance rather
¢ Voltage Controlled Amplifiers than voltage gain, and the output is current, not voltage. The
* Voltage Controlled Oscillators magnitude of the output current is equal to the product of
« Multipliers transconductance and the input voltage. This type of
« Demodulators operational transconductance amplifier was first introduced in
» Sample and Hold 1969 (see Note 1), and it has since gained wide acceptance as

a gateable, gain controlled building block for instrumentation
and audio applications, such as linearization of transducer
outputs, standardization of widely changing signals for data
processing, multiplexing, instrumentation amplifiers operating

Instrumentation Amplifiers
Function Generators
Triangle Wave-to-Sine Wave Converters

¢ Comparators from the nanopower range to high current and high speed
¢ Audio Preamplifier comparators.
Ordering Information For additional application information on this device and on
OTAs in general, please refer to Application Notes: AN6818,
TEMP. PKG. ANG6668, and AN6077.
PART NUMBER | RANGE (°C) PACKAGE NO. OTA Obsalstss Op A by C. F. Whealt 4 H A
- “ soletes Op Amp”, by C. F eatley an A
CAS280AE 5510125 116LdPDIP E163 Wittlinger, NEC Proceedings, December 1969.
CA3280E 0to 70 16 Ld PDIP E16.3 NOTE
CA3280AF3 -55to 125 |16 Ld CERDIP F16.3 :
1. “OTA Obsoletes Op Amp”, by C. F. Wheatley and H. A. Wittlinger,
NEC Proceedings, December 1969
Pinout Functional Diagram
CA3280 112 CA3280 @
(PDIP, CERDIP) . R P
TOP VIEW |
A [T] a1 st [16] +IN, A1 A é
EMITTER, A1 [2] [15] -IN, A1 _ @ Vv’
lagc, A1[3] [12] v+, A1 10 'ﬁ 7
v-[3] i3] our, A1 @
ne 5] [12] our, A2 + (8 —®
9
Iasc, A2 [6] [11] v+, A2 2K Lz? 12

EMITTER, A2 [7] |A 1] -IN, A2
In, A2 8] 9] +IN, A2

@s

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1174.3
Copyright © Harris Corporation 1996 3.132
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Absolute Maximum Ratings

Thermal Information

Supply Voltage (Between V+and V=) .. .................. +36V  Thermal Resistance (Typical, Note 3) 8ya (CCW)  8yc (°C/W)
Differential InputVoltage. . . .. ....... ... ... .. .. ... 5V CERDIP Package ................ 65 16
Input Voltage Range.. .. ............................ V+to V- PDIPPackage ................... 100 N/A
InputCurrentatip=0.................. ... ... . ... 100pA  Maximum Junction Temperature (CERDIP Package) ........ 175°C
Amplifier Bias Current (IABG) -+ - -+ -+ v v cv e i 10mA  Maximum Junction Temperature (Plastic Package) ........ 150°C
Output Short Circuit Duration (Note 3) . . .............. Indefinite  Maximum Storage Temperature Range ......... -65°C to 150°C
Linearizing Diode Bias Current, Ip . . .................... 5mA  Maximum Lead Temperature (Soldering 10s)............ 300°C
Peak Input Current with Linearizing Diode . . . .. ............ +lp

Operating Conditions
Temperature Range

(07, % 72 o 0°C to 70°C
CA3280A. ... ... . -55°C to 125°C
Supply Voltage Range (Typ)..................... +2V to 15V

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.

NOTES:
2. Short circuit may be applied to ground or to either supply.
3. 844 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications For Equipment Design, at Ta = 25°C, VgyppLy = 15V, Unless Otherwise Specified

CA3280 CA3280A
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX MIN TYP MAX UNITS § g
Input Offset Voltage Vio Iagc = 1MA - - 3 - - 0.5 mvV 8 %
IABG = 1004A - oz | 3 - 025 | o5 mv g3
IABC = 104A - - 3 - - 0.5 mv oz
lac = 1MA to 10pA, - 0.8 4 - 0.8 1.5 mv °
Ta = Full Temp. Range
Input Offset Voltage Drift IAViol | laBc = 1A to TmA - 0.5 1 - 0.5 1 mv
laBc = 100pA, T = Full - 5 - - 3 5 uv/ree
Temperature Range
Amplifier Bias Voltage Vagc |laBc = 100pA - 1.2 - - 1.2 - Vv
Peak Output Voltage Vom+ |IABC = 500mA 12 13.7 - 12.5 13.7 - \'
Vowm- 12 -14.3 - -133 | -143 - \
Vom+ |laBc =5uA 12 | 139 - 125 | 13.9 - v
Vom- 12 | -145] - -135 | -145 - v
Common Mode Input Voltage VicrR |!aBc = 100pA -13 - 13 -13 - 13 \'
Range
Noise Voltage en lagc = 500pA | 10Hz - 20 - - 20 | - nVAHz
1kHz - 8 - - 8 - nVAHz
10kHz - 7 - - 7 - nVAHz
Input Offset Current lio IABC = 500pA 4 0.3 0.7 - 0.3 0.7 pA
Input Bias Current I IaBC = 500pA - 1.8 5 - 18 | 5 pA
IABC = 500uA, Ta = Full - 3 8 - 3 8 pA
Temperature Range
Peak Output Current lom+ |!aBc =500pA | Source | 350 410 650 350 410 650 A
lom- Sink -350 | -410 | -650 -350 -410 -650 HA
lom+ |laBc =5pA Source 3 4.1 7 3 4.1 7 pA
lom- Sink 3 | -4 -7 -3 -4.1 7 uA
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Electrical Specifications  For Equipment Design, at Tg = 25°C, VguppLy = £15V, Unless Otherwise Specified (Continued)

CA3280 CA3280A
PARAMETER SYMBOL TEST CONDITIONS MIN TYP | MAX MIN TYP MAX UNITS
Peak Output Current Sink and lom-. |laBc = 500uA, Ta = Full 350 450 550 350 450 550 HA
Source lom+ | Temperature Range
Linearization Diodes Ip = 100pA - 10 - - 10 - pA
Offset Current ip = 10pA 05 1 - 0.5 1 MA
Dynamic Impedance Ip = 100pA - 700 - . 700 . Q
Diode Network Supply Current laBc = 100pA 250 400 800 250 400 800 HA
Ampilifier Supply Current I+ IABC = 500pA - 2 24 - 2 2.4 mA
(Per Amplifier) |
Amplifier Output Leakage Current loL lagc =0, Vo = 0V 0.015| 0.1 - 0.015 0.1 nA
laBc = 0, Vg = 30V - 0.15 1 0.15 1 nA
Common Mode Rejection Ratio CMRR |iagc = 100pA 80 100 - 94 100 - dB
Power Supply Rejection Ratio PSRR |Iagc = 100puA 86 105 - 94 105 - dB
Open Loop Voltage Gain AoL IaBC = 100pA, 94 100 - 94 100 - dB
AL = Vo = 20Vp-p 50 | 100 | - 50 | 100 KV
Forward Transconductance Gpm IaBC = 50uA, Large - 0.8 1.2 - 0.8 1.2 m$S
Signal
am IaBG = TMA, Smali Signal| - 16 22 B 16 22 mS
Input Resistance Ry IaBC = 10pA 0.5 - - 05 - - MQ
Channel Separation f=1kHz - 94 - - 94 - dB
Open Loop Total THD | f=1kHz, iagc = 1.5mA, - 0.4 - - 0.4 - %
Harmonic Distortion Ry = 15kQ, Vo = 20Vp.p
Bandwidth fr  |lagc = 1mA, R = 100Q - 9 - 9 - MHz
Slew Rate, Open Loop SR Iagc = 1MmA - 125 - - 125 - Vius
Capacitance Gy Iagc = 100pA | Input B 45 - - 4.5 - pF
Co Output 7.5 - 75 - pF
Output Resistance Ro IaBC = 100pA - 63 - - 63 - MQ
Test Circuits and Waveforms
INPUT
30v l ©_ ‘ OUTPUT
ov
o
10kQ

FIGURE 1. LEAKAGE CURRENT TEST CIRCUIT

FIGURE 2. CHANNEL SEPARATION TEST CIRCUIT
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CA3280, CA3280A

Test Circuits and Waveforms (Continued)

o laBc
Ibiobe

lout

Vin
IaBC = 650uA, Ip = 200pA,; Vertical = 200pA/Div.;
Horizontal = 1V/Div.

FIGURE 3A. EFFECTS OF DIODE LINEARIZATION, WITH DIODE PROGRAMMING TERMINAL ACTIVE

lout

IN
IaBC = 650pA; Ip = 0; Vertical = 200pA/Div,;
Horizontal = 25mV/Div.

FIGURE 3B. WITH DIODE PROGRAMMING TERMINAL CUTOFF
FIGURE 3. CA3280 TRANSFER CHARACTERISTICS

Application Information

Figures 4 and 5 show the equivalent circuits for the current
source and linearization diodes in the CA3280. The current
through the linearization network is approximately equal to the
programming current. There are several advantages to driving
these diodes with a current source. First, only the offset current
from the biasing network flows through the input resistor. Sec-
ond, another input is provided to extend the gain control
dynamic range. And third, the input is truly differential and can
accept signals within the common mode range of the CA3280.

Typical Applications

The structure of the variable operational amplifier eliminates
the need for matched resistor networks in differential to single
ended converters, as shown in Figure 6. A matched resistor
network requires ratio matching of 0.01% or trimming for 80dB
of common-mode rejection. The CA3280, with its excellent
common mode rejection ratio, is capable of converting a small
(+25mV) differential input signal to a single-ended output with-
out the need for a matched resistor network.

Figure 7 shows the CA3280 in a typical gain control application.
Gain control can be performed with the amplifier bias current
(lac)- With no diode bias current, the gain is merely g\Ry . For
example, with an [agc of 1mA, the gy is approximately 16mS.
With the CA3280 operating into a 5k resistor, the gain is 80.

The need for external buffers can be eliminated by the use of
low value load resistors, but the resulting increase in the
required amplifier bias current reduces the input impedance
of the CA3280. The linearization diode impedance also
decreases as the diode bias current increases, which further
loads the input. The diodes, in addition to acting as a linear-
ization network, also operate as an additional attenuation
system to accommodate input signals in the volt range when
they are applied through appropriate input resistors.

Figure 10 shows a triangle wave to sine wave converter
using the CA3280. Two 100kQ) resistors are connected
between the differential amplifier emitters and V+ to reduce
the current flow through the differential amplifier. This allows
the amplifier to fully cut off during peak input signal excur-
sions. THD is appropriately 0.37% for this circuit.
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FIGURE 4. VOA SHOWING LINEARIZATION DIODES AND
CURRENT DRIVE

V+

Rp = SMALL SIGNAL DIODE
IMPEDANCE

pp ST
D Ip(mA) x1.34 = o

ca

Ip

DIFFERENTIAL

FIGURE 6. DIFFERENTIAL TO SINGLE ENDED CONVERTER

INPUT

2kQ

laBc

V-

FIGURE 5. BLOCK DIAGRAM OF LINEARIZED VOA

o 10Vpp 0 V+=4+15V
+5V INPUT
_ 68kQ OUTPUT
21Vpp
600Q 14mV AGC

V+
SINGLE-
ENDED
OUTPUT 100kQ
10k v

1800pF

Lol

YVY

FEEDTHRU

MAX GAIN

15kQ

VOLTAGE
CONTROL

FIGURE 7. TYPICAL GAIN CONTROL CIRCUIT

© 9 @ 8

+——e o -15V
o4 | f_[__ 7
OUTPUT 3T =
4 100kQ TO 10kQ
Y —®-
. 1/2 CD4013 TO Toka
—0OL :

— Toosur
FIGURE 8. TWO CHANNEL LINEAR MULTIPLEXER
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10kQ
MAX FREQ.
SET

5.6kQ 500Q

o—AA—————h—o V-
1kQ

MIN FREQ. SET

1N914

FIGURE 9. CA3280 USED IN CONJUNCTION WITH A CA3160 TO PROVIDE A FUNCTION GENERATOR WITH A TUNABLE RANGE
OF 2Hz TO 1MHz

+15V o

170mVp_p
2k

+15V

2

FIGURE 10. TRIANGLE WAVE-TO-SINE WAVE CONVERTER

Typical Performance Curves

-
(=]
o

R

Ta=

350G 14

I lagc =3mA

Y
Q
B

-
o
w

IaBc = 300pA

| IaBc = 30pA

- lasc =3.0uA

-
o
-

SUPPLY CURRENT (mA)

SMALL SIGNAL FORWARD
TRANSCONDUCTANCE (mS)
-

o

N

JL laBc = 0.3yA

0.1 LlaBc = 00

100 102 108

10 105 108 107
FREQUENCY (Hz)

108

10°

FIGURE 11. AMPLIFIER GAIN vs FREQUENCY

-
o
-

[ Ta=25°C
[ Vg==15V
~
,/
1 /
V.
10!
_
/
w02l
1071 1 10! 102 103
DIODE CURRENT (1A)

FIGURE 12. SUPPLY CURRENT vs DIODE CURRENT
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Typical Performance Curves (Continued)

103
[~ Vg =115V _
v
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FIGURE 13. INPUT OFFSET CURRENT vs AMPLIFIER BIAS

CURRENT
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FIGURE 15. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS

CURRENT
104
~ 103 A
H y.a
E 102 V9=V10=V12=30V" .I
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3 10 — ’.,
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10
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FIGURE 17. LEAKAGE CURRENT vs TEMPERATURE
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> / Ta =-55°C
w2
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FIGURE 14. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS
CURRENT
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FIGURE 16. INPUT CURRENT vs INPUT DIFFERENTIAL

VOLTAGE
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CURRENT

3-138




CA3280, CA3280A

Typical Performance Curves (Continued)

I__ {+]
20 | Ta=25°C

18 \
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10’ 102 103 104 10°
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FIGURE 19. 1/f NOISE vs FREQUENCY
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FIGURE 21. DIODE RESISTANCE vs DIODE CURRENT
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FIGURE 23. SUPPLY CURRENT vs AMPLIFIER BIAS CURRENT
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FIGURE 20. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS
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FIGURE 22. AMPLIFIER GAIN vs AMPLIFIER BIAS CURRENT
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Metallization Mask Layout

Dimensions in parentheses are in millimeters and derived from
the basic inch dimensions as indicated. Grid graduations are in
mils (10-3 inch).

