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The Linear Integrated Circuits Data Catalog

Since its founding in 1957, Fairchild has grown
from the original group of eight scientist/engineers to a world-
wide industry leader. Large modern plants in Mountain View
and San Rafael, California; Shiprock, New Mexico; and South
Portland, Maine are complemented by off-shore facilities in
Australia, Germany, Hong Kong, Korea, Mexico and Singapore.

Total Linear Capability is a reality at Fairchild
Analog Products. Fairchild is the largest and most experienced
manufacturer of linear devices in the world and takes pride in
its ability to design and mass produce linear products which
meet the needs of a large and diverse industry. Over the years,
Fairchild’s unique combination of design talent and production
expertise has resulted in the most comprehensive line of linear
microcircuits ever assembled.

This advanced line of products is backed by years
of production experience — experience which enables Fairchild
to maintain the position of leadership it has enjoyed since the
delivery of the first order for pyA709 operational amplifiers in
the early 1960s.

The tremendous possibilities inherent in silicon
Planar* technology are still not exhausted and forward-thinking
research continues at Fairchild. This type of research made
possible the industry’s first linear integrated circuit, the first
consumer-oriented linear device, the first ““universal’’ opera-
tional amplifier, and the first monolithic voltage regulator.

Fairchild’s advanced technological capability and
vast production experience combined make possible the most
advanced, most reliable, and lowest cost line of linear inte-
grated circuits in the industry today. The fact that the name
“Fairchild” has always been synonymous with quality, relia-
bility, and leadership is no mere coincidence, and the fact that
Fairchild will remain in this posi:cion is not just a promise, but
a pledge to Total Linear Capability.

Fairchild Semiconductor
464 Ellis Street
Mountain View, California 94040

e —
FAIRCHILD

e ]
SEMICONDUCTOR *Planar is a patented Fairchild process.

Made: https://chipdatas.com
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DEVICES DESCRIPTION PAGE
HAT702 Wideband DC Amplifier 39
MA703 RF-IF Amplifier 7-9
MAT704 Television Sound System .. . 7-96
UuA705 Dual Channel Power Audio Amplifier . . 7-96
MAT06 5 Watt Audio Amplifier . 7-11
MAT09 High Performance Operational Ampllfler . 3-16
uA710 High Speed Differential Comparator 4-5
MAT711 Dual Comparator . 49
MAT15 High Speed Operational Ampllfter . 3-23
MAT720 AM Radio System . 7-16
MAT722 10-Bit Current Source 6-9
MAT723 Precision Voltage Regulator . . 57
UuAT25 Instrumentation Operational Amplifier . 3-30
MAT26 Temperature-Controlled Differential Pair . 83
MAT27 Temperature-Controlled Differential Preamplifier . 3-39
UAT728 Precision Voltage Reference . b-44
MAT730 Differential Amplifier . 343
MAT32 FM Stereo Multiplex Decoder . 7-21
HA733 Differential Video Amplifier . 6-12
HAT734 Precision Voltage Comparator . 4-13
UHAT39 Dual Low Noise Audio Preamplifier . 7-24
UHAT740 FET Input Operational Amplifier .o . 349
MAT41 Freguency Compensated Operational Amplifier . 3-63
MAT41A Frequency Compensated Operational Amplifier . 3-60
UAT41E Frequency Compensated Operational Amplifier . 3-60
HAT42 Zero Crossing AC Trigger-Trigac . 7-28
UAT746 Chroma Demodulator . . 7-32
UHAT47 Dual Frequency Compensated Operatlonal Ampllfner . 3-65
HAT4TA Dual Frequency Compensated Operational Amplifier . 372
UAT4TE Dual Frequency Compensated Operational Amplifier . 372
MA748 High Performance Operational Amplifier . 377
LAT749 Dual Audio Preamplifier . 7-36
MAT750 Dual Comparator Subsystem . 4-20
MAT753 FM Gain Block . . . 744
HAT757 Gain Controlled IF Amphfler . : . 7-47
MAT758 Phase Locked Loop FM Stereo Multiplex Decoder . 7-63
MAT60 High Speed Differential Comparator . 4-24
MAT67 FM Stereo Multiplex Decoder . 7-57
UHAT68 FM Stereo Multiplex Decoder . 7-21
LAT69 FM Stereo Multiplex Decoder . 7-57
MAT771 Instrumentation Amplifier .. 3-138
UATT72 High Slew Rate Operational Amplifier 3-138
MAT776 Multi-Purpose Programmable Operational Ampllfler . 3-84
MAT777 Precision Operational Amplifier . 3-93
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DEVICE DESCRIPTION PAGE
UA780 Chroma Subcarrier Regenerator (Phase Locked Loop) . 7-60
uA781 Gain Controlled IF Amplifier . 7-66
uA786 PAL TV Chroma Demodulator . 7-71
MHAT91 Power Operational Amplifier . 3-100
MAT796 Double-Balanced Modulator/Demodulator . 7-74
uA7350 Tachometer Subsystem . 797
uA7351 Triple Operational Amplifier . 797
UAT7805 Three Terminal Positive Voltage Regulator . b-14
uA7806 Three Terminal Positive Voltage Regulator . 5-14
MA7808 Three Terminal Positive Voltage Regulator . b-14
uA7812 Three Terminal Positive Voltage Regulator . 5-14
HA7815 Three Terminal Positive Voltage Regulator . b-14
uA7818 Three Terminal Positive Voltage Regulator . 514
MAT824 Three Terminal Positive Voltage Regulator . 5-14
MAT78MO5 Three Terminal Positive Voltage Regulator . b-45
uAT78MO6 Three Terminal Positive Voltage Regulator . 545
‘MAT78M08 Three Terminal Positive Voltage Regulator . 545
HA78M12 Three Terminal Positive Voltage Regulator . b-45
MA78M15 Three Terminal Positive Voltage Regulator . b-45
uA78M20 Three Terminal Positive Voltage Regulator . b-45
MAT78M24 Three Terminal Positive Voltage Regulator . . b-45
MA78NOO Three Terminal Negative Voltage Regulators . b-b1
MAT78T00 Tracking Voltage Regulators . 544
SH0013 Two-Phase MOS Clock Driver 6-126
SH2001 High Voltage, High Current Driver 6-131
SH2002 DTL High Power Driver 6-135
SH2200 High Voltage, High Current Drlver 6-139
SH3002 SPDT Analog Switch . 8-22
SH8090 10-Bit D/A Converter 6-143
TBA510 Chroma Processing Circuit e e e e e . 7-98
TBA920 Horizontal Oscillator, Phase Comparator and Sync Separator’ . 799
TBA970 Television Video Amplifier . 799
8T13 Dual Single-Ended Line Driver 6-114
8T14 Triple Line Receiver 6-117
8T23 Dual Single-Ended Line Drlver 6-120
8724 Triple Line Receiver .o . 6-123
101 General Purpose Operational Ampllfler 3-106
101A General Purpose Operational Amplifier 3-109
102 Voltage Follwer L. 3127
104 Negative Voltage Regulator . b-25
105 Voltage Regulator . . 5-:30
107 General Purpose Operatlonal Ampllfler 3-116
108 Super Beta Operational Amplifier 3-121
108A Super Beta Operational Amplifier 3-121
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DEVICE DESCRIPTION PAGE
109 Five Volt Regulator . 5-36
110 Voltage Follower 3-127
111 Voltage Comparator . . 4-29
201 General Purpose Operational Ampllfler 3-106
201A General Purpose Operational Amplifier 3-109
207 General Purpose Operational Amplifier 3-116
208 Super Beta Operational Amplifier 3-121
208A Super Beta Operational Amplifier 3-121
209 Five Volt Regulator e . 5-36
301A General Purpose Operational Amplifier 3-109
302 Voltage Follower . 3-127 -
304 Negative Voltage Regulator . 5-25
305 Voltage Regulator . b-30
305A Voltage Regulator e e . 5-30
307 General Purpose Operational Amplifier 3-116
308 Super Beta Operational Amplifier 3-121
308A Super Beta Operational Amplifier 3-121
309 Five Volt Regulator . 3-36
310 Voltage Follower 3-127
311 Voltage Comparator . 4-29
376 Voltage Regulator . b-30
1326 Chroma Demodulator 7-100
1458 Internally Compensated, High Performance Dual Monol|th|c 3-132
Operational Amplifier
1458C Internally Compensated, High Performance Dual Monolithic 3-132
Operational Amplifier
1558 Internally Compensated, High Performance Dual Monolithic 3-132
Operational Amplifier
2136 FM IF Amplifier & Detector 7-101
3018 Transistor Array 8-6
3018A Transistor Array 8-6
3019 Diode Array 8-6
3026 Transistor Array 8-6
3036 Transistor Array 8-6
3039 Diode Array 8-6
3045 Transistor Array 8-6
3046 Transistor Array 8-6
3054 Transistor Array . 86
3064 TV Automatic Fine Tunmg Curcwt . 7-78
3065 TV Sound System . 7-82
3066 TV Chroma Processor . 7-85
3067 Chroma Demodulator . 7-89
3075 FM IF Amplifier-Limiter, Detector Audlo Preampllfler . 7-92
3076 FM Gain Block 7-101
3086 Transistor Array 8-6
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DEVICE DESCRIPTION PAGE
7524 Two Channel Core Memory Sense Amplifier . 6-87
7525 Two Channel Core Memory Sense Amplifier . 6-87
9307 Seven Segment Decoder . 6-18
9317B Seven Segment Decoder/Driver . 6-19
9317C Seven Segment Decoder/Driver . 6-19
9368 Seven Segment Decoder/Driver/Latch . 6-20
9369 Seven Segment Decoder/Driver/Latch . 6-21
9370 Seven Segment Decoder/Driver/Latch . 6-22
9614 Dual Differential Line Driver . 6-23
9615 Dual Differential Line Receiver . . 6-27
9616 Triple EIA RS-232-C/MIL-STD-188C Llne Drlver . 6-31
9617 Triple EIA RS-232-C Line Receiver . 6-34
9620 Dual Differential Line Receiver . 6-36
9621 Dual Line Driver . 642
9622 Dual Line Receiver . . 648
9624 Dual TTL, MOS Interface Element . 6-62
9625 Dual TTL, MOS Interface Element . . 6-62
9627 Dual EIA RS-232-C/MIL-STD-188C Line Recelver . 6-57
9650 4-Bit Current Source . . 6-60
9660 Seven Segment Decoder/ProgrammabIe Current Drlver 6-146
9661 Quad Programmable Current Segment Driver 6-146
9662 LED/Lamp Digit Driver 6-147
9663 LED/Lamp Digit Driver 6-147
55107A Dual Line Receiver . 6-69
55108A Dual Line Receiver . 6-69
55109 Dual Line Driver . 675
55110 Dual Line Driver . 6-75
55325 Memory Driver . 6-79
75107A Dual Line Receiver . 6-69
75108A Dual Line Receiver . 6-69
75109 Dual Line Driver . 6-75
75110 Dual Line Driver . 6-75
75325 Memory Driver . 6-79
75450A 5 V Dual Peripheral Drlver . 6-91
75451A 5 V Dual Peripheral Driver . 691
75452 5 V Dual Peripheral Driver . 6-91
75453 5 V Dual Peripheral Driver . 6-91
75454 5 V Dual Peripheral Driver . 6-91
75460A 5 V Dual Peripheral Driver . 6-91
75461A 5V Dual Peripheral Driver . 6-91
75462A 5 V Dual Peripheral Driver . 6-91
75463A 5 V Dual Peripheral Driver . 6-91
75464A 5 V Dual Peripheral Driver . 6-91
75491 MOS to LED Segment and D|g|t Driver 6-110
75492 MOS to LED Segment and Digit Driver 6-110