The photographs and dimensions represent a chip when it is
part of the wafer. When the wafer is cut into chips, the cleavage
angles are 57° instead of 90° with respect to the face of the
chip. Therefore, the isolated chip is actually 7 mils (0.17mm)
larger in both dimensions.

-80
-2.032)
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A3420, CA3420A

" "0.5MHz, Low Supply Voltage, Low Input
..Current BIMOS Operational Amplifiers

“Features
¢ 2V Supply at 300pA Supply Current
* 1pA Input Current (Typ) (Essentially Constant to 85°C)
¢ Rail-to-Rail Output Swing (Drive +2maA into 1k2 Load)
* Pin Compatible with 741 Operational Amplifiers

Applications

* pH Probe Amplifiers

¢ Picoammeters

* Electrometer (High Z) Instruments

¢ Portable Equipment

¢ Inaccessible Field Equipment

« Battery-Dependent Equipment (Medical and Military)

Ordering Information

Description

The CA3420A and CA3420 are integrated circuit operational
amplifiers that combine PMOS transistors and bipolar
transistors on a single monolithic chip. The CA3420A and
CA3420 BiMOS operational amplifiers feature gate
protected PMOS transistors in the input circuit to provide
very high input impedance, very low input currents (less than
1pA). The internal bootstrapping network features a unique
guardbanding technique for reducing the doubling of leakage
current for every 10°C increase in temperature. The CA3420
series operates at total supply voltages from 2V to 20V
either single or dual supply. These operational amplifiers are
internally phase compensated to achieve stable operation in
the unity gain follower configuration. Additionally, they have
access terminals for a supplementary external capacitor if
additional frequency roll-off is desired. Terminals are also
provided for use in applications requiring input offset voltage
nulling. The use of PMOS in the input stage results in
common mode input voltage capability down to 0.45V below

OPERATIONAL
AMPLIFIERS

TEMP. PKG. the negative supply terminal, an important attribute for single
PART NUMBER | RANGE (°C) PACKAGE NO. supply application. The output stage uses a feedback OTA
CAB420AE 5510 125 |8 Ld PDIP E8.3 type amp!lf!er that can swing essent!ally from rgll-to-rall. The
- output driving current of 1.5mA (Min) is provided by using
CA3420AT -55t0 125 |8 Pin MetalCan |T8.C nonlinear current mirrors.
CA3420E -55t0 125 |8 Ld PDIP E8.3
CA3420T -55to 125 |8 Pin Metal Can | T8.C
Pinouts Functional Diagram
CA3420 (PDIP)
TOP VIEW : :
— ! !
oFrseT NuLL [1] [8] sTRoBE . .
INV. ! !
INPUT L2 ___D_LZI & ' ;
NON-INV. ° 5 I
inpuT L2 6] ourpur ) !
v [4] 5] oFFseT NULL : : MOS
r 1 BIPOLAR o
] ]
1 1
1 )
1 )
CA3420 (METAL CAN) ! !
TOP VIEW ' '
BUFFER AMPS; | '
TAB  STROBE BOOTSTRAPPED | HIGHGAIN | OTA BUFFER
» INPUT PROTECTION | (50K) . (x2)
OFFSET NULL 3 v+ NETWORK . .
1 L}
INV.
wputr @ (6) OUTPUT
NON-INV.
Mo B, OFFSET NULL
V-
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 320_ 3
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63kHz, Nanopower,
BiMOS Operational Amplifiers

—
B

Features

High Input Resistance................... 2TQ (Typ)
Standby PoweratV+=5V............. 300nW (Typ)

Supply Current, BW, Slew Rate Programmable Using
External Resistor

Input Current
5V to 15V Supply

10pA (Typ)

Output Drives Typical Bipolar Type Loads

Ordering Information

PART NUMBER
(BRAND)

TEMP.
RANGE (°C)

PKG.

PACKAGE NO.

CAS3440AE

-65t0 125 |8 Ld PDIP E8.3

CA3440E

-55t0 125 |8 Ld PDIP E8.3

CA3440M
(3440)

-565t0 125 |8 Ld SOIC M8.15

Description

The CA3440A and CA3440 (see Note) are integrated circuit
operational amplifiers that combine the advantages of MOS
and bipolar transistors on a single monolithic chip.

The CA3440A and CA3440 BIMOS op amps feature gate
protected PMOS transistors in the input circuit to provide
very high input impedance, very low input currents (less than
10pA). These devices operate at total supply voltage from
5V to 15V and can be operated over the temperature range
from -55°C to 125°C. Their virtues are programmability and
very low standby power consumption (300nW). These
operational amplifiers are internally phase compensated to
achieve stable operation in the unity gain follower
configuration. Terminals are also provided for use in
applications requiring input offset voltage nulling. The use of
PMOS in the input stage results in common mode input
voltage capability down to 0.5V below the negative supply
terminals, an important attribute for single supply
applications. The output stage uses MOS complementary
source follower form which permits moderate load driving
capability (10k<2) at very low standby currents (50nA).

The CA3440A and CA3440 have the same 8 pin terminal
pinout as the “741” and other industry standard op amps
with two exceptions: terminals one and five must be
connected to the negative supply or to a potentiometer if
nulling is required. Terminal 8 must be programmed through
an external resistor returned to the negative supply.

NOTE: Formerly Developmental Type No. TA10590.

Pinout

CA3440, CA3440A
(PDIP, SOIC)
TOP VIEW

\Y
V-OFFSET NULL [1 |

INV. INPUT [2]

NON-INV. INPUT [3 ]

V[T

:‘E] IsET
j V+
B OUTPUT

5] v/oFFsET NULL

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996
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CA3450

220MHz, Video Line Driver,
igh Speed Operational Amplifier

High Open Loop Gain at Video Frequencies

L ¥ Y >40dB at f = 5SMHz
Power Bandwidth of 10MHz . . ... AcL =5; Vo =13.5V
Slew Rate at Full Load. ........... 330V/us (Ay > 10)

fr = 220MHz; Cc = OpF With a Load of 50Q 1120pFll
1MQ (Scope Input)

Vour = #4.1V Into 75Q
Offset Null Terminals

Description

The CA3450 (see Note) is a large signal video line driver
and high speed operational amplifier capable of driving 50Q
transmission lines and flash A/Ds. The uncompensated unity
gain crossing occurs at 230MHz without load. It can operate
at dual or single supplies of £7.25V or 14.5V, respectively.
The CA3450 can be compensated with a single capacitor
network. It has output drive capability of 75mA SINK or
SOURCE. The CA3450 is capable of driving Flash A/Ds in
video or high speed instrumentation (accurate) applications
with bandwidth up to 10MHz. Offset voltage nulling terminals
are also available.

NOTE: Formerly Developmental Type No. TA11371A.

Applications
« Video Line Driver Ordering Information
« High Frequency Unity Gain Buffer TEMP. PKG.
PART NUMBER | RANGE (°C) PACKAGE NO.
¢ Pulse Amplifier
i CAB3450E -40t085 |16 Ld PDIP E16.3
¢ High Speed Comparator
¢ High Frequency Oscillator and Video Amplifiers
¢ Driver for A/Ds in Video Applications ..... 10MHz BW
Pinout Block Diagram
CA3450
(PDIP)
TOP VIEW @v V+
OFFSET NULL [T] e [16] OFFSET NULL
ne B e BIAS CIRCUIT
-INPUT 3] % +INPUT \
v v ® X180 —®
A OUTPUT
Vo [§] [11] comp
INPUT CURRENT DC LEVEL OUTPUT POWER
v+ [7] 0] Ne COMPENSATED SHIFT DRIVER AND
v+ 5] 9] comp DIFFERENTIAL STAGE OUTPUT POWER
AMPLIFIER STAGE
OO 00 VOO
— —
OFFSET PHASE V-
NULL COMP

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996

v

File Number

3-143

1732.3

OPERATIONAL
AMPLIFIERS




130, CA5130A

BIWIOS Microprocessor Operational

phﬂers with MOSFET Input/CMOS Output

¢ MOSFET Input Stage

- VeryHighZj............ 1.5TQ (1.5 x 1012Q) (Typ)
- VeryLowl........... 5pA (Typ) at 15V Operation
2pA (Typ) at 5V Operation

Ideal for Single Supply Applications

« Common Mode Input Voltage Range Includes

Negative Supply Rail; Input Terminals Can Be

Swung 0.5V Below Negative Supply Rail

CMOS Output Stage Permits Signal Swing to Either (or

Both) Supply Rails

* CA5130A, CA5130 Have Full Military Temperature Range
Guaranteed Specifications for V+ = 5V

e CA5130A, CA5130 Are Guaranteed to Operate Down to
V+=4.5V for Ag

e CA5130A, CA5130 Are Guaranteed to Operate at 7.5V

CA3130A, CA3130 Specifications

Applications

* Ground Referenced Single Supply Amplifiers
¢ Fast Sample-Hold Amplifiers

* Long Duration Timers/Monostables

¢ High Input Impedance Comparators (Ideal Interface
with Digital CMOS)

¢ High Input Impedance Wideband Amplifiers
* Voltage Followers (e.g., Follower for Single-Supply

Description

CA5130A and CA5130 are integrated circuit operational
amplifiers that combine the advantage of both CMOS and
bipolar transistors on a monolithic chip. They are designed
and guaranteed to operate in microprocessors or logic
systems that use +5V supplies.

Gate protected P-Channel MOSFET (PMOS) transistors are
used in the input circuit to provide very "high input
impedance, very low input current, and exceptional speed
performance. The use of PMOS field effect transistors in the
input stage results in common mode input voltage capability
down to 0.5V below the negative supply terminal, an
important attribute in single supply applications.

A complementary symmetry MOS (CMOS) transistor-pair,
capable of swinging the output voltage to within 10mV of
either supply voltage terminal (at very high values of load
impedance), is employed as the output circuit.

The CA5130 Series circuits operate at supply voltages ranging
from 4V to 16V, or +2V to +8V when using split supplies. They
can be phase compensated with a single external capacitor,
and have terminals for adjustment of offset voltage for
applications requiring offset null capability. Terminal provisions
are also made to permit strobing of the output stage.

The CA5130A, CA5130 have guaranteed specifications for
5V operation over the full military temperature range of
-55°C to 125°C.

Ordering Information

Copyright © Harris Corporation 1996

PART NUMBER TEMP. PKG.
D/A Converter) . (BRAND) RANGE (°C)| PACKAGE NO.
. \[I)c:,l‘:?::::;g)ulators (Permits Control of Output Voltage CAS130AE 5510125 18LdPDIP E83
CA5130AM -55t0 125 |8Ld SOIC M8.15

* Peak Detectors (5130A)
* Single Supply Full Wave Precision Rectifiers CA5130AT 5510 125 |8 Pin Metal Can | 18.C
* Photo Diode Sensor Amplifiers CA5130E 5510 125 |8 Ld PDIP E8.3
¢ 5V Logic Systems CA5130M -5510 125 |8Ld SOIC M8.15
* Microprocessor Interface (5130)

N CA5130T -55t0 125 |8 Pin Metal Can | T8.C
Pinouts

CA5130 (PDIP, SOIC) CA5130 (METAL CAN)
TOP VIEW TOP VIEW
v, PHASE TAB
COMPENSATION STROBE
OFFSET NULL [1] 8] sTRoBE o2
OFFSET NULL 28
INV. INPUT [2] [7]v.
NON-INV. INPUT [3 ] [6] oupur INV. INPUT (6) outpuT
[ 5 | OFFSET NULI
v [4] :I OFFSET NULL NON-INV. INPUT OFFSET NULL
V- AND CASE
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 923_3
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SEMICONDUCTOR,

5160, CA5160A

4MHz,B|MOS Microprocessor Operational
oo ~“Amplifiers-with MOSFET Input/CMOS Output

November1996 {
- Features -
"« MOSFET Input Stage
- Very High Zj; 1.5TQ (1.5 x 1072Q) (Typ)
- Very Low |j; 5pA (Typ) at 15V Operation
2pA (Typ) at 5V Operation

« Common-Mode Input Voltage Range Includes
Negative Supply Rail; Input Terminals Can be
Swung 0.5V Below Negative Supply Rail

¢ CMOS Output Stage Permits Signal Swing to Either
(or Both) Supply Rails

e CA5160A, CA5160 Have Full Military Temperature
Range Guaranteed Specifications for V+ = 5V

e CA5160A, CA5160 Are Guaranteed to Operate Down
to 4.5V for AgL

¢ CA5160A, CA5160 Are Guaranteed Up to +7.5V

Applications

¢ Ground Referenced Single Supply Amplifiers
¢ Fast Sample-Hold Amplifiers

¢ Long Duration Timers/Monostables

¢ Ideal Interface With Digital CMOS

High Input Impedance Wideband Amplifiers

Voltage Followers (e.g., Follower for Single Supply
D/A Converter)

Wien-Bridge Oscillators

¢ Voltage Controlled Oscillators
¢ Photo Diode Sensor Amplifiers

5V Logic Systems
¢ Microprocessor Interface

Description

CA5160A and CA5160 are integrated circuit operational
amplifiers that combine the advantage of both CMOS and
bipolar transistors on a monolithic chip. The CA5160 series
circuits are frequency compensated versions of the popular
CA5130 series. They are designed and guaranteed to operate
in microprocessor or logic systems that use +5V supplies.

Gate-protected P-Channel MOSFET (PMOS) transistors are
used in the input circuit to provide very high input impedance,
very low input current, and exceptional speed performance.
The use of PMOS field effect transistors in the input stage
results in common-mode input voltage capability down to 0.5V
below the negative supply terminal, an important attribute in
single supply applications.

A complementary symmetry MOS (CMOS) transistor pair,
capable of swinging the output voltage to within 10mV of
either supply voltage terminal (at very high values of load
impedance), is employed as the output circuit.

The CA5160 Series circuits operate at supply voltages rang-
ing from +5V to +16V, or 2.5V to £8V when using split sup-
plies, and have terminals for adjustment of offset voltage for
applications requiring offset-null capability. Terminal provi-
sions are also made to permit strobing of the output stage.
They have guaranteed specifications for 5V operation over the
full military temperature range of -55°C to 125°C.

Ordering Information

PART NUMBER TEMP. PKG.
(BRAND) RANGE (°C)| PACKAGE NO.
CA5160AE -55t0 125 |8 Ld PDIP E8.3
CA5160AM (5160A) -55t0 125 |8 Ld SOIC M8.15
CA5160M  (5160) -55t0 125 |8 Ld SOIC M8.15
CA5160E -55t0 125 |8Ld PDIP E8.3
CA5160T -551t0 125 |8 Pin Metal Can | T8.C

Pinouts
CA5160 (METAL CAN)
TOP VIEW
SUPPLEMENTARY TAB
COMPENSQTION - o %d STROBE
OFFSET NULL
INV. INPUT (2) (6) output
NON INV. INPUT OFFSET NULL

V- AND CASE

connected externally between terminals 1 and 8.

NOTE: CA5160 Series devices have an on-chip frequency compensation network. Supplementary phase-compensation or frequency roll-off (if desired) can be

CA5160A, CA5160 (PDIP, SOIC)
TOP VIEW

\J

OFFSET NULL E

E STROBE

~_ [«
: >_‘—E| ouTPUT

5] oFFsETNULL

INV.INPUT | 2

NON INV. INPUT | 3

v-[a

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
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@ HARRIS CA5260, CA5260A

3MHz, BiMOS Microprocessor Operational

November 1996 Amplifiers with MOSFET Input/CMOS Output
Features Description
« MOSFET Input Stage provides The CA5260A and CA5260 are integrated-circuit operational
- Very High Z; = 1.5TQ (1.5 x 10129) (Typ) amplifiers that combine the advantage of both CMOS and

‘bipolar transistors on a monolithic chip. The CA5260 series

- Very Low|; =5pA (Typ) at 15V Operation circuits are dual versions of the popular CA5160 series. They

= 2pA (Typ) at 5V Operation are designed and guaranteed to operate in microprocessor or

* Ideal for Single Supply Applications logic systems that use +5V supplies.

* Common Mode Input Voltage Range Includes Gate-protected P-Channel MOSFET (PMOS) transistors are
Negative Supply Rail; Input Terminals Can be used in the input circuit to provide very-high-input impedance,
Swung 0.5V Below Negative Supply Rail very-low-input current, and exceptional speed performance.

+ CMOS Output Stage Permits Signal Swing to Either The use of PMOS field-effect transistors in the input stage
(or Both) Supply Rails results in common-mode input-voltage capability down to 0.5V

below the negative-supply terminal, an important attribute in
single-supply applications.

A complementary-symmetry MOS (CMOS) transistor-pair,
* CA5260A, CA5260 are Guaranteed to Operate Down to capable of swinging the output voltage to within 10mV of either

4.5V for Ao supply-voltage terminal (at very high values of load imped-
* Fully Guaranteed to Operate from -55°C to 125°C at ance), is employed as the output circuit.
V+ =5V, V-= GND

e CA5260A, CA5260 Have Full Military Temperature
Range Guaranteed Specifications for V+ = 5V

The CA5260 Series circuits operate at supply voltages ranging
from 4.5V to 16V, or £2.25V to +8V when using split supplies.

Applications o
The CA5260, CA5260A have guaranteed specifications for 5V
* Ground Referenced Single Supply Amplifiers operation over the full military temperature range of -55°C to
« Fast Sample-Hold Amplifiers 125°C.
* Long Duration Timers/Monostables Ordering Information
¢ |deal Interface with Digital CMOS
¢ High Input Impedance Wideband Amplifiers PA?;;:\UN%?ER R AL?&P(Z’C) PACKAGE PNK:'
* Voltage Followers (e.g., Follower for Single Supply CASDBOAE IR AT To 3
D/A Converter) S - S
¢ Voltage Regulators (Permits Control of Output Voltage (sgggi(;AM 510125 |8Ld SOl M8.15
Down to 0V)

. . CA5260AM96 -55t0 125 |8 Ld SOIC Tape M8.15
* Wien Bridge Oscillators (5260A) and Reel
¢ Voltage Controlled Oscillators CAB260E 5510125 |8 LdPDIP E83
* Photo Diode Sensor Amplifiers CA5260M 5510125 |8 Ld SOIC MB.15
¢ 5V Logic Systems (5260)
¢ Microprocessor Interface CA5260M96 -551t0 125 |8 Ld SOIC Tape |M8.15

(5260) and Reel
Pinout
CA5260 (PDIP, SOIC)
TOP VIEW
\J
OUTPUT (A) E El Vs
INV. INPUT (8) [ 2 7] output @)
NON INV. INPUT (A) E 6] nv.vpur (B)
V- E 3 NON INV. INPUT (B)
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1929.3
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Absolute Maximum Ratings Thermal Information
Supply Voltage (Between V+ and V- Terminals). . ........... 16V Thermal Resistance (Typical, Note 2) 0,4 (°C/W)
Differential Input Voltage. . .. ............................ 8V PDIP PaCKage . . .. ..o eeeeeeeeeee 96
InputVoltage. . ....................... (V+ +8V) to (V- -0.5V) SOICPACKAGE . . . . oo eeeteeiaeeeeeeaen 157
Input Current. . ... IMA  Maximum Junction Temperature (Die). . ................. 175°C
Output Short Circuit Duration (Note 1) ... ............. Indefinite  Maximum Junction Temperature (Plastic Package) . ... ... 150°C
. - Maximum Storage Temperature Range ......... -65°C to 150°C
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C
Temperature Range ... ..................... -55°C to 125°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.

NOTES:
1. Short circuit may be applied to ground or to either supply.
2. 6,5 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Typical Values Intended Only for Design Guidance, V+ = 5V, V- = 0V, Tp = 25°C,
Unless Otherwise Specified

TYPICAL VALUES
PARAMETER SYMBOL TEST CONDITIONS CA5260 CA5260A UNITS
Input Resistance R 15 15 TQ
Input Capacitance C f=1MHz 4.3 4.3 pF
Unity Gain Crossover Frequency fr 3 3 MHz
Slew Rate SR VouTt =2.5Vp.p 5 5 Vius
Transient Response Cp = 25pF, R = 2kQ
Rise Time t (Voltage Follower) 0.09 0.09 ps
Overshoot 0s ' 10 10 %
Settling Time (To <0.1%, VN = 4Vp_p) ts C =25pF, R = 2kQ 1.8 1.8 us
(Voltage Follower)
Electrical Specifications T =25°C, V+ =5V, V-= 0V
TEST CA5260 CA5260A
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX MIN TYP MAX | UNITS
Input Offset Voltage Vio Vo =25V - 2 15 - 1.5 4 mV
Input Offset Current lio Vo =25V - 1 10 - 1 10 pA
Input Current Iy Vo =25V - 2 15 - 2 15 pA
Common Mode Rejection Ratio | CMRR | Vg =0to 1V 70 85 - 80 85 - daB
Vom=0to 2.5V 50 55 - 50 55 - dB
Common Mode Input Voltage Vicr+ 25 3 - 25 3 - \
Range VicR- - 05 0 - 05 0 v
Power Supply Rejection Ratio PSRR | AV+=1V; AV-=1V 70 84 - 75 84 - dB
Large Signal Voltage Gain AoL R =00, Vo =0.5104V 105 111 - 107 113 - dB
(Note 3) Ry = 10k, 80 | 86 - 83 | 86 - dB
Vo=0.5t0 3.6V
Source Current Isource | Vo =0V 1.75 22 - 1.75 2.2 - mA
Sink Current ISINK Vo =5V 1.70 2 - 1.70 2 - mA
Output Voltage Vom+ |RL=o0 4.99 5 - 4.99 5 - \
Voum- - 0 0.01 - 0 0.01 v
Vom+ | RL=10kQ 4.4 47 - 4.4 4.7 - \Y
Vom- - 0 0.01 - 0 0.01 \
Vom+ |RL=2kQ 3 3.4 - 3 3.4 - v
Vom- - 0 0.01 - 0 0.01 v
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Electrical Specifications

Ta=25°C, V+ =5V, V-= 0V (Continued)

TEST CA5260 CA5260A
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | MIN TYP | MAX ] UNITS
Supply Current IsuppLy | Vo=0V - 1.60 2.0 - 1.60 2.0 mA
Vo =25V - 1.80 2.25 - 1.80 2.25 mA
NOTE:
3. ForV+=4.5V and V- = GND; Voyt = 0.5V t0 3.2V at R|_= 10kQ.
Electrical Specifications  Tp = -55°C to 125°C, V+ = 5V, V- = OV
TEST CA5260 CA5260A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Input Offset Voltage Vio Vo =25V - 3 20 - 2 15 mV
Input Offset Current [ITe) Vo =2.5V - 1 10 - 1 10 nA
Input Current I Vo =25V - 2 15 - 2 15 nA
Common Mode Rejection Ratio CMRR |Veom=0to1V 60 78 - 65 78 - dB
Vem =010 2.5V 50 60 - 50 60 - dB
Common Mode Input Voltage Vicr+ 25 3 - 25 3 - \
Range Vica- - 05 0 - -05 0 v
Power Supply Rejection Ratio PSRR AV+ =1V, 60 65 - 62 65 - dB
AV-=1V
Large Signal Voltage Gain AoL R =0, 70 78 - 70 78 - dB
(Note 4) Vo =0.5t04V
RL = 10kQ, 60 65 - 60 65 - dB
Vo=0.5t03.6V.
Source Current Isource | Vo =0V 1.3 1.6 - 1.3 1.6 - mA
Sink Current ISINK Vo =5V 1.2 14 - 1.2 14 - mA
Output Voltage Vom+ |RL=o0 4.99 - 4.99 5 - \Y
Voum- - 0.01 - 0 0.01 %
Vom+ | RL=10kQ 42 4.4 - 42 4.4 - %
Vom- - 0 0.01 - 0 0.01 \
Vom+ | RL=2kQ 25 2.7 - 25 27 . v
Vowm- - 0 0.01 - 0 0.01 \
Supply Current Isuppy | Vo=0V - 1.65 22 - 1.65 2.2 mA
‘ Vo =25V - 1.95 2.35 - 1.95 2.35 mA
NOTE:
4. ForV+ =45V and V- = GND; VoyT = 0.5V to 3.2V at R = 10kQ.
Electrical Specifications Each Amplifier at Tp = 25°C, V+ = 15V, V- = 0V, Unless Otherwise Specified
TEST CA5260 CA5260A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX [ UNITS
Input Offset Voltage Vio Vg =175 - 6 15 - 2 5 mV
Input Offset Current o Vg =175 - 0.5 30 - 0.5 20 pA
Input Current I Vg =175 - 5 50 - 5 30 pA
Large Signal Voltage Gain AoL Vo = 10Vp.p, 50 320 - 50 320 - kVIV
RL=10k2 94 | 110 - 94 | 110 - B
Common Mode Rejection Ratio CMRR 70 90 - 80 95 - dB

3-148




CA5260, CA5260A

Electrical Specifications Each Amplifier at Ta = 25°C, V+ = 15V, V- = 0V, Unless Otherwise Specified (Continued)

TEST CA5260 CA5260A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Common Mode Input Voltage Vicr 10 -0.5to 0 10 -05t0 0 \
Range 12 12
Power Supply Rejection Ratio, PSRR Vg=7.5 - 32 320 - 32 150 Y
AV|o/ AV+
Maximum Output Voltage Vom+ R = 10kQ 11 13.3 - 11 13.3 - \
Vom- - 0.002 0.01 0.002 0.01 \Y%
Vom+ RL=o0 14.99 15 - 14.99 15 - \Y%
Vom- - 0 0.01 - 0 0.01 \Y
Maximum Output Current lom+ Vo =75V 12 22 45 12 22 45 mA
(Source)
lom- (Sink) 12 20 45 12 20 45 mA
Total Supply Current, R = oo I+ Vo (AmpA)=7.5V - 9 16.5 - 9 16.5 mA
Vo (AmpB)=7.5V
Vo (Amp A) = 0V - 1.2 4 - 12 4 mA
Vo (Amp B) = 0V
Vo (Amp A) = 0V - 5 95 - 5 95 mA
Vo (AmpB)=7.5V
Input Offset Voltage AV|o/AT - 8 - - 6 - uv/ec
Temperature Drift
Crosstalk f=1kHz - 120 - - 120 - daB
Schematic Diagram
V+
AMPLIFIER A . H AMPLIFIER B
Qg Q7 Q21 Q9
Qyq : Qo |ﬂ ) % Q3 :H ! Qs
== —I = = =
D, D — Dg o, Q24
ibﬂ K—i [l {N
ok 3% wol |
»rd r <
Q @ 1 Qg Q22 r [ Qqg
Qq2 0'I Cq — Cy L ’_l Q5 r‘ Qg6
Ry | | 30pF — 3°PF_h Rqq
Q14 Q3| Ry K J . 1K Ry | Q27— Q28
Re . 1K Kas 019 1K ea :(;(?K
200K| T T
K| T Ry Qs Q4 Qg 17 Ris
300K Ry Ry Re Ra 300Q
1K 1K 1K 1K
+IN -IN ouT -IN +IN V-
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CA5420, CA5420A

0.5MHz, Low Supply Voltage, Low Input Current
BiMOS Operational Amplifiers

Features

¢ CA5420A, CA5420 at 5V Supply Voltage with Full
Military Temperature Range Guaranteed
Specifications

CA5420A, CA5420 Guaranteed to Operate from +1V
to 10V Supplies

e 2V Supply at 300pA Supply Current

* 1pA (Typ) Input Current (Essentially Constant to 85°C)
¢ Rail-to-Rail Output Swing (Drive +2mA Into 1kQ2 Load)
¢ Pin Compatible with 741 Op Amp

Applications

* pH Probe Amplifiers

* Picoammeters

¢ Electrometer (High Z) Instruments

¢ Portable Equipment

* Inaccessible Field Equipment

* Battery Dependent Equipment (Medical and Military)
* 5V Logic Systems

* Microprocessor Interface

Ordering Information

Description

The CA5420A and CA5420 (see Note) are integrated circuit
operational amplifiers that combine PMOS transistors and
bipolar transistors on a single monolithic chip. They are
designed and guaranteed to operate in microprocessor logic
systems that use V+ = 5V, V- = GND, since they can operate
down to +1V supplies. They will also be suitable for 3.3V logic
systems.