Fairchild cannot assume responsibility for use of any circuitry described other than circuitry entirely embodied in a Fairchild product.

No other circuit patent licenses are implied.
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pHA776

uA777
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201
201A
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301A
302
307
310
1458

1458C
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pA725
HAT727
HA740

Wideband DC Amplifier.............ccoviiiiee... 3-9
High Performance Operational Amplifier ........... 3-16
Differential Amplifier .............coiiiiiiiia., 3-43
Dual Low Noise Audio Preamplifier ................ 7-24
Frequency Compensated Operational Amplifier ... .. 3-53
Frequency Compensated Operational Amplifier..... 3-60
Frequency Compensated Operational Amplifier ... .. 3-60
Dual Frequency Compensated Operational

Amplifier ... e e 3-65
Dual Frequency Compensated Operational

Amplifier ... e 3-72
Dual Frequency Compensated Operational

Amplifier .. ... .. e 3-72
High Performance Operational Amplifier ........... 3-77
Dual Audio Preamplifier .................civveun.. 7-36
Multi-Purpose Programmable Operational

AMpPlfier ..o e 3-84
Precision Operational Amplifier ................... 3-93
General Purpose Operational Amplifier ........... 3-106
General Purpose Operational Amplifier ........... 3-109
Voltage Follower ..., 3-127
General Purpose Operational Amplifier ........... 3-116
Voltage Follower ...........ccovviiiiinnenennnn. 3-127
General Purpose Operational Amplifier ........... 3-106
General Purpose Operational Amplifier ........... 3-109
General Purpose Operational Amplifier ........... 3-116
General Purpose Operational Amplifier ........... 3-109
Voltage Follower . ..........cciiiiiiiiiin i 3-127
General Purpose Operational Amplifier ........... 3-116
Voltage Follower . .............coiiiiiiiiinnnnn. 3-127
Internally Compensated, High Performance Dual
Monolithic Operational Amplifier ................. 3-132
Internally Compensated, High Performance Dual
Monolithic Operational Amplifier ................. 3-132
Internally Compensated, High Performance Dual
Monolithic Operational Amplifier................. 3-132

Low Input Current/Low Drift

Instrumentation Operational Amplifier ............. 3-30
Temperature-Controlled Differential Preamplifier ... 3-39
FET Input Operational Amplifier ................... 3-49
Instrumentation Amplifier........................ 3-138

pA771
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GENERAL PURPOSE HIGH LOW
POWER POWER
COMPENSATED
307 310 uA741 MAT741E uA776 uA747 1458 uA791 uA776
Voltage Industry High Programable Dual 150 pW
Follower Standard Performance ISET = 15 KA Industry Dual 1 Amp Programable
Standard ISET = 1.5 A
7.5 7.5 6.0 3.0 6.0 6.0 6.0 6.0 6.0
50 — 200 30 25 200 200 200 6.0
250 7.0 500 80 50 500 500 500 10
25 .999x10—3 20 50 50 20 20 20 50
5.0 5.0 5.0 5.0 £1.2 +5.0 +5.0 +5.0 +1.2
18 +18 18 +22 +18 18 +18 +18 18
1.0 20 1.0 1.0 1.0 1.0 1.0 0.2 0.2
0.5 30 0.5 0.7 0.7 0.5 0.5 0.5 0.1
0.5 — 0.5 0.7 0.7 0.5 0.5 1.0 0.1
0.5 - 0.5 0.7 0.7 0.5 0.5 6.0 0.1
15 +10 +15 15 +15 +15 +15 £15 15
+30 — +30 +30 +30 +30 +30 +30 +30
6.0 10 7.0 3.0 3.0 7.0 7.0 15 3.0
X X X X X X X X
X X X X X X X X X
X X X X X X X X
X X
HIGH LOw
GENERAL PURPOSE POWER POWER
COMPENSATED
107 110 wA741 HA741A uA776 uA747 1558 rA791 uA776
Voltage Industry High Programable Dual 150 uW
Follower Standard Performance ISET = 15 KA Industry Dual 1 Amp Progrgmable
Standard IseT = 1.5 LA
2.0 4.0 5.0 3.0 5.0 5.0 5.0 5.0 5.0
10 — 200 30 15 200 200 200 3.0
75 3.0 500 80 50 500 500 500 7.5
50 .999x10—3 50 50 50 50 50 50 50
+5.0 +5.0 5.0 +5.0 £1.2 +5.0 5.0 +5.0 +1.2
+20 +18 +22 £22 18 +22 +22 22 £18
1.0 20 1.0 1.0 1.0 1.0 1.0 0.2 0.2
0.5 30 0.5 0.6 0.7 0.5 0.5 0.5 0.1
0.5 — 0.5 0.6 0.7 0.5 0.5 1.0 0.1
0.5 - 0.5 0.6 0.7 0.5 0.5 6.0 0.1
£15 £10 15 15 +15 +15 +15 +15 15
+30 — +30 +30 +30 +30 +30 +30 +30
3.0 6.0 7.0 5.0 3.0 7.0 7.0 10 3.0
15 15
X X X X X X X
X X X X X X X X X
X X X X X X X X X
X X
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SELECTION GUIDE FOR COMMERCIAL OPERATIONAL AMPLIFIERS

HIGH ACCURACY INSTRUMENTATION

LOW BIAS CURRENT

FET BIPOLAR SUPER BETA
uA740 uA776 uA777 208 308 208A 308A
High ZN
10120 Low Power
High Slew ISET = 1.5 KA
Rate
Input Offset Voltage Max (mV) 100 6.0 7.5 2.0 7.5 0.5 0.5
Input Offset Current Max (nA) 0.3 6.0 50 0.2 1.0 0.2 1.0
Input Bias Current Max (nA) 2.0 10 250 2.0 7.0 2.0 7.0
Voltage Gain Min {(V/mV) 25 50 25 50 15 80 80
Operating Supply Voltage Range Min (V) +5.0 +1.2 +5.0 +5.0 +5.0 +5.0 +5.0
Max (V) +22 +18 +20 +20 +18 +20 +20
Unity Gain Bandwidth Typ (MHz) 3.0 0.2 1.0 1.0 1.0 1.0 1.0
Slew Rate AgL =1 Typ (V/us) 6.0 0.1 0.5 0.3 0.3 0.3 0.3
AcL =-1 6.0 0.1 6.0 0.6 0.6 0.6 0.6
AcpL =10 6.0 0.1 2.0 - - - —
Input Voltage Range Max (V) +15 +15 +15 15 +15 £15 156
Differential Input Voltage Max (V) +30 +30 +30 £0.5 +0.5 0.5 +0.5
Input Offset Voltage Drift Typ (uV/°C) 20 3.0 3.0 3.0 6.0 1.0 1.0
Max {uV/°C) - — — 15 30 5.0 5.0
Offset Adjust X X X
Qutput Short Circuit Protection X X X X X X X
Compensated X X