The CA5420A and CA5420 BiMOS operational amplifiers fea-
ture gate-protected PMOS transistors in the input circuit to
provide very high input impedance, very low input currents
(less than 1pA). The internal bootstrapping network features a
unique guardbanding technique for reducing the doubling of
leakage current for every 10°C increase in temperature. The
CAB420 series operates at total supply voltages from 2V to
20V either single or dual supply. These operational amplifiers
are internally phase compensated to-achieve stable operation
in the unity gain follower configuration. Additionally, they have
access terminals for a supplementary external capacitor if
additional frequency roll-off is desired. Terminals are also pro-
vided for use in applications requiring input offset voltage null-
ing. The use of PMOS in the input stage results in common-
mode input voltage capability down to 0.45V below the nega-
tive supply terminal, an important attribute for single supply
application. The output stage uses a feedback OTA type
amplifier that can swing essentially from rail-to-rail. The output

Copyright © Harris Corporation 1996

PART NUMBER TEMP. PKG. v s A N X
(BRAND) RANGE (°C) PACKAGE NO. driving current of 1.0mA (Min) is provided by using nonlinear
CA5420AM 5510 125 |8 Ld SOIC Me.15 | currentmirors.
(5420A) These devices have guaranteed specifications for 5V
CAB420AT 5510 125 |8 Pin Metal Can | T8.C ope(r)ation over the full military temperature range of -55°C to
CA5420E -55t0 125 |8 Ld PDIP E8.3 125°C.
CAB420M 5510 125 18 Ld SOIC M8.15 The CA5420 series has the same 8 lead pinout used for the
(5420) industry standard 741.
CA5420T -55t0 125 |8 Pin Metal Can |T8.C NOTE: Formerly Development Type No. TA10841.
Pinouts Functional Diagram
CA5420 (PDIP, SOIC) CA5420 (METAL CAN) CA5420
TOP VIEW TOP VIEW . .
1 1 g
1 1
TAB _STROBE 1 1
Y Pl
OFFSET [ [8]sTROBE  OFFSE @ Vs ' '
INV. NULL ot .
INPUT L2 __ﬂV* INV. 1 1
INPUT (6)OUTPUT '
NON-INV. 3 [6]outpur 1
INPUT NON INV. {3) (5 i ! ! ~
OFFSET -
V-E :INULL NPUT 4 SEEEET : :
V- ] 1
I 1
1 1
NOTE: Pin is connected to Case. BBUFFERRﬂ::b : HIGH GAIN : OTA BUFFER
INPUT PROTECTION | (soK) (X2)
NETWORK ' X
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 925_3
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Absolute Maximum Ratings

Supply Voltage (Between V+ and V- Terminals). ............ 22V
Differential Input Voltage. . .. ........................... 15V
InputVoltage. ... ...................... (V+ + 8V) to (V- -0.5V)
InputCurrent. ... ... ... 1mA
Output Short Circuit Duration (Note 1). . .............. Indefinite

Operating Conditions
Temperature Range . ....................... -55°C to 125°C

Thermal Information

Thermal Resistance (Typical, Note 2) 8ya (°C/W) 8¢ (°C/W)
96

PDIP Package ................... N/A

SOICPackage................... 157 N/A

Metal Can Package . .............. 165 80
Maximum Junction Temperature (Metal Can) .............. 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range (All Types). .. -65°C to 150°C
Maximum 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.

NOTES:
1. Short circuit may be applied to ground or to either supply.

2. 64a is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +5V; V- = GND, T = 25°C

PARAMETER SYMBOL TEST CONDITIONS CA5420 CA5420A UNITS
Input Resistance Ry 150 150 TQ
Input Capacitance C 4.9 49 pF
Output Resistance Ro 300 300 Q
Equivalent Input eN f=1kHz Rg = 100Q 62 62 nVAHz
Noise Voltage f= 10kHz 38 38 nVAHz
Short-Circuit Current Source lom+ 2.6 2.6 mA
To Opposite Supply Sink lom- 2.4 2.4 mA
Gain Bandwidth Product fr 0.5 0.5 MHz
Slew Rate SR 0.5 0.5 Vius
Transient Response Rise Time t RL = 2kQ, C|_= 100pF 0.7 0.7 us
Overshoot 0os 15 15 %
Current from Terminal 8 To V- Ig+ 20 20 pA
Current from Terminal 8 To V+ Ig- 2 2 mA
Settling Time 0.01% Ay =1 2Vp_p Input 8 8 us
0.10% Ay=1 2Vp.p Input 45 45 us
Electrical Specifications Ta = 25°C, V+ = 5V, V- = 0, Unless Otherwise Specified
TEST CA5420 CA5420A
PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Input Offset Voltage Vio Vo =25V - 1.5 10 - 1 5 mv
Input Offset Current o Vo =25V - 0.02 1 - 0.02 0.5 pA
Input Current Iy Vo =25V - 0.02 2 - 0.02 1 pA
Common Mode Rejection Ratio CMRR |Vcm=0103.7V,Vg=25V] 70 80 - 75 83 - dB
Common Mode Input Voltage Vicr+ [Vo=25V 3.7 4 - 3.7 4 - \
Range Vich- - T3] o - o3 o
Power Supply Rejection Ratio PSRR |AV+=1V;AV-=1V 70 80 - 75 83 - dB
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Electrical Specifications

Ta= 25°C, V+ =5V, V-

= 0, Unless Otherwise Specified (Continued)

TEST CA5420 CA5420A
PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Large Signal Voltage Gain AoL v
Vo =0.5104V Ry =00 85 87 - 85 87 - dB
Vo =0.5to 4V RL = 10kQ 85 87 - 85 87 - dB
Vo=0.7t0 3V R =2kQ 80 85 - 80 85 - dB
Source Current Isource |Vo =0V 1.2 27 - 1.2 27 - mA
Sink Current lsink  |Vo =5V 1.2 2.1 - 1.2 2.1 - mA
Output Voltage Vom+ |RL=o° 4.9 4.94 - 4.9 4.94 - \
Voum- - 0.13 | 0.15 - 0.13 | 0.15 v
Vom+ |RL=10kQ 4.7 4.9 - 4.7 4.9 - \
Vowm- - 012 | 0.15 - 0.12 | 0.15 \"
Vom+ |RL=2kQ 3.5 4.6 - 3.5 4.6 - \
Vowm- - 0.1 0.15 - 0.1 0.15 \
Supply Current Isuppy |Vo=0V - 400 500 - 400 500 pA
Vo=25V - 430 550 - 430 550 pA
Electrical Specifications Tp = -55°C to 125°C, V+ = 5V, V- = 0, Unless Otherwise Specified
TEST CA5420 CA5420A
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vio Vo =25V - 3 15 - 2 10 mV
Input Offset Current lio Vo =25V - 15 3 - 15 3 nA
Up to Tp = 85°C o - 10 - 2 10 pA
nput Current U] Vo =25V - 5 - 2 5 nA
Up to Tp = 85°C ] - 15 25 - 10 15 pA
Common Mode Rejection Ratio CMRR [Vcm=0103.7V, 65 75 - 70 80 - dB
Vo =25V
Common Mode Input Voltage Vicr+ |Vo=25V 3.7 4 - 37 4 - v
Range VicR- - 03 0 - 0.3 0 v
Power Supply Rejection Ratio PSRR [AV+=1V; 65 80 - 70 83 - dB
AV-=1V
Large Signal Voltage Gain AoL
Vo =05to 4V R =00 80 85 - 85 87 - dB
Vo =0.7to 4V Ry = 10kQ 80 85 - 80 87 - dB
Vo =0.7to 2.5V R = 2kQ 75 80 - 75 80 - dB
Source Current Isource |Vo=0V 1 27 - 1 27 - mA
Sink Current Isink |Vo =5V 1 21 - 1 2.1 - mA
Output Voltage Vom+ |RL=o° 4.8 4.9 - 4.8 4.9 - \
Vowm- - 0.16 0.2 - 0.16 0.2 v
Vom+ |RL=10kQ a7 49 - 47 49 - v
Vom - 0.15 0.20 - 0.15 0.2 v
Vom+ |RL=2kQ 3 4 - 3 4 - \Y
Vom- - 0.14 0.2 - 0.14 0.2 v
Supply Current Isuppy |Vo=0V - 430 550 - 430 550 nA
Vo =2.5V - 480 600 - 480 600 pA
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Electrical Specifications

For Equipment Design at VgyppLy = =1V, Ta = 25°C, Unless Otherwise Specified

TEST CA5420 CA5420A
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vio - 5 10 - 2 5 mV
Input Offset Current lhol - 0.01 | 4 (Note 3) - 0.01 | 4 (Note 3) pA
Input Current 1yl - 0.02 | 5 (Note 3) - 0.02 | 5 (Note 3) pA
Large Signal Voltage Gain AoL RL = 10kQ 10 100 - 20 100 - kv
80 100 - 86 100 - dB
Common Mode Rejection Ratio CMRR - 560 1800 - 560 1000 nvwv
55 65 - 60 65 - dB
Common Mode Input Voltage Vicr+ 0.2 0.5 - 0.2 0.5 - \
Range Vick- N T ; 4 | 13 ; v
Power Supply Rejection Ratio PSRR - 100 1000 - 32 320 uvnv
60 80 - 70 90 - dB
Maximum Output Voltage Vom+ |RL=o° 0.9 0.95 - 0.9 0.95 -
Vowm- -0.85 | -0.91 - -0.85 | -0.91 - \
Supply Current IsupPLY - 350 650 - 350 650
Device Dissipation Pp - 0.7 1.1 - 0.7 1.1 mw
Input Offset Voltage Temp. Drift AV|o/AT - 4 - - 4 - uvree
Electrical Specifications For Equipment Design at Vgypppy = £10V, Tp = 25°C, Unless Otherwise Specified
TEST CA5420 CA5420A
PARAMETER SYMBOL | CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vio - 5 10 - 2 5 mV
Input Offset Current ol - 0.03 | 4 (Note 3) - 0.03 | 4 (Note 3) pA
Input Current 1l - 0.05 | 5 (Note 3) - 0.05 | 5 (Note 3) pA
Large Signal Voltage Gain AoL R = 10kQ 10 100 - 20 100 - kviv
80 100 - 86 100 - dB
Common Mode Rejection Ratio CMRR - 100 320 - 100 320 uvnv
70 80 - 70 80 - dB
Common Mode Input Voltage Vicr+ 8.5 9.3 - 9 93 - \"
Range Vicr- 0 | -103 - 0 | -103 - v
Power Supply Rejection Ratio PSRR - 32 320 - 32 320 v
70 90 - 70 90 - dB
Maximum Output Voltage Vom+ R = 9.7 9.9 - 9.7 99 - \"
Vom- -9.7 -9.85 - -9.7 -9.85 - \'
Supply Current IsupPLY - 450 1000 - 450 1000
Device Dissipation Pp - 9 14 - 9 14 mw
Input Offset Voltage AV o/AT - 4 - - 4 - uv/ee
Temperature Drift
NOTE:

3. The maximum limit represents the levels obtainable on high-speed automatic test equipment. Typical values are obtained under

laboratory conditions.
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Typical Applications

Picoammeter Circuit

The exceptionally low input current (typically 0.2pA) makes
the CA5420 highly suited for use in a picoammeter circuit.
With only a single 10G< resistor, this circuit covers the range
from +1.5pA. Higher current ranges are possible with suitable
switching techniques and current scaling resistors. Input tran-
sient protection is provided by the 1MQ resistor in series with
the input. Higher current ranges require that this resistor be
reduced. The 10MQ resistor connected to pin 2 of the
CA5420 decouples the potentially high input capacitance
often associated with lower current circuits and reduces the
tendency for the circuit to oscillate under these conditions.

High Input Resistance Voltmeter

Advantage is taken of the high input impedance of the CA5420
in a high input resistance DC voltmeter. Only two 1.5V “AA”
type penlite batteries power this exceedingly high-input resis-
tance (>1,000,000MQ) DC voltmeter. Full-scale deflection is
+500mV, £150mV, and £15mV. Higher voltage ranges are eas-
ily added with external input voltage attenuator networks.

The meter is placed in series with the gain network, thus
eliminating the meter temperature coefficient error term.

Supply current in the standby position with the meter unde-
flected is 300pA. At full-scale deflection this current rises to
800uA. Carbon-zinc battery life should be in excess of 1,000
hours.

10GQ
AA.
\AAS
10pr 1V v
" MG 7 500-0-500
Yvy \AAS - HA
MQ: 10MQ
cA5420 >~(6)—1—(M)
3H:, 1 4 +50pA 1.5an; 15kQ
— o—4 <
= 3 BATTERY L
RETURNS Slska S15ke
10kQ #15pA 3 J asomv3 1% |
L g o3 ag
= S 4300 S4300 ]
+5pA 1% +50mvV 1%
A5V o—?
<1500 <1500
+15pAT 1% +15mv 1%
o—ie
2680 > 680
1\"('(1;:1% pS 11010, 2
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Typical Performance Curves
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CA5420, CA5420A

Typical Performance Curves (Continued)
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CA5470

Quad, 14MHz, Microprocessor BiMIOS-E
Operational Amplifier with MOSFET Input/Bipolar Output

&

November 1996

Features

* High Speed CMOS Input Stage Provides
- VeryHighZ.......cccnn.... 5TQ (5 x 1012Q) (Typ)
- VeryLowlj........... 0.5pA (Typ) at 5V Operation
- VeryLowlg ......... 0.5pA (Typ) at 5V Operation

* ESD Protection to 2000V
* 3V to 16V Power Supply Operation

* Fully Guaranteed Specifications Over Full Military
Range

¢ Wide BW (14MHz); High SR (5V/us) at 5V Supply
¢ Wide V|cr Range From -0.5V to 3.7V (Typ) at 5V Supply
¢ Ideally Suited for CMOS and HCMOS Applications

Applications

* Bar Code Readers

* Photodiode Amplifiers (IR)

* Microprocessor Buffering

¢ Ground Reference Single Supply Amplifiers
Fast Sample and Hold

Déscription

The CA5470 is an operational amplifier that combines the
advantages of both high speed CMOS and bipolar transistors
on a single monolithic chip. It is constructed in the BiMOS-E
process which adds drain-extension implants to 3um polygate
CMOS, enhancing both the voltage capability and providing
vertical bipolar transistors for broadband analog/digital func-
tions. This process lends itself easily to high speed operational
amplifiers, comparators, analog switches and interface periph-
erals, resulting in twice the speed of the conventional CMOS
transistors having similar feature size.

BiMOS-E are broadbased bipolar transistors that have high
transconductance, gains more constant with current level, sta-
ble “precision” base-emitter offset voltages and superior drive
capability. Excellent interface with environmental potentials

_enable use in 5V logic systems and future 3.3V logic systems.

Refer to Application Note AN8811.

ESD capability exceeds the standard 2000V level. The
CA5470 series can operate with single supply voltages from
3V to 16V or £1.5V to +8V. They have guaranteed specifica-
tions at both 5V and 7.5V at room temperature as well as
over the full -55°C to 125°C military range.

* Timers Ordering Information
* Voltage Controlled Oscillators
PART NUMBER TEMP. PKG.
* Voltage Followers (BRAND) RANGE (°C)| PACKAGE NO.
e Vtol Converters CA5470E -55t0 125 |14 Ld PDIP E14.3
¢ Peak Detectors CA5470M -55t0 125 |14 Ld SOIC M14.15
¢ Precision Rectifiers (5470)
. CA5470M96 -56510 125 |14 Ld SOIC Tape |M14.15
e 5V Logi 1
SV Logic Systems (5470) and Reel
¢ 3V Logic Systems
Pinout
\ CAS5470 (PDIP, SOIC)
TOP VIEW
\J
outpuT 1 [1] [13] outPuT 4
NEG. INPUT 1 E% &E NEG. INPUT 4
™. T
POS. INPUT 1 [3 _1__3] POS. INPUT 4
AN [11] v-
POS.INPUT 2[5 E POS. INPUT 3
=3 | o] =
NEG. INPUT 2 [6 E NEG. INPUT 3
ouTPUT 2 [7] 8 | OUTPUT 3
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 946_3

Copyright © Harris Corporation 1996
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Absolute Maximum Ratings Thermal Information
DC Supply Voltage (Between V+ And V- Terminals) ......... 16V Thermal Resistance (Typical, Note 1) 6,a (CC/W)
Differential Input Voltage. .. ............................. 8V PDIPPackage . . . ..o ovoeeeeee e 80
Input Voltage. . ... (V++8V)to (V--0.5V)  SOICPackage. ...........ocovveeuuvnnnin.. 175
InputCurrent. . .............. ... ... 1mMA  Maximum Junction Temperature (Die). ... ................ 175°C
Output Short Circuit Duration (Note 1) ................ Indefinite  Maximum Junction Temperature (Plastic Package) . . ... ... 150°C
Maximum Storage Temperature Range ......... -65°C to 150°C
Operating Conditions Maximum Lead Temperature (Soldering 10s). ............ 300°C
Temperature Range . ........................ -55°C to 125°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.
NOTES:
1. Short circuit may be applied to ground or to either supply.
2. 6,4 is measured with the component mounted on an evaluation PC board in free air.
Electrical Specifications Typical Values Intended Only for Design Guidance at V+ = 5V, V- = 0V, Tp = 25°C, Unless Otherwise Specified
PARAMETER SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS
Input Resistance R 5 TQ
Input Capacitance C f=1MHz 3.1 pF “
Unity Gain Crossover Frequency fr 14 MHz
Slew Rate SR Vour = 3.65Vp.p 5 Vius :tl »
Transient Response: Cy = 25pF, R.= 2kQ g e
Rise Time/Fall Time 4 (Voltage Follower) 27/25 ns E %
Overshoot 0s 20 % e %
Settling Time (To <0.1%, Vin = 4Vp.p) ts CL = 25pF, R.= 2kQ 1 us &<
(Voltage Follower)
Full Power BW, SR = 5V/us FPBW Ay =1, Voyr =3.65Vp.p 436 kHz
Electrical Specifications T, =25°C, V+ = 5V, V- = GND
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Vol - 6 22 mv
Input Offset Current ol - 0.5 50 (Note 3) pA
Input Current Iy - 0.5 50 (Note 3) pA
Common Mode Input Range Vicr 35 -0.5t03.7 0 \
Common Mode Rejection Ratio CMRR Vicr =0V to 3.5V 55 70 - dB
Power Supply Rejection Ratio PSRR AV =2V 60 75 - daB
Positive Output Voltage Swing Vom+ R =2kQ to GND 4 44 - \
Negative Output Voltage Swing Vom- R = 2kQ to GND - 0.06 0.10 \
Total Supply Current IsuPPLY Vout =25V, R =0 - 6 7 mA
Unity Gain Bandwidth Product fr 10 14 - MHz
Slew Rate SR 4 5 - V/us
Output Current ]
Source to opposite supply ISOURCE 4 5.5 - mA
Sink to opposite supply IsINK 1.0 1.2 - mA
Open Loop Gain AoL 0.5V to 3.5V, R = 10kQ 80 90 - dB
NOTE:
3. This is the lowest value that can be tested reliably. Almost all devices will be <10pA.
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Electrical Specifications Tj =-55°C to 125°C, V+ = 5V, V- = GND

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Vol - 6 25 mv
Input Offset Current ol - 550 5500 pA
Input Current ] - 550 11000 pA
Common Mode Input Range ) Vicr 35 -0.5t03.7 0 \
Common Mode Rejection Ratio CMRR Vicr = 0V to 3.5V 50 65 - dB
Power Supply Rejection Ratio PSRR AV =2V 58 75 - dB
Positive Output Voltage Swing Vom+ RL = 2kQ to GND 3.8 4.2 - \
Negative Output Voltage Swing Vom- A RL = 2kQ to GND - 0.08 0.11 Vv
Total Supply Current IsuppPLY VouTt =2.5V - 9 11 mA
Unity Gain Bandwidth Product fr 8 12 - MHz
Slew Rate SR 3 5 - Vius
Output Current
Source to opposite supply ISOURCE 4 55 - mA
Sink to opposite supply IINK 0.8 1.2 - mA
Open Loop Gain Aol 0.5V to 3.5V, Ry = 10kQ 80 90 - dB
Electrical Specifications Ty = 25°C, VgyppLy = ﬂ.év
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Vol - 5 25 mV
Input Offset Current ol - 0.5 50 (Note 4) pA
Input Current Iy - 1 50 (Note 4) pA
Common Mode Input Range Vicr 58 -7.8106.0 -7.5 \
Common Mode Rejection Ratio CMRR | V|cp=0Vto 13.3V 60 70 - dB
Power Supply Rejection Ratio PSRR AV =1V 60 76 - dB
Positive Output Voltage Swing Vom+
Ry = 2kQ to GND 6.3 6.5 -
R = 10kQ to GND 6.4 6.6 -
Negative Output Voltage Swing Vowm-
RL = 2kQ to GND - -2.6 -2 \"
R = 10kQ to GND - -7.3 A \"
Total Supply Current IsuppPLY Vout =GND, R = e - 10 12 mA
Unity Gain Bandwidth Product fr 12 16 - MHz
Slew Rate SR 4 7 - Vius
Output Current
Source to opposite supply ISOURCE 6.2 - 6.8 - mA
Sink to opposite supply IsINK 1 1.4 - mA
Open Loop Gain AoL -5V to +5V, R = 10kQ 80 90 - dB
NOTE:

4. This is the lowest value that can be tested reliably. Almost all devices will be <10pA.
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Electrical Specifications

Ta= -55°C to 125°C, VsuppLy = £7.5V

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage WVio! - 5 30 mv
Input Offset Current ol - 550 5500 pA
Input Current ] - 1100 11000 pA
Common Mode Input Range Vicr 58 -7.8t06.0 -75 \
Common Mode Rejection Ratio CMRR Vicr =0V to 3.5V 58 70 - dB
Power Supply Rejection Ratio PSRR AV =1V 60 76 - dB
Positive Qutput Voltage Swing Vom+
Ry = 2kQ to GND 4.75 5.5 %
R = 10kQ to GND 6.1 6.4 - \
Negative Output Voltage Swing Vom-
Ry = 2kQ to GND 2.6 -2
‘ Ry = 10kQ to GND - 7.3 7.1 v
Total Supply Current IsuppLY Vout = GND, R = oo - 12 18 mA
Unity Gain Bandwidth Product fr 10 15 - MHz
Slew Rate SR 3 7 - Vius
Output Current
Source to opposite supply ISOURCE 6.2 6.8 - mA
Sink to opposite supply ISINK 1 1.4 - mA
Open Loop Gain AoL -5V to +5V, R = 10kQ 80 90 dB
Block Diagram ('/, of CA5470)
Ve @1.8mAIAMP
TOBIAS ¢ T +—+ < )
CIRCUIT A 10048 L 150ua L 32008 pEm 50uA
6 6 é 1.2mA
T )
anpuT [ 2| sl * ~ —1 ouTPUT
o e !
ANPUT Ay = a} Ay = 5408 0:-1"LJ"|—_<
if 203 20 /
@
PMOS DIFFERENTIAL GROUNDED GATE COMPOSITE MILLER OUTPUT STAGE GND OR
INPUT STAGE LEVEL SHIFTER GAIN STAGE - SUPPLY
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Typical Performance Curve
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FIGURE 1. ‘MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY

Metallization Mask Layout

Dimensions in parentheses are in millimeters and
derived from the basic inch dimensions as indicated.
Grid graduations are in mils (103 inch).

The layout represents a chip when it is part of the
wafer. When the wafer is cut into chips, the cleavage
angles are 57° instead of 90° with respect to the face
of the chip. Therefore, the isolated chip is actually 7
mils (0.17mm) larger in both dimensions.

97.2 —
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HA-2400, HA-2404,
HA-2405

40MHz, PRAM Four Channel
Programmable Amplifiers

Features

¢ Programmability

Description
THA-2400/04/05 comprise a series of four-channel

+IN1 E
-IN2 E
+|N2E

E ourt

OUTPUT AMP 3 v

e HighRateSlew....................ooiaunn 30V/us programmable amplifiers providing a level of versatility
* Wide Gain Bandwidth ..................... 40MHz  Unsurpassed by any other monolithic operational amplifier.
A ) Versatility is achieved by employing four input amplifier
e HighGain ...............ovoiiiiiinnnt, 150kV/V channels, any one (or none) of which may be electronically
e lowOffsetCurrent ................cvvvnnnn 5nA  selected and connected to a single output stage through
« High Inputimpedance...................... 30MmQ DTUTTL compatible address inputs. The device formed by
« Single Capacitor Compensation the. output and the selected pair of.mpuls is an op amp which
i delivers excellent slew rate, gain bandwidth and power
¢ DTU/TTL Compatible Inputs bandwidth performance. Other advantageous features for
li . these dielectrically isolated amplifiers include high voltage
App ications gain and input impedance coupled with low input offset
¢ Thousands of Applications; Program voltage and offset current. External compensation is not
- Signal Selection/Multiplexing required on this device at closed loop gains greater than 10.
- Operational Amplifier Gain Each channel of the HA-2400/04/05 can be controlled and
- Oscillator Frequency operated with suitable feedback networks in any of the
- Filter Characteristics standard op amp configurations. This specialization makes
. Add-Subtract Functions these amplifiers excellent components for multiplexing signal
- Integrator Characteristics selection and mathematical function designs. With 30V/us
9 slew rate, 40MHz gain bandwidth and 30MQ input
- Comparator Levels impedance these devices are ideal building blocks for signal
: P generators, active filters and data acquisition designs.
Ordenng Information Programmability, coupled with 4mV typical offset voltage and
TEMP. PKG. 5nA offset current, makes these amplifiers outstanding
PART NUMBER | RANGE (°C) PACKAGE NO. components for signal conditioning circuits.
HA1-2400-2 -55t0125 [16LdCERDIP  [F16.3 During Disable Mode Voyt goes to V-. For high output
HA1-2404-4 -25t085 |16 Ld CERDIP F16.3 impedance during Disable, see HA2444.
HA1-2405-5 Oto75 |16LdCERDIP F163 For further design ideas, see Application Note AN514.
HA3-2405-5 Oto 75 16 Ld PDIP E16.3
Pinout
TRUTH TABLE
HA-2400/04 (CERDIP)
HA-2405 (CERDIP, PDIP) D1 DO EN SELECTED CHANNEL D1
TOP VIEW) L L H 1 L
o L H H 2
+IN3E + -El Do -
> [ e, G I ? i
s [z - L__E] D1 H H H 4 H
+|N4[Z+:§ E ENABLE X X L None, Voyr goes to V- X
-INg E - E GND
-IN1 E _:5: 12} SOME
>

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Corporation 1996
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HA-2400, HA-2404, HA-2405

Absolute Maximum Ratings T =25°C Thermal Information
Voltage Between V+and V-Terminals . . ................ 45,0V Thermal Resistance (Typical, Note 2) 844 (°CIW) 8, (°C/W)
Differential Input Voltage. . .. ....................... VsuppLY PDIPPackage ................... 80 N/A
Digital InputVoltage . .. .................... -0.76V to +10.0V CERDIP Package ................ 90 35
OutputCurrent . .......... Short Circuit Protected, Igc <t33mA) = Maximum Junction Temperature (Ceramic Package). . .. . . .. 175°C
Internal Power Dissipation (Note 1) Maximum Junction Temperature (Plastic Package) ....... 150°C
Maximum Storage Temperature Range ......... -65°C to 150°C

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C)
Temperature Range

HA2400-2. . .. oe e -55°C to 125°C

HA-2404-4. . .. ... ... -25°C to 85°C

HA-2405-5. ... ... .t 0°C to 75°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.