SELECTION GUIDE FOR MILITARY OPERATIONAL AMPLIFIERS

HIGH ACCURACY INSTRUMENTATION

LOW BIAS CURRENT

FET BIPOLAR SUPER BETA
uA740 uA776 rA777 108 108A
High Z)N
10120 Low Power
High Slew | IggT = 1.5 uA
Rate
Input Offset Voltage Max (mV) 20 5.0 2.0 20 0.5
Input Offset Current Max (nA) 0.15 3.0 10 0.2 0.2
Input Bias Current Max (nA) 0.2 7.5 75 2.0 2.0
Voltage Gain Min (V/mV) 50 50 50 50 80
Operating Supply Voltage Range Min (V) +5.0 1.2 +5.0 +5.0 +5.0
Max (V) +22 £18 +20 +20 +20
Unity Gain Bandwidth Typ (MHz) 3.0 0.2 1.0 1.0 1.0
Slew Rate A =1 Typ (V/us) 6.0 0.1 0.5 0.3 0.3
AcL =—1 6.0 0.1 6.0 0.6 0.6
AcL =10 6.0 0.1 20 - -
Input Voltage Range Max (V) 15 £15 156 +15 £15
Differential Input Voltage Max (V) +30 +30 +30 +0.5 +0.5
Input Offset Voltage Drift Typ (uV/°C) 20 3.0 3.0 3.0 1.0
Max (uV/°C) - — 15 15 5.0
Offset Adjust X X X
Output Short Circuit Protection X X X X X
Compensated X X
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HIGH ACCURACY INSTRUMENTATION HIGH SPEED
LOW DRIFT
OP AMPS PREAMPS
uA725C uA725E uA741E 208A 308A uA726 uA727 rA715 unA748 uA776 uA777  301A 310
'C:e:nop#A Temp. Feed- Programable Feed- Feed- Voltage
0to +85.°C —20 to +85°C Forward| IggT = 500 uA |Forward | Forward Follower
2.5 0.5 3.0 05| 05 3.0 10 7.5 6.0 6.0 7.5 7.5 7.5
35 5.0 30 100 1.0 100 25 250 200 6.0 50 50 —
125 75 80 300 | 7.0 300 75 1500 500 10 250 250 7.0
250 1000 50 - 80 0.06 10 20 50 25 25 .999x10—3
3.0 +3.0 +5.0 |+5.0 | 5.0 5.0 +9.0 +6.0 +5.0 1.2 +5.0 5.0 +5.0
+22 +22 +22 +18 | 20 +18 +18 +18 +18 +18 +20 +20 +18
1.0 1.0 1.0 10 1.0 20 1.0 65 1.0 1.2 1.0 1.0 20
— — 0.6 03] 03 - - 18 0.5 15 0.5 0.5 30
— - 0.6 06| 0.6 - - 100 6.0 15 6.0 15 -
- - 0.6 - - - - 38 2.0 15 2.0 5.0 -
122 +22 +15 +156 | 15 +30 10 +15 15 +156 +156 +15 +15
+22 +22 +30 +0.5 | +t0.5 +5.0. 16 +15 +30 +30 +30 +30 -
0.5 0.5 4.0 1.0| 1.0 0.2 0.6 6.0 7.0 3.0 3.0 6.0 10
5.0 20 15 50| 5.0 1.0 1.5
X X X X X X X X X X X
X X X X X X X X X X X
X X
HIGH ACCURACY INSTRUMENTATION HIGH SPEED
LOW DRIFT
OP AMPS PREAMPS
uA725 uA725A uA741A 108A uA726 MA727 | uA715  uA748 uA776 uA777 101A 110
Ic=10uA Feed- Programable Feed- Feed- Voitage
Forward | IggT =500 uA | Forward | Forward Follower
1.0 05 3.0 05 25 10 5.0 5.0 5.0 2.0 2.0 4.0
20 5.0 30 0.2 50 15 250 200 3.0 10 10 —

100 75 80 2.0 150 40 750 500 75 75 75 3.0
1000 1000 50 80 0.06 15 50 50 50 50 .999x10—3
+3.0 +3.0 +5.0 - +5.0 +9.0 6.0 +5.0 1.2 +5.0 +5.0 5.0

22 +22 +22 +20 18 +18 18 22 +18 +20 +20 +18

1.0 1.0 1.0 1.0 20 1.0 65 1.0 1.2 1.0 1.0 20

- - 0.6 0.3 - - 18 0.5 15 0.5 0.5 30

- - 0.6 0.6 - - 100 6.0 15 6.0 6.0 -

- - 0.6 - — - 38 20 15 20 2.0 -

+22 +22 +15 15 +30 +10 +15 +15 15 +15 +15 +15

+22 +22 +30 +0.5 +5.0 15 15 +30 +30 +30 +30 -

0.5 05 3.0 1.0 0.2 0.6 6.0 7.0 3.0 3.0 3.0 6.0

5.0 20 15 5.0 1.0 15 15

X X X X X X X X X X

X X X X X X X X X X X

X X

3-7






uA702
WIDEBAND DC AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The pA702 is a monolithic DC Amplifier constructed using the Fairchild
Planar* epitaxial process. It is intended for use as an operational amplifier in analog computers, as a
prevision instrumentation amplifier, or in other applications requiring a feedback amplifier useful from

CONNECTION DIAGRAMS

8-LEAD METAL CAN
(TOP VIEW)

dc to 30 MHz.
PACKAGE OUTLINE 58
"
e LOW OFFSET VOLTAGE -
e LOW OFFSET VOLTAGE DRIFT “
e WIDE BANDWIDTH — 20 MHz TYP. e TS b e
e HIGH SLEW RATE — 5 V/us TYP. Nou-mvemr’r;ﬁ o\ a0 /ngﬁ?ﬁ?ﬂ.ou

ABSOLUTE MAXIMUM RATINGS NOTE: Pin 4 connected to case.

Voltage Between V* and V— Terminals 21V ORDER INFORMATION
Pt?ak Out?ut Current 50 mA TYPE PART NO.
Differential Input Voltage 50V 702 702HM
Input Voltage +1.5Vto—-60V 702C 702HC
internal Power Dissipation (Note)
oo
DIP 670 mW
Flatpak 570 mW PACKAGE OUTLINE 6A
Operating Temperature Range vt e
Military (702) —55°C to +125°C e 02 wfq v
Commercial (702C) 0°Cto +70°C
Storage Temperature Range —65°C to +150°C ano []3 12 ] outeut
Lead Temperature (Soldering, 60 seconds) 300°C INVERTINS [+ 1 ne
NOTE NON-lNVEl'i‘IlI’I:JJ?_ E 5 10 :I LAG
Rating applies to ambieont temperature up to 70°C. Above 70°C ambient derate linearly at 6.3mW/°C v-Oe o[ reap
for Metal Can, 8.3mW/ C for DIP and 7.1 mW/°C for the Flatpak. ne 7 8[] ne
EQUIVALENT CIRCUIT ORDER INFORMATION
8 o ve TYPE PART NO.
} } 702 702DM
3 o 2 oy 702C 702DC
'—K"G 10-LEAD FLATPAK
R1 SR o Leap (TOP VIEW)
S 2ka S 2ke
o . as S FREGUENGY PACKAGE OUTLINE 3F
1 2 34kQ COMPENSATION
GROUND O—— L 0 LG
2 ! +
INVERTING o K02 md b3 ) KQ7 (Ul r— N ] v
INPUT ? 24kQ GND : 2 o Ne
7 0 :
NON-INVERTING é ] ouTPuT IWEmLﬁ? 2 g [ Joutpur
INPUT k‘ P iverTne 1 — N
o Qs INPUT LEAD
v- s ] — sed
Qg <£ R0 SRi2
S200 $26k
ORDER INFORMATION
Pha S 3 TYPE PART NO.
2ov- 702 702FM

Pin numbers are shown for Metal Can only.

*Planar is a patented Fairchild process.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA702

702

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise specified)

V4=120V,V_=-60V Vy=6.0V,V_=-30V
PARAMETER CONDITIONS MTN. TYP. MAX. MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 2k&2 0.5 2.0 0.7 3.0 mV
Input Offset Current 180 500 120 500 nA
Input Bias Current 2.0 5.0 1.2 3.5 MA
Input Resistance 16 40 22 67 kQ
Input Voltage Range —4.0 +0.5 —1.5 +0.5 \2
Common Mode Rejection Ratio Rg <2k, f<1kHz 80 100 80 100 dB
. . RL = 100kQ, VoyT =t5.0V 2500 3600 6000
Large Signal Voltage Gain Rll: >T00k, VouT =25V 600 300 1500
Output Resistance 200 500 300 700 Q
Supply Current Vout =0 5.0 6.7 2.1 3.3 mA
Power Consumption Vout =0 90 120 19 30 mW
Transient Respon;r L € =0.01 uF, R) =202,
(unity-gain) Risetime RL =100k, VN =10mV 25 120 ns
Overshoot Cp < 100 pF 10 50 %
Transient Response L .
{x100 gain) Risetime C3=50pF, R_ > 100 ke, 10 30 ns
Overshoot ViN =1mV 20 40 %
The following specifications apply for —565°C < Ta < +125°C:
Input Offset Voltage Rg <2k 3.0 4.0 mV
Rg =50 Q, ]
Average Temperature Coefficient Ta =25°Cto|+125°C 25 10 35 15 uv/°C
of Input Offset Voltage Rg =50 Q,
TA.=25°Cto —55°C 2.0 10 30 15 | uv/°C
Tao=+125C 80 500 50 500 nA
Input Offset Current Tf{ =_55°C 400 1500 280 1500 nA
Average Temperature Coefficient Ta=25"Cto+125°C 1.0 5.0 0.7 4.0 nA/°C
of Input Offset Current Tp=25Cto —556°C 3.0 ‘16 2.0 13 nA/°C
input Bias Current Tp=-55"C 4.3 10 2.6 7.5 LA
Input Resistance 6.0 8.0 k2
Common Mode Rejection Ratio Rg <2k, f<1kHz 70 95 70 95 dB
Vy=12V,V_=—-6Vto
Supply Vol'tage Rejection Ratio Vy= 6V, V_=-3V 75 200 75 200 uVv/v
Rg < 2kQ
" . Ry > 100k, V =+50V 2000 7000
Large Signal Voltage Gain R:: > 100 k&2, VSBI =325V 500 1750
. RL > 100 kQ 50 5.3 +25 +2.7 \
Output Voltage Swing RS 10kQ i35 %40 16 120 v
Ta =+125°C, V =0 4.4 6.7 1.7 3.3 mA
Supply Current Tﬁ =—55°C, VOOUL;-T= 0 50 75 2.1 39 mA
. Ta=+125°C, VouT =0 80 120 15 30 mW
Power Consumption Ta=-55°C, VouT =0 90 135 19 35 mW

VOLTAGE TRANSFER
CHARACTERISTIC

TYPICAL PERFORMANCE CURVES FOR 702

VOLTAGE TRANSFER

CHARACTERISTIC
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA702

702C

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise specified)

Ve=120V,V_=-6.0V

L Vy=6.0V,V_=-30V

PARAMETER CONDITIONS MIN:  TYP. MAX. | MIN. TYP. max. | YUNITS
Input Offset Voltage Rg < 2kQ 1.5 5.0 1.7 6.0 mV
Input Offset Current 0.5 20 0.3 2.0 uA
Input Bias Current 2.5 7.5 15 5.0 A
Input Resistance 10 32 16 55 k&2
Input Voltage Range —4.0 +0.5 -1.5 +0.5 \Y
Common Mode Rejection Ratio Rg <2k, f<1kHz 70 92 70 92 dB
. . R = 100k, V, =+5.0V 2000 3400 6000
Large Signal Voltage Gain R:: > 100k, vgﬂi =326V 500 800 1500
Output Resistance 200 600 300 800 Q
Supply Current Vout =0 5.0 6.7 2.1 33 mA
Power Consumption Vout =0 . 90 120 19 30 mW
. C|=001uF, R =200
Tra?::':; :;s:;mse Risetime | R <100k, Vjy = 10mV 25 120 ns
Overshoot Cp < 100pF 10 50 %
Transient Response| g0 time C3 =50pF,R > 100k, 10 30 ns
(100 gain) Overshoot VIN=1mV 20 40 %
The following specifications apply for 0°C < Ta < +70°C:
Input Offset Voltage Rg <2kQ 6.5 7.5 mV
Average Temperature Coefficient Rg =50 Q, 5.0 20 75 25 BV/°C
of Input Offset Voltage Ta=+70°Cto 0°C
Input Offset Current 25 25 uA
Average Temperature Coefficient | Tp =25°Cto +70°C 4.0 10 3.0 8.0 | nA/°C
of Input Offset Current Ta=25°Ct0l0°C 6.0 20 55 18 nA/°C
Input Bias Current Ta=0°C 4.0 12 2.7 8 pA
Input Resistance 6.0 18 9.0 27 kQ
Common Mode Rejection Ratio Rg<2kQ,f<1kHz 65 86 65 - 86 dB
_ Vi=12V,V_=6Vto
Supply Voltage Rejection Ratio Vi= 6V,V_=3V 920 300 90 300 »V/IV
Rg < 2kQ
. i RL > 100 kQ, VQUT =60V | 1500 7000
Large Signal Voltage Gain RL > 100 k&2, VouT =225 V 400 1750
. Ry > 100 kQ +5.0 +5.3 +25 +2.7 \
Output Voitage Swing RL> 10kQ i35 4.0 15 120 v
Supply Current VouTt =0 5.0 7.0 2.1 3.9 mA
Power Consumption Vout =0 90 125 19 35 mW

VOLTAGE TRANSFER
CHARACTERISTIC

TYPICAL PERFORMANCE CURVES FOR 702C
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VOLTAGE TRANSFER
CHARACTERISTIC

vty | 4" 0%

]

VT = 6.0V

Vi

4.0

T - 0°C

Tp = 5°C

OUTPUT VOLTAGE -V
o

R, = 10k2

£ 2
o

—t
| R - 100k
i

3.0 . r
v =60v | Ta=0%C_| £
V=30V |/
2.0 /4
Tp = 10°C
F I
© g0
> 0 # oty el |
o
2
2 0
>
5
H
E. Fi
310 /i
RL-1062 | /)
-2, ——1
| R, - 100c2_| 2/
4
P i s

B

sol 1 T l

-10 -6.0 2.0 2.0
INPUT VOLTAGE - mV

6.0 10 5.0 -3.0 -1.0 L0 3.0

INPUT VOLTAGE - mV/

5.0

3800

VOLTAGE GAIN

g

g

VOLTAGE GAIN
AS A FUNCTION OF
AMBIENT TEMPERATURE

T T
vty |
V= -6.0V
P
\
<
Y
~
0 10 2 30 & 50 6 10

TEMPERATURE - °C

3-11



FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA702

TYPICAL PERFORMANCE CURVES FOR 702

VOLTAGE GAIN
AS A FUNCTION OF

INPUT BIAS CURRENT
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INPUT OFFSET CURRENT
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA702

VOLTAGE GAIN

INPUT BIAS CURRENT - pA

TYPICAL PERFORMANCE CURVES FOR 702C

VOLTAGE GAIN
AS A FUNCTION OF

INPUT BIAS CURRENT
AS A FUNCTION OF
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA702

PEAK-TO-PEAK OUTPUT SWING —V

SLEW RATE - Vips

TYPICAL PERFORMANCE CURVES FOR 702 AND 702C

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE

SUPPLY CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGES

14 ,
[ 1] [ ] T, 5°C
LU T LI

2 R

L — 5.0
R =
10 ¥ =
R s A/ £ 40
| / g L
N El e
6 % o L1
&/ 1. > 3.0 v
a.
4 3/ 2 =
va VFeer2v — 2w
2 —r : VTz-6V —
1 Tp = +25°C _|
0 LIl 1.0
100 I 10K 100k * ] A9 2
LOAD RESISTANCE — o SUPPLY VOLTAGES - V
SLEW RATE SLEW RATE

AS A FUNCTION OF
CLOSED-LOOP VOLTAGE GAIN
(LAG COMPENSATION)

AS A FUNCTION OF
CLOSED-LOOP VOLTAGE GAIN
(LEAD-LAG COMPENSATION)

100

10 T
Vi /
5.0b— V=60V 5
tu-zs"c
// .
2.0 g 2
s
10 B oy
2
0.5 ? 5.0
vieny
0.2 2.0 Ve -6.0V T |
o
Ty- %
0.1 1.0 L1l
1 2 5 0 2 50 100 1 2 5 0 2 50 100

CLOSED- LOOP VOLTAGE GAIN

UNITY-GAIN AMPLIFIER
(LAG COMPENSATION)

CLOSED-LOOP VOLTAGE GAIN

TRANSIENT RESPONSE TEST CIRCUITS

X100 AMPLIFIER
(LEAD COMPENSATION)