NOTES:

1. Maximum power dissipation including output load, must be designed to maintain the junction temperature below 175°C for the ceramic
package, and below 150°C for the plastic packages.

2. 6,4 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Test Conditions: Vgypppy = £15V, Unless Otherwise Specified. Digital Inputs: V)|_= +0.5V, V| = +2.4.
Limits apply to each of the four channels, when addressed

TEST TEMP. HA-2400/04 ~ HA-2405
PARAMETER CONDITIONS (°c) MIN | TYP [ mAX | MIN | TYP | MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage 25 - 4 9 - 4 9 mV
Full - - 1 - - 11 mv
Bias Current (Note 8) 25 - 50 200 - 50 250 nA
Full - - 400 - - 500 nA
Offset Current (Note 8) 25 - 5 50 - 5 50 nA
Full - - 100 - - 100 nA
Input Resistance (Note 8) 25 - 30 - - 30 - MQ
Common Mode Range Full 9.0 - - +9.0 - - \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain RL = 2kQ 25 50 150 - 50 150 - kVIV
Vour = 20Vp_p Ful 25 - - 25 - - KV/V
Common Mode Rejection Ratio VoM =15V Full 80 100 - 74 100 - dB
Gain Bandwidth (Notes 3, 9) 25 20 40 - 20 40 - MHz
Gain Bandwidth (Notes 4, 9) : 25 4 8 - 4 8 - MHz
Minimum Stable Gain (Ccomp=0) 10 - - 10 - - )
OUTPUT CHARACTERISTICS
Output Voltage Swing R =2kQ Full +10.0 | +12.0 - +10.0 | £12.0 - \%
Output Current 25 10 20 - 10 20 - mA
Full Power Bandwidth (Notes 3, 10) Vout =20Vp.p 25 640 950 - 640 950 - kHz
Full Power Bandwidth (Notes 4, 10) Vout = 20Vp.p 25 200 250 - 200 250 - kHz
TRANSIENT RESPONSE (Note 11)
Rise Time (Note 4) VouTt = 200mVpgak 25 - 20 45 - 20 50 ns
Overshoot (Note 4) VouT = 200mVpgak 25 - 25 40 - 25 40 %
Slew Rate (Note 3) Vourt = 10Vp_p 25 20 30 - ] 20 30 - Vius
Slew Rate (Notes 4, 9) Vout = 10Vp_p 25 6 8 - 6 8 - Vius
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HA-2400, HA-2404, HA-2405

Electrical Specifications Test Conditions: Vgyppyy = £15V, Unless Otherwise Specified. Digital Inputs: V= +0.5V, V| = +2.4.
Limits apply to each of the four channels, when addressed (Continued)

TEST TEMP. HA-2400/04 HA-2405
PARAMETER CONDITIONS (°c) MIN TYP | MAX | MIN | TYP | MAX | UNITS
Settling Time (Notes 4, 5, 9) Vour = 10Vpp 25 - 1.5 25 - 15 25 us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current ViN=0V Full - 1 1.5 - 1 1.5 mA
Digital Input Current ViN = +5.0V Full - 5 - - 5 - nA
Output Delay (Notes 6, 9) 25 - 100 | -250 - 100 250 ns
Crosstalk (Note 7) 25 -80 -110 - -74 -110 - dB
POWER SUPPLY CHARACTERISTICS
Supply Current 25 - 4.8 6.0 - 4.8 6.0 mA
Power Supply Rejection Ratio Vg =+10V to £20V Full 74 90 - 74 90 - dB
NOTES:
3. Ay =+10, Ccomp =0, R = 2kQ, C = 50pF.
4. Ay = +1, Ccomp = 15pF, R = 2kQ, C_ = 50pF.
5. To 0.1% of final value.
6. To 10% of final value; output then slews at normal rate to final value.
7. Unselected input to output; Vi = £10Vpc.
8. Unselected channels have approximately the same input parameters.
9. Guaranteed by design.
10. Full Power Bandwidth based on slew rate measurement using: FPBW = PreT . Vpeak = 5V
11. See Figure 13 for test circuit. PEAK
Schematic Diagram
HA-2400
IN+ IN- o COMP
[ < +Vce
R2 2Ry R12 <
2’4" $16K  1.6KS
R3
1.8K™ Qs VE Qg
X
Ry 4
22.9K |
w
] <
m
2 e o
oA Re<
Ras 2.0K
1.6K b3
GND) »
N
Q41
Q2 ) Q13 vC Qgo v
Q
auf
7 TO ADDITIONAL
INPUT STAGES
P, \:] VA K Qg
<Rg € Rip> SR11 > 2R <R R19% Ry 2
i ”] $hes mes3ly 23me | Sh et
16 |15 10K, °
Do & > D1 Ve

Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stage
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HA-2400, HA-2404, HA-2405

Typical Applications
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DECODE/ [ |
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outeut L7
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BRI EHR

DECODE/ |—
| conTRoL | D1

\J

Do

5>
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16

DIGITAL 3
E’j_enouno IN :5 LD
= o comp -
12 15pF E’j_ c
v+ [0 415v
110 L1sv *
10 —0
[10}——vp—0 output L7 10— ouT
out AMP V-[e}—o
[9}— -5V
15V
Iy
32K Sample Charging Rate = 6V/s
o
Hold Drift Rate = <V/s
S 1K Q
Switch Pedestal Error = 6V
2 500 Iy ~ 150 x 10°6A
1 I, ~ 200 x 10°9A at 25°C
=600 x 10°9A at -55°C
500 9 o
~100 x 109A at 125°C
= Q=~2x10"12c

FIGURE 1. HA-2400 AMPLIFIER, NONINVERTING
PROGRAMMABLE GAIN

FIGURE 2. HA-2400 SAMPLE AND HOLD

For more examples, see Harris Application Note AN514.
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HA-2400, HA-2404, HA-2405

Typical Performance Curves
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HA-2400, HA-2404, HA-2405

Typical Performance Curves (Continued)
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FIGURE 9. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE
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@D HARRIS HA-2406

30MHz, Digitally Selectable Four Channel

November 1996 Operational Amplifier
Features Description
¢ TTL Compatible Inputs The HA-2406 is a monolithic device consisting of four op
« Single Capacitor Compensation amp input stages that can be individually connected to one

output stage by decoding two TTL lines into four channel

* LowCrosstalk .................ooiieinn. “110dB  geject signals. In addition to allowing each channel to be

e HighSlewRate....................oooout. 20V/us addressed, an enable control disconnects all input stages
e LowOffsetCurrent .......................... 5nA from the output stage when asserted low.

o OffSEt VOHAGE. . ... ooveeveeeinennennnennens 7mv  Each input-output combination of the HA-2406 is designed

) ) . to be a 20V/us, 30MHz gain-bandwidth amplifier that is

* High Gain-Bandwidth ..................... 30MHZ  aple at a gain of ten. By connecting one external 15pF

e HighlInputlmpedance...................... 30MQ capacitor all amplifiers are compensated for unity gain

operation. The compensation lead may also be used to limit

Applications the output swing to TTL levels through suitable clamping

diodes and divider networks (see Application Note AN514).
« Digital Control Of

- Analog Signal Multiplexing Dielectric isolation and short-circuit protected output stages

contribute to the quality and durability of the HA-2406.

- Op Amp Gains When used as a simple amplifier, its dynamic performance
- Oscillator Frequencies is very good and when its added versatility is considered,
- Filter Characteristics the HA-2406 is unmatched in the analog world. It can
- Comparator Levels replace a number of individual components in analog signal
conditioning circuits for digital signal processing systems.
Ordering Information Its advantages include saving board space and reducing

power supply requirements.

TEMP

PARTNO. | RANGE (°C) PACKAGE PKG. NO. | During Disable Mode Voyt goes to V-. For high output
impedance during Disable, see HA2444.
HA1-2406-5 0to75 16 Ld CERDIP  |F16.3

HAB.2406.5 01075 16 Ld PDIP E16.3 For further design ideas, see Application Note AN514.
HA9P2406-5 0to 75 16 Ld SOIC M16.3
HA9P2406-9 -40 to 85 16 Ld SOIC M16.3
Pinout
HA-2406 TRUTH TABLE
(PDIP, CERDIP, SOIC)
TOP VIEW) SELECTED
D1 | DO | EN CHANNEL
= L L H 1
IN3[1 |+ 16 | DO
+IN3 :b- —1 DECODE :]
N3z [+ CONTROL El D1 L]HIH 2
H L H 3
+Na[3 ]+ I_El ENABLE
:b‘ H{H][H 4
N4 4 I- [is] oo x [ x| L [None, vour
-~
+|N1%+ FTY AASNRSAN
we[7 PSS [ Foureor—
+IN2|8 I+ OUTPUT AMP E] v
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2892_2
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HA-2406

Absolute Maximum Ratings T =25°C Thermal Information

Supply Voltage Between V+ and V-Terminals . ... .......... 45V Thermal Resistance (Typical, Note 1) 84a (°CCW) 8, (°C/W)
Differential Input Voltage. . . ................ ... .. .. VsupPPLY PDIPPackage ................... 80 N/j
Output Current . .......... Short Circuit Protected (Isc < £33mA) SOICPackage................... 96 N/A
CERDIP Package ................ 90 35

Operating Conditions Maximum Junction Temperature (Ceramic Package) .. .. .. .. 175°C

Maximum Junction Temperature (Plastic Package) ........ 150°C

Temperature Range o o Maximum Storage Temperature Range .......... -65°C to 150°C

Hasdons. 11111111111 oG ggaeg  Meimum Load Tomperaure (Sadering 105 0%

(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.

NOTE:
1. 8yp is measured with the component mounted on an evaluation PC board in free air.

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

TEST HA-2406-5, -9
PARAMETER CONDITIONS TEMP (°C) | MIN | TYP | MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage 25 - 7 10 mvV
Full - - 12 mvV
Bias Current (Note 7) 25 - 50 250 nA
Full - - 500 nA
Offset Current (Note 7) 25 - 5 50 nA
Full - - 100 nA
Input Resistance (Note 7) ’ 25 - 30 - MQ
Common Mode Range Full +9.0 - - \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain RL =2kQ 25 40 150 - kVivV
Vour =20Vp-p Full 20 - - kVIV
Common Mode Rejection Ratio VoM =15V Full 74 80 - dB
Gain Bandwidth Product (Notes 2, 9) 25 15 30 - MHz
Gain Bandwidth Product (Notes 3, 9) 25 3 6 - MHz
Minimum Stable Gain Ccomp =0 10 - - VN
OUTPUT CHARACTERISTICS
Output Voltage Swing R = 2kQ Full +10.0 | £12.0 - \
Output Current Vour =10V 25 10 15 - mA
Full Power Bandwidth (Notes 2, 8, 9) Vout =20Vp_p 25 240 320 - kHz
Full Power Bandwidth (Notes 3, 8) Vout =20Vp.p 25 64 95 - kHz
TRANSIENT RESPONSE (Note 10)
Rise Time (Note 3) VouT = 200mVpgak 25 - 30 100 ns
Overshoot (Note 3) Vout = 200mVpgak 25 - 25 40 %
Slew Rate (Notes 2, 9) Vout = 10Vp.p 25 15 20 - Vips
Slew Rate (Note 3) Vout = 10Vp.p 25 4 6 - Vus
Settling Time (Notes 3, 4) Vout = 10Vp_p 25 - 2.0 35 us
CHANNEL SELECT CHARACTERISTICS
Digital Input Current |V|N =0V Full - | 1 I 1.5 J mA
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HA-2406

Electrical Specifications Test Conditions: Vgypppy = 15.0V, Unless Otherwise Specified. Digital Inputs: Vj_ = +0.5V, V| = +2.4V.
Limits apply to each of the four channels, when addressed. (Continued)