5k

OUTPUT RISE-TIME LIMITING*

COMMON MODE REJECTION RATIO
AS A FUNCTION OF

FREQUENCY
100 T
T " 5°C
3
)
o 2
2 NN NG
= N N » \\o
=z o
S ® .
g K3 \\ia
o . D
3 ©
w T,
§ 70 fO
=z
g \\
§ 60
50
1.0k 10k 100 k 1L.0M 10M
FREQUENCY - H,
TRANSIENT RESPONSE
1.4
1.2 i
1.0 [OVERSHOOT 7/,
5 90%
Eos
5
(=3
w 06
£
S 04
3
0.2
10% /1 RISETIME
T

TIME

SERIES RESISTANCE LIMITING*

R2

RL

LOGIC COMPATIBILITY

LOGIC
INPUT

TO LOGIC + SUPPLY

Pin numbers are shown for Metal Can only,




FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA702

INPUT VOLTAGE RANGE —V

VOLTAGE GAIN —dB

TYPICAL PERFROMANCE CURVES FOR 702 AND 702C
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uA709

HIGH PERFORMANCE OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The pA709 is a monolithic High Gain Operational Amplifier con-
structed using the Fairchild Planar* epitaxial process. It features low offset, high input impedance,
large input common mode range, high output swing under load and low power consumption. The
device displays exceptional temperature stability and will operate over a wide range of supply voltages
with little degradation of performance. The amplifier is intended for use in dc servo systems, high
impedance analog computers, low level instrumentation applications and for the generation of special
linear and nonlinear transfer functions.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +18 V
Internal Power Dissipation (Note)

Metal Can 500 mW

DIP 670 mW

Flatpak 570 mW
Differential Input Voltage b0V
Input Voltage +10V
Storage Temperature Range

Metal Can, DIP, and Flatpak -65°C to +150°C
Operating Temperature Range

Military (709A and 709) -55°C to +125°C

Commercial (709C) 0°C to +70°C
Lead Temperature

Metal Can, DIP and Flatpak (Soldering 60 seconds) 300°C
Output Short Circuit Duration 5 seconds

NOTE '

Rating applies to ambi%nt temperature up to 79)°C. Above 70°C ambient derate linearly at 6.3 mw/°c
for Metal Can, 8.3mW/ C for DIP and 7.1 mW/ C for the Flatpak.

CONNECTION DIAGRAMS

8-LEAD METAL CAN
(TOP VIEW)

PACKAGE OUTLINE 5B

INPUT FREQ, COMP.
ol
INPUT FREQ. COMP. (" Qv

INVERTING INPUT ()

a }. QUTPUT
W OQUTPUT
U O FREQ. COMP
v

NON-INVERTING
INPUT

NOTE: Pin 4 connected to case

ORDER INFORMATION

INPUT FREQUENCY
COMPENSATION

EQUIVALENT CIRCUIT °
1

—O v+
éﬂs Rg %Hm
S 10k 10k 20kQ
[ Q7 Qg —K014
SRy Ry
$ L
$ke 28kQ f
03 04
>R
Qg Q b3
° e
R3 Ry
*a a5
MN—4
[V gt 6
—,\Qg OUTPUT
Rg < 2 Rg
) 36k > % 10kQ2
5 QUTPUT
Lo Q2 O FREQUENCY
INVERTING N { COMPENSATION
INPUT <Rig
$isa
3
Q4 Q13
NON-INVERTING
INPUT | ,_ch
ayq [} SR
10 > 10k
R1y < Rz
2.4kQ S50
4
—Q Vv~

TYPE PART NO.

709A 709AHM

709 709HM

709C 709HC
14-LEAD DIP
(TOP VIEW)

PACKAGE OUTLINE 6A

Ne. L] | Ine.
ne.[] [ Ine

INPUT FREQ. COMP. ] [ ] inpuT FREQ. cOMP.
INVERT InPUT [ v

ORDER INFORMATION

TYPE PART NO.
700A 709ADM
709 709DM
709C 709DC
10-LEAD FLATPAK
(TOP VIEW)

PACKAGE OUTLINE 3F

N.C.
INPUT COMP,
v*

== output
[ outpPuT FREQ.
COMP.

N.C. ]
INPUT COMP. 5]

INVERTING INPUT
NON-INVERTING INPUT

v =

)

sl o =
o |vwo 3

ORDER INFORMATION

TYPE PART NO.
709A 709AFM
709 709FM
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « pA709

709A
ELECTRICAL CHARACTERISTICS (T = +25°C, +9 V < Vg < #15 V unless otherwise specified)

PARAMETER (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 10k&Q 0.6 2.0 mV
Input Offset Current 10 50 nA
Input Bias Current 100 200 nA
Input Resistance 350 700 k&2
Output Resistance 150 Q
Supply Current Vg=x15V 25 3.6 mA
Power Consumptien Vg=zibV 75 108 mwW

Risetime. Vg=%15V,V|y=20mV, R =2k, Cq =5nF, 15 us
Transient Response R1 =15k, Cy =200 pF, Ry =500 -
Overshoot CL<100pF 30 %
The following specifications} apply for -65°C < Ta < +125°C:
Input Offset Volitage Rg <10k 3.0 mV
Rs =508, TA = +25°C to +125°C 1.8 10 uv/°c
Average Temperature Coefficient Rg =500, Tp = +25°C to -56°C 18 10 uVv/°C
of input Offset Voltage Rs =10k, Tp = +25°C to +125°C 2.0 15 uv/°C
Rg=10kQ, Tp =+25°C to -565°C 48 25 uv/°C
Input Offset Current 12 : i;:? ;C 205 gg 0 ::
Average Temperature Coefficient Ta=+25°Cto +125°C 0.08 0.5 nA/°C
of Input Offset Current Ta =+25°Cto -55°C 0.45 2.8 nA/°C
Input Bias Current Ta =-55°C 300 600 nA
Input Resistance Ta=-55°C 85 170 ke
Input Voltage Range Vg=%156V +8.0 \%
Common Mode Rejection Ratio Rg < 10 kQ 80 110 dB
Supply Voltage Rejection Ratio Rg<10kQ 40 100 uV/v
Large Signal Volitage Gain Vg=+15V, R >2kQ, VoyT =10V 25,000 70,000 V/V
Output Voltage Swing x: = i: Z x St ; ;ok;n z:g i:g x
AT ey n 1o | =
Power Consumption Ta-" 2?0(:' Vs=*18V 63 90 mwW
TA=-55"C,Vg=215V 81 135 mwW

OPEN-LOOP VOLTAGE GAIN

VOLTAGE GAIN

PERFORMANCE CURVES FOR 709A

INPUT COMMON MODE

OUTPUT VOLTAGE SWING

VOLTAGE RANGE

POWER CONSUMPTION

POk =TT 30 22— ~ 110
| RL>2kQ -66°C < Ta < +125°C| . Ta=25°C
~55°C <TA < +125°C
>
60k > 25 — K o v
I
© w z /
H 0¥ 2 H
S0k W & o R 2, o ! s
o 5 o A Y i 1 S 5 S
4 L~ £ ] M\“‘M\N// i3 = §
5
0k = 3 15 = § 6.0 — ;
AR H > L—1 H s
PN 3 a 50 “\QP‘
30k T o°-| 10 2 4 § 92
z
1 % 9 g |
20k 1 Y50 z, 30
R : e
-
10k 0 0 10
9 10 1 12 13 14 15 9 10 " 12 13 14 15 s 0 T 1 I 14 % h 0 1 12 ey ) s

SUPPLY VOLTAGE — :V

SUPPLY VOLTAGE — tV

SUPPLY VOLTAGE — vV

SUPPLY VOLTAGE — tV
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « nA709

OPEN-LOOP VOLTAGE GAIN

709
ELECTRICAL CHARACTERISTICS (T =+25°C, 9V < Vg < £15V unless otherwise specified)

PARAMETER (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 10kQ 1.0 5.0 mV
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 150 400 kQ
Output Resistance 150 Q
Power Consumption Vg=215V 80 165 mwW

ViN =20 mV, R =2k,
Transient Response Risetime Cq =6000 pF, R1 =15k, 0.3 1.0 us
pons Cg = 200 pF, Ry = 500
Overshoot CL < 100pF 10 30 %
The following specifications apply for -55°C < Ta < +125°C:
Input Offset Voltage Rg <10 kQ 6.0 mV
Average Temperature Coefficient Rg = 502 3.0 uVv/°C
of Input Offset Voltage Rg < 10 kQ 6.0 wv/ec
_ K Vg=+15V, R > 2k,
Large Signal Voltage Gain, VOUT =£10V 25,000 | 45000 | 70,000 VIV
Swi Vg=+15V, R > 10 k2 +12 +14 ' v
Output Voltage Swing Vs=215V, R, > 2 k& 10 13 v
Input Voltage Range Vg =%15V +8.0 £10 \Y
Common Mode Rejection Ratio Rg<10kQ 70 20 dB
Supply Voltage Rejection Ratio Rg < 10kQ 25 150 uVIV
Ta=+125°C 20 200 nA
input Offset Current Tpo=—55°C 100 500 nA
Input Bias Current Ta =-565°C 05 1.5 HA
Input Resistance 40 100 k&
PERFORMANCE CURVES FOR 709
INPUT COMMON MODE
VOLTAGE GAIN OUTPUT VOLTAGE SWING VOLTAGE RANGE POWER CONSUMPTION
BRSO R ercsTazmzee e <TAZ s 0 ,
-55°C < Ta < +125°C | Ta=25°C
60 k > 25 3 10 250
e :
o \Nd’\j\)“ § * g o N-a\.n‘ll“g' 1] g * M‘“‘M\N i SI o
& 1 M\ﬂ\"“m/\ Z L g
40 k g 15 i g 6.0, —— % 150 /,
30k g 10 § 40 £ 100 ]
% 3 ¢ .
20 k M\N\““N L é 50 g 2 50 — P ia sl BN Ry
10k 1] [ ‘ o 0 [
s 0 1 12 13 14 15 g 0 n 12 1 “os 0 1 12 13 [ 15 9 R 12 3 14 5

SUPPLY VOLTAGE — *V

SUPPLY VOLTAGE — £V

SUPPLY VOLTAGE — £V

SUPPLY VOLTAGE - :V
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA709

709C
ELECTRICAL CHARACTERISTICS (Vg = £15 V, T 5 = 25°C unless otherwise specified)
PARAMETER (see definitions) CONDITIONS MIN, TYP. MAX. UNITS
Input Offset Voltage Rg<10k,*9V<Vg<+15V 2.0 7.5 mV
Input Offset Current 100 500 nA
Input Bias Current 0.3 1.5 rA
Input Resistance 50 250 k2
Output Resistance 150 Q
Large Signal Voitage Gain RL>2kQ, VoyT =10V 15,000 45,000 \7\%
. R >10kQ +12 +14 \YJ
tput Voltage S
Output Voltage Swing R >2 kQ +10 £13 Y
Input Voltage Range +8.0 +10 v
Common Mode Rejection Ratio Rg < 10 k2 65 90 dB
Supply Voltage Rejection Ratio Rg < 10 k& 25 200 uVviv
Power Consumption 80 200 mw
VIN =20 mV, R =2k,
. Risetime Cq =5000 pF, Rq = 1.5 kQ, 0.3 us
Transient Response Cp =200 pF, Ry = 509
Overshoot CL <100 pF 10 %
The following specifications apply for 0°C < Ta < +70°C:
Input Offset Voltage Rg<10kf,¥9V<Vg<tibV 10 mV
Input Offset Current . 750 nA
input Bias Current 2.0 MA
Large Signal Voltage Gain RL>2kQ,Voyr =10V 12,000 VIV
Input Resistance 35 k2

PERFORMANCE CURVES FOR 709C

INPUT COMMON MODE

. VOLTAGE GAIN OUTPUT VOLTAGE SWING VOLTAGE RANGE
20 2
RL22k® | C°C<TA<+70°C : w':g'rlAsLm'c esTAS IO
>
> 25 10
1 Q L~ I
z L g O 8
§ 10k 1 ( 3 o b v —L % 8. N
g pE= : At : W
g “ﬁ/ E " “““\N\ﬁ g L]
3 15 3 60
% ] H =] P ]
z 5k o 10 g 4
g g g
& H
5 g 2
0 9 10 n 12 13 14 15 09 10 1 12 13 14 15 109 10 1 12 13 14 15
SUPPLY VOLTAGE — £V SUPPLY VOLTAGE — £V SUPPLY VOLTAGE — £V
FREQUENCY COMPENSATION CURVES FOR ALL TYPES
OUTPUT VOLTAGE SWING AS A
OPEN-LOOP FREQUENCY FREQUENCY RESPONSE FUNCTION OF FREQUENCY
RESPONSE FOR VARIOUS FOR VARIOUS FOR VARIOUS
VALUES OF COMPENSATION CLOSED-LOOP GAINS COMPENSATION NETWORKS
100 T T | T T T T 32 T T TTTT
X ¥ G M I ”l l I “l | I ” Vs =216V V=215V ]
. e s L e o R ]
g LN 3 A ]
L AL
g €0 % el |1 | 4 w C1=100pF, Ry = 1.5kS, C2= 3 pF .'? 20—
g M 2 ~N g E
Gin I T NRNTIAR NN 1=
S G, g 4| G1=S00PF. Rt = 15 k82 C2= 2067 - 8
3 & 12— A
3= S 2 LTI e 3@
& N ] €1 =5000 pF, R1 = 1.5 k2, C2 = 200 pF 580 \
S, \\ ao - N W NN
40
N
25 Tk 10k W00k . 1M oM % Tk 10k 100k ™ om 1K ™ 0M
FREQUENCY — Hz FREQUENCY — Hz FREQUENCY — Hz
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA709

COMMON MODE REJECTION RATION — dB

- RELATIVE OUTPUT

OUTPUT VOLTAGE — V

INPUT BIAS CURRENT — nA

VOLTAGE TRANSFER
CHARACTERISTIC

Vg = +18V

L I/,
AL= 10k i/

Ta=-55C. /) Ta =126°C
P Ta=25°C
5.

&
>

-10 l'

/"

.

-16

-1.0 -08 -06 -04 -02 0 02 04 06 08 1.0
INPUT VOLTAGE — mV

INPUT BIAS CURRENT AS A
FUNCTION OF
AMBIENT TEMPERATURE

8

g
]

8

8

—

-60 -20 20 80 100 140
TEMPERATURE —°C

COMMON MODE REJECTION
RATIO AS A FUNCTION OF
AMBIENT TEMPERATURE

T T
R§ < 10k

o

3

g

2

102
-60 -20 20 80 100 140
TEMPERATURE - °C

TRANSIENT RESPONSE

OVERSHOOT

[

o

o
©

o
>
—

o
»
——

o
Y
tm—]

Vg=$15V
t RISE TIME Ta=25C

05 1.0 15 20 25
TIME — ps

VOLTAGE GAIN AS A

FUNCTION OF
AMBIENT TEMPERATURE
ok m’_-w‘m
60k
z
<
50k v
N ~
8 Y
3o T
5 ] "
20k Vs = 19y
ok | |
-60 -20 20 60 100 140

TEMPERATURE - °C

INPUT BIAS CURRENT AS A
FUNCTION OF
SUPPLY VOLTAGE

105 —
Ta=25°C
100
kS
é 95 =1
&
3
29
H]
&
80
9 10 1 12 13 14 15
SUPPLY VOLTAGE — tV
INPUT RESISTANCE AS A
FUNCTION OF
AMBIENT TEMPERATURE
50
a0
g -
1
S0 )/
Z
1]
2 o5
]
202
01
60 -2 20 60 100 140

TEMPERATURE - °C

TRANSIENT RESPONSE
TEST CIRCUIT

Pin numbers only apply to
metal can package.

T Vout
RL Ic._

TYPICAL PERFORMANCE CURVES FOR 709A

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE

| vs=#15v
TA=25°C

=

3 8 8

-1

»
R

8 R
™

&

PEAK-TO-PEAK OUTPUT SWING - V

I~

3

e

0.2 05 1 2 10
LOAD RESISTANCE - k2

INPUT OFFSET CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

8
L~

INPUT OFFSET CURRENT — nA

N

éo

-20 20 80 100 140
TEMPERATURE — °C

POWER CONSUMPTION AS A
FUNCTION OF
AMBIENT TEMPERATURE

90 T T
Vg = £16V

80

POWER CONSUMPTION — mW

50

40
-60 -20 20 60 100 140
TEMPERATURE - °C

SLEW RATE AS A FUNCTION
OF CLOSED-LOOP GAIN
USING RECOMMENDED

COMPENSATION NETWORKS

100 T T 1T
Vs =216V
[ TA=25°C
g0
>
1
@
& //
z
= il
@ 10 Y
Ve
0.1

1 10 100 1000
CLOSED-LOQP GAIN
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « upA709

OUTPUT VOLTAGE -V

INPUT RESISTANCE —~ M2

PEAK-TO-PEAK OUTPUT SWING — V

TYPICAL PERFORMANCE CURVES FOR 709 AND 709C

VOLTAGE TRANSFER

CHARACTERISTIC
15
v's=:|r5v =7
RL =10k //'
TA=-85°C.f Ta=125°C
/) Ta=25°C

I
o~

c

g
-

/,
vk

-15
-1.0 -08 -06 04 -02 0 02 04 06 08 1.0
INPUT VOLTAGE — mV

INPUT RESISTANCE
AS A FUNCTION OF
AMBIENT TEMPERATURE
1.0 —T—
Vg =12V
08 "
06
A
04
e
02
[
-60 -20 20 60 100 140

TEMPERATURE — °C

OUTPUT VOLTAGE
SWING AS A FUNCTION OF
LOAD RESISTANCE

30 —T

| vs=t15v
TA=25°C

N
3

N
i3

N
N

n
S

®

2

=

/

02 05 1 5 10
LOAD RESISTANCE — k2

S

3

°

INPUT BIAS CURRENT
AS A FUNCTION OF

AMBIENT TEMPERATURE
b V' =!1‘5V
08
<
B
4
E 0.6
g 04 \\\
5 N
: 02 \
’ I~
[}
-60 -20 20 60 100 140
TEMPERATURE - °C
POWER CONSUMPTION
AS A FUNCTION OF
AMBIENT TEMPERATURE
120 Vg = +15V
100
g
= [
2 80 =
==
8 e
* w0
20
~60 -20 20 60 100 140

TEMPERATURE —°C

FREQUENCY COMPENSATION
CIRCUIT

*Use Rp = 50 2 when the
amplifier is operated with
capacitive loading.