TEST HA-2406-5, -9
PARAMETER CONDITIONS TEMP (°C)| MIN TYP MAX | UNITS
Digital Input Current VN = +5.0V Full - 15 - nA
Output Delay (Notes 5, 9) 25 - 150 300 ns
Crosstalk (Note 6) 25 -74 -110 - dB
POWER SUPPLY CHARACTERISTICS
Supply Current 25 - 4.8 7.0 mA
Power Supply Rejection Ratio Vg =£10V to +20V Full 74 90 - dB
NOTES:
2. Ay =+10, Ccomp =0, R = 2kQ, C_ = 50pF.
3. Ay = +1, Ccomp = 15pF, R = 2kQ, C| = 50pF.
4. To 0.1% of final value.
5. To 10% of final value; output then slews at normal rate to final value.
6. Unselected input to output; V)y = £10V
7. Unselected channels have approximately the same input parameters.
8. Full power Bandwidth based on slew rate measurement using: FPBW = 28—1&/% .
9. Sample tested. PEAK
10. See Figure 11 for test circuit.
Schematic Diagram
IN+ IN- @ COMP
< [ +Vee
Qy Rz g Ry Ry2 < R13<
2}4" Sk 16K 0.8K$
Qs VE Qg s Q30
Qzﬂ
Qa7 Q26
<R
y ek P
o
3 Q];'J
w <
o+ Rg< Q29[ Q21
1.6K :’
< 5.6K
GND |'E Qyo VD Esa
Py I/Q
Qg L] | 3 89
g’ Q ve Q J
S 13 '90 Qg1
| ___I]
Q
1 } "EQ TO ADDITIONAL
7 INPUT STAGES
v, vB VA Qa2
Rg S | Rg2 2R R 3 ™ Rig 2 Roo 3
U BAES? % [ Froe, T3k | Fi s 0w
Q16 1.5 10K

Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stag

-VEe
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HA-2406

Typical Applications

\

A\
N [ Do
o——— DECODE/ [~ ie—
CONTROL
5 DIGITAL
5 — CONTROL

| ENABLE
DIGITAL
GND E}_:LGHOUND

COMP

E__L 15pF
v [0 4 15v
9

%%Vjﬁ

F-'»'—IJJ~7|I'°ITIF‘71F1IJ<;|IT=1I'|:I

OUTPUT out
AMP Vv V-[0}—o
-5V
>
Sk
31k

FIGURE 1. HA-2406 AMPLIFIER, NONINVERTING
PROGRAMMABLE GAIN

\J

DO
peEcoDE/ |—116
CONTROL | D1
—15]
| ENABLE |77 _S—L
H
GND [13
:5 _L_ DIGITAL
compP = GROUND
E__l_ c
:b" ‘ v+ [T +15v
m
V |

BRI R

OUTPUT

AMP V- E—o

out

|
Sample Charging Rate = éV/s

1
Hold Drift Rate = gws

Switch Pedestal Error = gv
Iy = 150 x 10°6A
Ip ~ 200 x 10°9A at 25°C
~ 600 x 109A at -55°C
=100 x 109A at 125°C
Q=2x10"12C

FIGURE 2. HA-2406 SAMPLE AND HOLD

For more examples, see Harris Application Note AN514.
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HA-2406

Typical Performance Curves
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HA-2406

Typical Performance Curves (Continued)
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FIGURE 9. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE
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HA-2444

' 50MHz, Selectable, Four Channel
Video Operational Amplifier

Features
* Digital Selection of Input Channel
¢ Unity Gain Stability

e Gain Flatnessto 10MHz. .................... 0.1dB
o Differential Gain........................... 0.03%
¢ Differential Phase.................... 0.03 Degrees
¢ Fast Channel Selection...................... 60ns
e Crosstalk Rejection......................... 60dB
Applications

¢ Video Multiplexer

¢ Programmable Gain Amplifier
Special Effects Processors

¢ Video Distribution Systems

+ Heads-up/Night Vision Displays
¢ Medical Imaging Systems

* Radar Video

3

Ordering Information

Description

The HA-2444 is a channel-selectable video op amp
consisting of four differential inputs, a single-ended output,
and digital control circuitry allowing two digital inputs to
activate one of the four differential inputs. The HA-2444 also
includes a high impedance output state allowing the outputs
of multiple HA-2444s to be wire-OR'd. Functionally, the
HA-2444 is equivalent to four wideband video op amps and
a wideband multiplexer.

Unlike similar competitor devices, the HA-2444 is not
restricted to multiplexing. Any op amp configuration can be
used with any of the inputs. Signal amplification, addition,
integration, and more can be put under digital control with
broadcast quality performance.

The key video parameters of the HA-2444 have been
optimized without compromising DC performance. Gain
Flatness to 10MHz is only 0.1dB. Differential gain and phase
are typically 0.03% and 0.03 degrees, respectively. Laser
trimming allows offset voltages in the 4.0mV range and a
unique common current source design assures minimal
channel-to-channel mismatch, while maintaining 60dB of
crosstalk rejection at 5SMHz. Open loop gain of 76dB and low

TEMP. PKG. input offset and bias currents enhance the performance of
PART NUMBER | RANGE (°C) PACKAGE NO. this versatile device.
HAS-2444-5 Oto75 16LdPDIP E163 For information about military grade devices, please refer to
HA3-2444-9 -40to85 |16 Ld PDIP E16.3 the HA-2444/883 data sheet.
HA9P2444-5 0to75 16 Ld SOIC M16.3
HA9P2444-9 -40t085 |16LdSOIC M16.3
Pinout Logic Operation
HA-2444 TRUTH TABLE
(PDIP, SOIC)
TOP VIEW SELECTED
EN D1 Do CHANNEL
\J
GND E DECODE 6] o1 H L L !
NTROL H L H 2
en 2|12 fetis] oo
H H L 3
+IN2 E é[zl +IN4 H ) H 2
anz [a H7 E -IN4 L X X NONE-OUT is set to a high
v E EI ve impedance state.

e
out E—q— (o] ne

Low State (0.8V Max)
High State (2.4V Min)
Don’t Care

xTr
wonon

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1996
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) RRIS HA-2500, HA-2502,
SEMICONDUCTOR HA'2505

12MHz, High Input Impedance,

November 1996 Operational Amplifiers
Features Description
eSlewRate ..........ciiiiiiiiiiiiiiiennnn 30V/us HA-2500, HA-2502, HA-2505 comprises a series of
e FastSettling.........ooovvvviiiiinia... 330ns Operational amplifiers whose designs are optimized to
i deliver excellent slew rate, bandwidth, and settling time
* Full Power Bandwidth ..................... 500kHz  specifications. The outstanding dynamic features of this
o Gain Bandwidth - .. .o n oo 12MHz internally compensated device are complemented with low
offset voltage and offset current.
¢ HighInputimpedance...................... 50MQ
These dielectrically isolated amplifiers are ideally suited for
* LowOffsetCurrent .............ccccvnnnnnn 10nA applications such as data acquisition, RF, video, and pulse
« Internally Compensated For Unity Gain Stability conditioning circuits. Slew rates of +30V/us and 330ns
(0.1%) settling time make these devices excellent
Applications components in fast, accurate data acquisition and pulse
PP amplification designs. 12MHz small signal bandwidth and
* Data Acquisition Systems 500kHz power bandwidth make these devices well suited to
« RF Amplifiers RF and video applications. With 2mV typical offset voltage
) - plus offset trim capability and 10nA offset current, HA-2500,
* Video Amplifiers HA-2502, HA-2505 are particularly useful components in
+ Signal Generators signal conditioning designs.
; . The gain and offset voltage figures of the HA-2500 series
Ordering Information are optimized by internal component value changes while
PART TEMP the similar design of the HA-2510 series is maximized for
NUMBER | RANGE (°C) PACKAGE PKG.NO. | Slew rate.
HA2-2500-2 -5510 125 | 8 Pin Metal Can | T8.C MIL-STD-883 product and data sheets are available upon
HA2-2502-2 -551t0 125 | 8 Pin Metal Can | T8.C request.
HA2-2505-5 0to 75 8 Pin Metal Can | T8.C
HA3-2505-5 0to 75 8 Ld PDIP E8.3
HA7-2500-2 -55to 125 8 Ld CERDIP F8.3A
HA7-2505-5 0to75 8 Ld CERDIP F8.3A
Pinouts
HA-2500/02 (CERDIP) HA-2500/02/05
HA-2505 (PDIP, CDIP) (METAL CAN)
TOP VIEW TOP VIEW
\Y

BAL II E] comp
~ 21— [7]vs
o 5] >—|—__s_-|ou1

V- E E BAL

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2890_2
Copyright © Harris Corporation 1996 3174



HA-2500, HA-2502, HA-2505

Absolute Maximum Ratings

Supply Voltage Between V+ and V-Terminals . .. ........... 40V
Differential Input Voltage. . .. ........................... 15V
Peak OutputCurrent. .. ......... ... .. ... .. 50mA

Operating Conditions

Temperature Range
HA-2500/2502-2 . .. ... ... ... -55°C to 125°C
HA-2505-5. . ..ot 0°C to 75°C

Thermal Information

Thermal Resistance (Typical, Note 1) 84 (°CW)  Byc (°C/W)
165

Metal Can Package . .............. 80

PDIPPackage ................... 96 N/A

CERDIP Package ................ 135 50
Maximum Junction Temperature (Hermetic Package) ........ 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range ......... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 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.

NOTE:

1. 8ya is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications  vg=+15v
TEMP HA-2500-2 HA-2502-2 HA-2505-5
PARAMETER ©c) | mn | TYP | MAX | MIN ] TYP [ MAX MIN1 TYP—[ MAX | UNITS
INPUT CHARACTERISTICS
Offset Voltage 25 - 2 5 - 4 8 - 4 8 mV
Full - - 8 - - 10 - - 10 mV al »
Offset Voltage Average Drift Full - 20 - - 20 - - 20 - uv/ree % ﬁ
Bias Current 25 - 100 200 - 125 250 - 125 250 nA E ;
Full - - 400 . - 500 . - 500 nA g 5
Offset Current 25 - 10 25 - 20 50 - 20 50 nA
Full - - 50 - - 100 - - 100 nA
Input Resistance (Note 2) 25 25 50 - 20 50 - 20 50 - MQ
Common Mode Range Full +10 - - +10 - - +10 - - \
TRANSFER CHARACTERISTICS
Large Signal Voltage Gain (Notes 3, 6) 25 20 30 - 15 25 - 15 25 - kVIV
Full 15 - - 10 - - 10 - - kV/V
Common Mode Rejection Ratio Full 80 90 - 74 90 - 74 90 - dB
(Note 4)
Gain Bandwidth Product (Note 5) 25 - 12 - - 12 - - 12 - MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) Full +10 +12 - +10 +12 - +10 +12 - \
Output Current (Note 6) 25 +10 120 - +10 +20 - +10 +20 - mA
Full Power Bandwidth (Notes 6, 11) 25 350 500 - 300 500 - 300 500 - kHz
TRANSIENT RESPONSE
Rise Time (Notes 3, 7, 8, 9) ‘ 25 - 25 50 - 25 50 - 25 50 ns
Overshoot (Notes 3, 7, 8, 9) 25 - 25 ‘40 - 25 50 - 25 50 %
Slew Rate (Notes 3, 7, 9, 12) 25 +25 +30 - +20 +30 - +20 t30l - Vips
Settling Time to 0.1% 25 - 0.33 - - 0.33 - - 0.33 - us
(Notes 3,7, 9, 12)
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HA-2500, HA-2502, HA-2505

Electrical Specifications Vg=215V (Continued)

TEMP HA-2500-2 HA-2502-2 HA-2505-5
PARAMETER ©c) | mn | TYP I max | min | TYP | MAX | MIN l TYP | MAX | uNITS

POWER SUPPLY CHARACTERISTICS

Supply Current 25 - 4 6 - 4 6 - 4 6 mA

PSRR (Note 10) Full 80 90 - 74 90 - 74 90 - dB
NOTES:

2. This parameter value is based on design calculations.

3. RL = 2kQ.

4. Vom = £10V.

5. Ay > 10.

6. Vo =%10V.

7. CL = 50pF.

8. Vo =+200mV.

9. See Transient Response Test Circuits and Waveforms.
10. AV = 15V.

11. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = Slew Rate/2nVpgak.
12. Voy1 =45V.

Test Circuits and Waveforms

+5V

+200mV
'NPl;; | ' INPUT I
. | I
8V T - T T T, eSS omv S
OUTPUT 90% 1 + -— P!ERSHqu ____________
ve - 10%_J/ V. | ERROR BAND +200MV - = — o N~ — — — -
SV-=- <-!Stew 1 +10mVFROM 90% - —
At | RATE 1 FINAL VALUE ouTPUT
] ]
\ , =AV/At 1

1
! 10%. 4 |
. omv )
SETTLING 1~ RISE TIME

NOTE: Measured on both positive and negative transitions from 0V to +200mv and 0V to -200mV at the output.
FIGURE 1. SLEW RATE AND SETTLING TIME FIGURE 2. TRANSIENT RESPONSE

T

et

-0 OUT

S0pF 1!!1!11!/
A

i-

AA
A4

N

)

I

N

o
R = 2kQ, C = 50pF Vertical = 5V/Div.
NOTE: Measured on both positive and negative transitions from 0V Upper Trace: Input Horizontal = 200ns/Div.
to +200mv and OV to -200mV at the output. Lower Trace: Output Ta = 25°C, Vg = 15V
FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. VOLTAGE FOLLOWER PULSE RESPONSE
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HA-2500, HA-2502, HA-2505

Test Circuits and Waveforms (continued)

1uF

V4

INPUT
AA
AAA
2|
S
$ 5kQ
- o OUT
D
G
2N4416
S SETTLING TIME
TEST POINT
2%Q CR4 CR,
13. Ay =-1.
14. Feedback and Summing Resistor Ratios should be 0.1%
matched. NOTE: Tested offset adjustment range is IVgg + 1mVI minimum
15. Clipping Diodes CRy and CRj, are optional. HP5082-2810 referred to output. Typical ranges are +6mV with Ry = 20kQ.
recommended.
FIGURE 5. SETTLING TIME TEST CIRCUIT FIGURE 6. SUGGESTED Vgg ADJUSTMENT AND COMPEN-
SATION HOOK UP
Schematic
BAL BAL

Q
33 i: Roz
Q3 Q3¢ < 112K

- INPUT
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HA-2500, HA-2502, HA-2505

Typical Performance Curves vg =15V, Ty = 25°C, Unless Otherwise Specified
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HA-2500, HA-2502, HA-2505

Typical Performance Curves v - +1sv, Ty = 25°C, Unless Otherwise Specified (Continued)
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HA-2500, HA-2502, HA-2505

PASSIVATION:

Die Characteristics

DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up):
57 mils x 65 mils x 19 mils Unbiased
1450um x 1650um x 483um TRANSISTOR COUNT:
METALLIZATION:
40
. [+
Type: Al, 1% Cu PROCESS:

Thickness: 16kA + 2kA
Bipolar Dielectric Isolation

Type: Nitride (Si3N4) over Silox (SiO2, 5% Phos.)