INPUT OFFSET CURRENT

AS A FUNCTION OF
AMBIENT TEMPERATURE
0 Vg =215V
160
<
T
e
§
3
=
& N
s TN
5
£ v
T~
960 -20 20 60 100 140
TEMPERATURE ~°C
INPUT BIAS CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE
0 Ta=25°C
225
kS
i -
o T
§ |
g 175
- 150
126
9 0 1" 12 13 14 15
SUPPLY VOLTAGE — £V
TRANSIENT RESPONSE
14
12 OVERSF\OOT
0 VN
] /
£ 0s /
g 0.6 /
g o
Ny
02 [ Vg=+16V
RISE TIME TA = 25°C
0
0 05 1.0 15 20
TIME — gs

25
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « nA709

TYPICAL PERFORMANCE CURVES FOR 709 AND 709C

FREQUENCY CHARACTERISTICS FREQUENCY CHARACTERISTICS
AS A FUNCTION OF AS A FUNCTION OF
SUPPLY VOLTAGE AMBIENT TEMPERATURE

15 T 20 p—r——p—r
Ta=25C 1V S VS 1BV ‘Jo &QIL'
13 16 ‘\/\Q’Q'
™ T"ANS; vﬁé@ /

S 3 ST

ERB T 12

: ~ H A

2 2 St

S 00 suew ARTE = 3 08 1 QON

2 1 g—\-oo\’ [ ow! g . Dioo"e ™

CLOSE! 44/0‘% S
07 04
05 [
-60 20 20 €0 100 140

9 10 1 12 13 14 %
SUPPLY VOLTAGE — 1V TEMPERATURE - °C

PROTECTION CIRCUITS

OUTPUT SHORT-CIRCUIT INPUT BREAKDOWN
PROTECTION PROTECTION

Ry

2 R1
o - § 2002 21
2AT08 6
o—3 Er w0 il
+
3

SUPPLY OVERVOLTAGE
LATCH-UP PROTECTION PROTECTION

b EQUT

Pin numbers only apply to metal can package.
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HA715
HIGH SPEED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The pA715 is a High Speed, High Gain, monolithic Operational
Amplifier constructed using the Fairchild Planar* epitaxial process. It is intended for use in a wide
range of applications where fast signal acquisition or wide bandwidth is required. The uA715 features
fast settling time, high slew rate, low offsets, and high output swing for large signal applications. In
addition, the device displays excellent temperature stability and will operate over a wide range of
supply voltages. The uA715 is ideally suited for use in A to D and D to A convérters, active filters,
deflection amplifiers, video amplifiers, phase locked loops, multiplexed analog gates, precision
comparators, sample and holds, and general feedback applications requiring dc wide bandwidth

operation.

e HIGHSLEWRATE.......... 100 V/us
e FASTSETTLINGTIME ....... 300 ns

e WIDEBANDWIDTH ......... 65 MHz
e WIDE OPERATING SUPPLY RANGE

e WIDE INPUT VOLTAGE RANGES

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Internal Power Dissipation (Note 1)

Metal Can

DIP

Differential Input Voltage

Input Voltage (Note 2)

Storage Temperature Range
Metal Can, DIP

Operating Temperature Range
Military (715)
Commercial {718C)

Lead Temperature (Soldering, 60 Seconds)
Meta! Can, DIP

+18 V

500 mW
670 mW
+15V
15V

—65°C to +150°C

—55°C to +125°C
0°Cto +70°C

300°C

EQUIVALENT CIRCUIT

S Rg < Rig Rig
2k ax 4k
ag {

A28

R Rs $AA—O
S 6ks2 5k o Cowp 24
¥ o Q19

L, f10 b——o

09 509

Q22

._..Ko.,

All Pin numbers shown refer to 10-lead TO-5 package

CONNECTION DIAGRAMS

10-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5F

ORDER INFORMATION

TYPE
715
715C

PART NO.
715HM
715HC

- 14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 6A

comp 1a [(]1 14— comp 28
comp 18 ]2 13 v+
cascope ] 3 121 comp 2a

INVERTING j,, > oureur
NON-INVERTING -
weur 5 0] Jv
N s 9l Inc
N []7 s[_Inc

ORDER INFORMATION

TYPE PART NO.
715 715DM
715C 715DC

Notes on following pages.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA715

ELECTRICAL CHARACTERISTICS FOR 715 (Vg = 15 V, Tp = 25°C unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voitage Rg <10 kQ 2.0 5.0 mV
Input Offset Current 70 250 nA
Input Bias Current 400 750 nA
Input Resistance 1.0 MO
Input Voltage Range +10 +12 \Y
Large Signal Voltage Gain R 22 kQ, Voyt =210V 15,000 30,000
Output Resistance 75 Q
Supply Current 5.5 7.0 mA
Power Consumption 165 210 mW
Acquisition Time (Unity Gain) Vour=+5V 800 : ns
Settling Time (Unit Gain) 300 ns
Tra?l-s,:it:; Zzsi;:;)nse Risetime ViN =400 mV 30 60 ns
Overshoot 25 40 %
Av =100 70 V/us
Av =10 38 V/us
Slew Rate Av = 1 (non-inverting) 15 18 V/us
Av = 1 (inverting) 100 V/us
The following apply for —65°C < T < +125°C:
Input Offset Voltage Rg <10 kQ 7.5 mv’
Tp =+125°C 250 nA
Input Offset Current TA-_65°C 800 A
. Ta=+125°C 750 nA
Input Bias Current Ta=—55°C 2.0 A
Common Mode Rejection Ratio Rg <10 kQ 74 922 dB
Supply Voltage Rejection Ratio Rg <10 k& 45 300 uV/V
Large Signal Voltage Gain RL >2kQ,Voyt =10V 10,000
Output Voltage Swing RL >2 k@ +10 13

OPEN LOOP GAIN

SLEW RATE - Vips

TYPICAL PERFORMANCE CURVES FOR 715

OPEN LOOP GAIN AS A FUNCTION
OF AMBIENT TEMPERATURE
* Vo by

Ry = 2%Q

50

30k

20k

10k

-8 0 L] 8 120
TEMPERATURE - °C

SLEW RATE AS A FUNCTION
OF TEMPERATURE

5 —
Vg© 215V
Ry = 10k2 |
2
]
N
15 P>
\\
10
5
0
-40 0 40 %0 120

TEMPERATURE - °C

COMMON MODE REJECTION RATIO - dB

SUPPLY VOLTAGE REJECTION RATIO

AS A FUNCTION OF
AMBIENT TEMPERATURE

0 T 1
180 RS <10k __
- Vg = 215V
> S
3 10
2 140
2
RN AN
z
§ 1N
g N
= 100
& N
g ® ™
2 N
3 & N
4 N
ZE ®
g
E
2 -
0
-0 [ L4 80 120

TEMPERATURE - °C

COMMON MODE REJECTION RATIO
AS A FUNCTION OF
AMBIENT TEMPERATURE

10 T T
Rg < 10k2 _ |
Vg L1sv
100
|
_—
%0 // \\
d ™
AT TN
& ,/
70
]
-0 0 L] 80 120

TEMPERATURE - °C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA715

ELECTRICAL CHARACTERISTICS FOR 715C (Vg = +15 V, Tp = 25°C unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10 kQ 2.0 7.5 mV
Input Offset Current 70 250 nA
Input Bias Current 0.4 1.5 MA
Input Resistance 1.0 MQ
Input Voltage Range +10 £12 \%
Common Mode Rejection Ratio Rg <10 kQ 74 92 dB
Supply Voltage Rejection Ratio Rg <10 k& 45 400 uv/v
Large Signal Voltage Gain RL>2kQ,VoyT =210V 10,000 30,000
Output Resistance 75 Q
Supply Current 55 10 mA
Power Consumption 165 300 mW
Acquisition Time (Unity Gain) Vout =15V 800 ns
Settling Time (Unity Gain 300 ns
Tra;’;’:ﬁi F:;si':‘?"se Risetime VN = 400 mV 30 75 ns
Qvershoot 25 50 %
Av =100 70 V/us
Av =10 38 V/us
Stew Rate Av = 1 (non-inverting) 10 18 V/us
. Av = 1 (inverting) 100 V/us
The following apply for 0°C < Tp < +70°C:
Input Offset Voltage Rg <10 kQ 10 mV
Tp =+70°C 250 nA
Input Offset Current TA=0°C 750 oA
] Tp = +70°C 15 uA
Input Bias Current TA - o°C 75 A
Large Signal Voltage Gain RL 22k, VoyT =10V 8,000
Output Voltage Swing R >2 kQ +10 13 \%