Silox Thickness: 12kA + 2kA
Nitride Thickness: 3.5kA + 1.5kA

Metallization Mask Layout
) HA-2500, HA-2502

+IN -IN BAL

compP

V+
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@) HARRIS HA-2510, HA-2512,
SEMICONDUCTOR HA-2515

12MHz, High Input Impedance,

November 1996 Operational Amplifiers
Features Description
eSlewRate ................... oo 60V/ius HA-2510/12/15 are a series of high performance operational
) amplifiers which set the standards for maximum slew rate,
* FastSettling.................oviiiiinnn, 250ns highest accuracy and widest bandwidths for internally com-
e Full Power Bandwidth . . ..ooovvererrnnnnnn. 1MHz Pensated devices. In addition to excellent dynamic charac-
teristics, these dielectrically isolated amplifiers also offer low
e GainBandwidth .......................... 12MHz  offset current and high input impedance.
* High Inputimpedance..................... 100MmQ The 160V/us slew rate and 250ns (0.1%) settling time of these
amplifiers is ideally suited for high speed D/A, A/D, and pulse
* LowOffsetCurrent ......................... 10nA amplification designs. HA-2510/12/15’s superior 12MHz gain
3 i . bandwidth and 1000kHz power bandwidth is extremely useful
* Internally Compensated for Unity Gain Stability in RF and video applications. For accurate signal conditioning
these ampilifiers also provide 10nA offset current, coupled with
A pplications 100MQ input impedance, and offset trim capability.
MIL-STD-883 product and data sheets available upon request.
* Data Acquisition Systems ) .
. Ordering Information
* RF Amplifiers
. . TEMP. PKG.
* Video Amplifiers PART NUMBER |RANGE (°C)| PACKAGE NO.
* Signal Generators HA2-2510-2 -5510 125 |8 PinMetalCan |T8.C
e Pulse Amplification HA2-2512-2 -55t0 125 |8 Pin Metal Can | T8.C
HA2-2515-5 0to75 8 Pin Metal Can T8.C -
HA3-2515-5 0to 75 8 Ld PDIP E8.3
HA7-2510-2 -565t0 125 |8 Ld CERDIP F8.3A
HA7-2512-2 -55t0 125 |8 Ld CERDIP F8.3A
HA7-2515-5 0to 75 8 Ld CERDIP F8.3A
Pinouts
HA-2510/12 (CERDIP) HA-2510/12/15
HA-2515 (PDIP, CERDIP) (METAL CAN)
TOP VIEW TOP VIEW
J
BAL [1] 8] comp
N [2] [7] v+
+IN [3] 6] our
v-[3 5] BAL
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2893_2
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HA-2510, HA-2512, HA-2515

Absolute Maximum Ratings

Voltage Between V+andV-Terminals . .. .................
Differential Input Voltage. . .. ...........................
Peak QutputCurrent. . ...,

Operating Conditions

Temperature Range
HA-2510/12-2. ...
HA-2515-6. .. ... .o

-55°C to 125°C

0°C to 75°C

Thermal Information

Thermal Resistance (Typical, Note 1)

8Ja (°CIW)  8yc (°C/W)
Metal CanPackage . .............. 165 80

PDIPPackage ................... 96 N/A

CERDIP Package ................ 135 50
Maximum Junction Temperature (Hermetic Package) . . ... ... 175°C
Maximum Junction Temperature (Plastic Package) ........ 150°C
Maximum Storage Temperature Range ... ...... -65°C to 150°C
Maximum Lead Temperature (Soldering 10s)............. 300°C

o

CAUTION: Stresses above those listed in “Absolute M:

Ratings” may cause p

ge 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.

NOTE:

1. 6ya is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Vgyppry = +15V

TEMP HA-2510-2 HA-2512-2 HA-2515-5
PARAMETER ©c) | mn | TP I Max | MmN I TYP I max | min | TYP I MAX | uNITS
INPUT CHARACTERISTICS
Offset Voltage 25 - 4 8 - 5 10 - 5 10 | mv
' Fal | - ] - e - B VR Y
Offset Voltage Average Drift Full - 20 - - 25 - - 30 - uVPp
Bias Current 25 - 100 200 - 125 250 - 125 250 nA
Full - - 400 - - 500 - - 500 nA
Qﬁset'Current 25 - 10 25 - 20 50 - 20 50 . nA
Full - - 50 - - 100 - - 100 nA .
Input Res?stance (Note 2) 25 50 100 - 40 100 - 40 100 - MQ
Common Mode Range Full +10.0 - - +100]| - - +10.0 - - \"
TRANSFER CHARACTERISTICS -
Large Signal Voltage Gain (Notes 3, 6) 25 10 | 15 - 75 | 15 - l7s | 15 .
‘ _ Full 75 | - - 5 - - 5 | - - | kv
Common que Rejection Ratio (Note 4) Full 80 90 - 74 - 90 - 74 90 - . dB
Gain Bandwidth Product (Néte 5) .- 25 - 12 - - 12 - - 12 - MHz
OUTPUT CHARACTERISTICS
Output Voltage Swing (Note 3) Full +10.0 | +12.0 - +10.0 | +12.0 - +10.0 | £+12.0 V-
| Output Current (Note 6) 25 +10 +20 - +10 +20 - +10 20 | - .. MA
Full Power Bandwidth (Notes 6, 11) 25 750 1000 - 600 1000 - 600 1000 - kHz
TRANSIENT RESPONSE
Rise Time (Notes 3, 7, 8, 9) 25 - 25 50 - .25 50 - 25 50 ns
Overshoot (Notes 3, 7, 8, 9) 25° - ‘25 40 -5 25 50 - 25 ‘50 %
Slew Rate (Notes 3, 7, 9, 12) 25 50 | 265 - +40 | +60 . +40 | +60 - Vigs .
Settling Time to 0.1% (Notqs 3,7,9,12) 25 - 0.25 - - 0.25 - - 0.25 - us.
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HA-2510, HA-2512, HA-2515

Electrical Specifications Vgypp.y =215V (Continued)

HA-2510-2 HA-2512-2 HA-2515-5
TEMP
PARAMETER ©c) | min l TYP I max | MmN I TvP | max | miN | TYP | max | units
POWER SUPPLY CHARACTERISTICS
Supply Current 25 - 4 6 - 4 6 - 4 6 mA
Power Supply Rejection Ratio (Note 10) Full 80 90 - 74 90 - 74 90 - dB
NOTES:
2. This parameter value is based on design calculations.
3. R = 2kQ.
4. Vom = 210V
5. Ay >10.
6. Vo =%10V.
7. CL =50pF.
8. Vo = £200mV.
9. See Transient Response Test Circuits and Waveforms.
10. AV =15V.
11. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = Slew Rate/2nVpgak.
12. Voyrt =#5V.
Test Circuits and Waveforms
+sV +200mV
INPUT I
-5V v I INPUT
pi Ay omv I
OUTPUT {0 __ OvEmRswoor _ _________._
e ERROR BAND +200MV - — — /- N g — — — — -
SV--- +10mV FROM 90% - - -
FINAL VALUE OUTPUT :
10% \
'

SETTLING
<~ TIME ™

NOTE: Measured on both positive and negative transitions from 0V
to +200mV and 0V to -200mV at the output.

FIGURE 1. SLEW RATE AND SETTLING TIME

ouTt

AA
\d
N
5

50pF

I

NOTE: Measured on both positive and negative trénsitions from OV
to +200mV and 0V to -200mV at the output.

FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE

omvV
—=! = RISE TIME

NOTE: Measured on both positive and negative transitions from 0V
to +200mV and 0V to -200mV at the output. '

FIGURE 2. TRANSIENT RESPONSE

N

N

\‘

e

Vertical = 5V/Div.
Horizontal = 200ns/Div.
Ta= 25°C, Vg =15V

RL = 2kQ, C_= 50pF
Upper Trace: Input
Lower Trace: Output

FIGURE 4. VOLTAGE FOLLOWER PULSE RESPONSE
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HA-2510, HA-2512, HA-2515

Test Circuits and Waveforms (continued)

1pF

V+

INPUT 2kQ

£ 5k
D
2N4416
S SETTLING TIME
TEST POINT
2kQ CRy CR2
NOTES:
13. Ay=-1.
14. Feedback and summing resistor ratios should be 0.1% matched.
15. Clipping diodes CRy and CR; are optional. HP5082-2810 NOTE: Tested offset adjustmgnt range is IVOS + 1mYI minimum
recommended. referred to output. Typical ranges are +6mV with Rt = 20kQ.
FIGURE 5. SETTLING TIME TEST CIRCUIT FIGURE 6. SUGGESTED Vog ADJUSTMENT AND
COMPENSATION HOOK UP
Schematic
© BAL o BAL
Rs  Rs |[Rgx PRs
Yo fﬂ) T200{200¢ 200
wy wy
=R7 |Rios
LR T1.8K11.8KT
e Z 1% | Q8]
Yo, M2z R
2K '—KQ Cp
RaI NS 2.7pF
33 Q; | Qg
9603 K
o, F
o |
L
COMPl  okE
[ s o K037 Qa0
+IN Q. Q
Poox 168K
] lﬁﬂss 2! 26
1 Q28
Q;
29 Qz6
Ra3 Rag
Qa4 3.0KL-é027 3.0»%
¥ Q3o
Q33 ¥Q3¢ <R22
N Q2| yaz 2400
o—
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HA-2510, HA-2512, HA-2515

Typical Performance Curves
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FIGURE 7. POWER SUPPLY CURRENT vs TEMPERATURE
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FIGURE 11. OPEN LOOP GAIN AND PHASE RESPONSE
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HA-2510, HA-2512, HA-2515

Typical Performance Curves
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FIGURE 13. OPEN LOOP GAIN RESPONSE FOR VARIOUS

(Continued)
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VALUES OF CAPACITORS FROM COMPENSATION

PIN TO GROUND
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OPEN LOOP VOLTAGE GAIN vs TEMPERATURE
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FIGURE 15. OUTPUT VOLTAGE SWING vs FREQUENCY
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HA-2510, HA-2512, HA-2515

Die Characteristics

DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up):
65 mils x 57 mils x 19 mils Unbiased
1650um x 1450um x 483um TRANSISTOR COUNT:
METALLIZATION: 0

Type: Al, 1% Cu
Thickness: 16kA +2kA

PASSIVATION:

Type: Nitride (SigN4) over Silox (SiOp, 5% Phos.)
Silox Thickness: 12kA +2kA
Nitride Thickness: 3.5kA +1.5kA

PROCESS:

Bipolar Dielectric Isolation

Metallization Mask Layout
HA-2510, HA-2512, HA-2515

COMP

V+
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M HARRIS HA-2520, HA-2522,
SEMICONDUCTOR | HA-2525

20MHz, High Slew Rate, Uncompensated,

November 1996 High Input Impedance, Operational Amplifiers
Features Description
¢ HighSlewRate............. eeeaaean .... 120V/ips  HA-2520/2522/2525 comprise a series of operational amplifiers
delivering an unsurpassed combination of specifications for
e FastSettling...................cciiiinnnt 200ns slew rate, bandwidth and settiing time. These dielectrically
e FullPowerBandwidth . ...........ovvvvennnn 2MHz isolated amplifiers are controlled at close loop gains greater
than 3 without external compensation. In addition, these high
* Gain Bandwidth (Ay23).............c.00en 20MHz e rformance components also provide low offset current and
« High InputImpedance.............ccccuune. 100MQ  high input impedance.
e LowOffsetCurrent .................. e 10nA 120V/us slew rate and 200ns (0.2%) settiing time of these
amplifiers make them ideal components for pulse amplification
: : and data acquisition designs. These devices are valuable
Ap P lications components for RF and video circuitry requiring up to 20MHz
¢ Data Acquisition Systems gain bandwidth and 2MHz power bandwidth. For accurate signal
- conditioning designs the HA-2520/2522/2525's superior dynamic
* RF Amplifiers . specifications are complemented by 10nA offset current, 100MQ
« Video Amplifiers ) input impedance and offset trim capability. MIL-STD-883 product
and data sheets are available upon request.
 Signal Generators . .
Ordering Information
¢ Pulse Amplification
PART NUMBER | - TEMP. PKG.
(BRAND) RANGE (°C)| PACKAGE NO.
HA2-2520-2 -55t0 125 |8 Pin MetalCan |T8.C
HA2-2522-2 -55t0 125 |8 Pin MetalCan |T8.C
HA2-2525-5 0to 75 8 Pin Metal Can | T8.C
HA3-2525-5 0to75 |8LdPDIP E8.3
HA4P2525-5 0to 75 20 Ld PLCC N20.35
HA7-2520-2 -55t0 125 {8 Ld CERDIP F8.3A
HA7-2522-2 -55t0 125 |8 Ld CERDIP F8.3A
HA7-2625-5 0to 75 8 Ld CERDIP F8.3A
HA9P2525-5 Oto75 |8LdSOIC M8.15
(H25255)
Pinouts
HA-2520/22 (CERDIP) HA-2520/22/25 HA-2525
HA-2525 (PDIP, CERDIP, SOIC