TYPICAL PERFORMANCE CURVES FOR 715C

OPEN LOOP GAIN AS A FUNCTION
OF AMBIENT TEMPERATURE
50k

T
V- sV |
R - 2@

20k

OPEN LOOP GAIN

0

[ 10 2 30 o 50 L] 70
TEMPERATURE - °C

SLEW RATE AS A FUNCTION

OF TEMPERATURE
3
|

Vg = 215V _‘

» R, = 10k

25

20

SLEW RATE - Viys

0 10 20 30 L) 50 60 70
TEMPERATURE - °C

SUPPLY VOLTAGE REJECTION PATIO - pviv

COMMON MODE REJECTION RATIO - dB

SUPPLY VOLTAGE REJECTION RATIO

AS A FUNCTION OF
AMBIENT TEMPERATURE
10
I
Rg< 10k _|
Vg - 15V

0 10 20 30 40 50 60 70
TEMPERATURE - °C

COMMON MODE REJECTION RATIO
AS A FUNCTION OF

AMBIENT TEMPERATURE
110
nssxlom |
Vg 15V

0 10 2 30 9 50 60 10
TEMPERATURE - °C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA715

COMPENSATION COMPONENTS VALUES

TYPICAL PERFORMANCE CURVES FOR 715 AND 715C

NON-INVERTING

CLOSED
LoopP | c, c, c,
GAIN
1000 | 10pF | — _
100 50 pF — 250 pF
10 * | 100 pF | 500 pF | 1000 pF
1 500 pF | 2000 pF | 1000 pF
*For Gain 10, compensation may be

simplified by

FREQUENCY COMPENSATION
CIRCUIT

021: lca

removing Cp, C3 and

adding a 200 pF capacitor (C4) between Pin 7 and 10.

QUTPUT VOLTAGE - Vv

OUTPUT VOLTAGE - V

SLEW RATE - Vius

INVERTING UNITY GAIN

LARGE SIGNAL PULSE

RESPONSE
T T
Ve E1V
20— S o,
Tp"25°C
D \'4
2.0
-4.0
A
6.0
400 0 o 800 20 160
TIME - ns

UNITY GAIN LARGE SIGNAL
PULSE RESPONSE

6.0 r
Vet 15V
5.0 A

. \ IR
40

\

T

0 400 K. 1200 1600
TIME - ns

SLEW RATE AS A FUNCTION
OF THE CLOSED LOOP GAIN

100 T
Vgo £ 15V |
o= 25°C

8 Ry = 10k

-60 »e

« W

A
2 A
0
1 10 100

CLOSED LOOP GAIN

CUTPUT VOLTAGE - V

SLEW RATE - Vius

HIGH SLEW RATE CIRCUIT

Skl
INPUT

e
OUTPUT

2.5k

LARGE SIGNAL PULSE RESPONSE

FOR GAIN 10
6.0 T

Vge i 15V
Ta"°C 4

5.0

4.0 I
3.0 I
2.0

L1

\

0 20 40 600 800 1000 1200 1400 1600
TIME - ns

SLEW RATE AS A FUNCTION
OF SUPPLY VOLTAGE

24 T

IS 5 ]
Ry ~10k2

2 4
NO COMP.

4
16
L/
v W
A

8 )4

4

0

6 10 14 18 2

SUPPLY VOLTAGE - V

OUTPUT VOLTAGE - V

CAPACITANCE -

OQUTPUT VOLTAGE - mV

SUGGESTED VALUES OF

COMPENSATION CAPACITORS

10k

w
g

AS A FUNCTION OF
THE CLOSED LOOP GAIN

I

Vg = £15V]

&

Cl"‘g el

CLOSED LOOP GAIN

SMALL SIGNAL PULSE RESPONSE

-200

INVERTING UNITY GAIN

Ta*5°C —
\ vy = 400mv

\

V

0 160 320 480
TIME - ns

LARGE SIGNAL PULSE RESPONSE

6.0

5.0

FOR GAIN 100

Vg t15V

4.0

Tp"25%

3.0

2.0

200 400 600 800 1000 1200 1400 1600
TIME - ns

VOLTAGE OFFSET
NULL CIRCUIT
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « pA715

TYPICAL PERFORMANCE CURVES FOR 715 AND 715C

OPEN LOOP RESPONSE WITH

COMPENSATION NECESSARY FOR CLOSED LOOP FREQUENCY
VARIQUS CLOSED LOOP RESPONSE FOR VARIOUS OPEN LOOP GAIN AS A
GAIN CONFIGURATIONS __ GAIN CONFIGURATIONS FUNCTION OF FREQUENCY
“ Ve=tlsv 8 T T 17171 100 - T
T, -2 HH vg=L15v Vg=tlsV
100 A o GA\' T '1|)00 Tp=5°C . \\ Tp= 5%
@ H " g NO COMP, ]
s g NN I N ! \\ s N
E NN > ‘1’/{ © GAIN 100 N 2
w N, < @ 8 N w
g RIRRA - il A\ :
g 4 c/y/\’o N g, GAIN 10 g © E
g NN L] N g |
g N AL g
g NN . GAIN1 L4 S
0 Sy
- 20 0
Ik 10k 100k ™ oM 50M 1K 10k 100k M 1w 50M Ik 0k 100 " oM 100M
FREQUENCY - Hz FREQUENCY - Hz FREQUENCY - Hz
OUTPUT SWING AS A FUNCTION
SUPPLY VOLTAGE REJECTION RATIO OF FREQUENCY FOR VARIOUS OPEN LOOP PHASE AS A
AS A FUNCTION OF FREQUENCY = CLOSED LOOP GAIN CONFIGURATIONS FUNCTION OF FREQUENCY
10 T T 1T 3 y oy T
. oy RN s
3w AV‘:;COMP > Z N fLoiowa 80 NO COMP. T
g Eow g \
8 o 5  SAi 2 -160
5 S Il GAIN 100 <
= =1 5 " =
£ % GAIN 10 57 E -
£ 3o | P
= K &
g 2 & 5 \ \ 320
0 0 -400
0,001 0.01 o 10 0 50 0.001 0.01 0.1 L0 10 0.000 001 0.1 1.0 E
FREQUENCY - kHz FREQUENCY - MHz FREQUENCY - MHz
VOLTAGE FOLLOWER COMMON MODE REJECTION RATIO
TRANSIENT RESPONSE VOLTAGE FOLLOWER AS A FUNCTION OF FREQUENCY
700 T 100 T T 17
Vs=ilsv : V- 115V ||
600 a A - a5
Vi = 400 mv T w0 s A’: « 1 COMP.
500 s00pF FO100 § \\
z 00 3 N § 60 AN
5 05— g
£ . pAT1S g 0
o— =
1 =
200 =1
/
LOnF 8
100
'“”'/ RISETIME vV = 1:
% w B m m om0 Y1 0.1 1.0 10 00 500
TIME - ns FREQUENCY = kiiz

NOTES

1. Rating applies to ambient temperature up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for Metal Can and 8.3 mW/°C for the
DIP.

2. For supply voltages less than £15 V, the absolute maximum input voltage is equal to the supply voltage.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e« uA715

TYPICAL APPLICATIONS

WIDE BAND VIDEO AMPLIFIER WITH 75 2 COAX CABLE

DRIVE CAPABILITY

0.5pF
o 51k
o VIDED QUTPUT
0 T0 750 C0AX
150
$+—AM—0
P \
: s M P Pour e . (e -
= » SuA P-P)y i 51kQ ! +—w—o
MAAS 1
| $s00 lISnF L Zsne
! ] T 1 7
[ T 5Q
-30 1 H *—"\A—0
NOISE OUT » 2mVRMS EQUIVALENT GIRCUTT FOR INAGE ORTHICON 351k
. P-P SIGIRMS NOISE - 4208 3
-0 50
0.000 0.0 0l ) 10 f00 = L—wv—o
FREQUENCY - MHz
HIGH SPEED 10-BIT DIGITAL TO ANALOG CONVERTER
ANALOG OUTPUT 0 TO +5.0 V

VLH=3V
5 mV/DIV(5 V FULL SCALE)
0.5 us/DIV

T=0at ist. DIV
I A N N

200pF

12

+6.0V et

14

D TUL OR TTpL
DIGITAL INPUT

1.5k I |

-6.0V

MAT22/uAT715 op' amp switching ON, as it should
with typical logic voltage on least significant bits.
Note complete absence of ringing.

NOTE:

13
o ——————— -
- '.
! SRel Rel0S | 3.9k0
| 3 e 3
| <
| 1 —
1 i =
' '
Lo RESSTORARRAY

Conversion Rate
6 bits - 300 ns
8 bits - 600 ns
10 bits - 1000 ns

AAA
FULL SCALE ADJUST
+8.0V TO +18V

—o0
ANALOG OUTPUT
0T0 +5.0V

II

—8.0V TO-18vV

Contact Fairchild for additional information including how to increase conversion speed by clamping L.SB’s and how to obtain bipolar outputs.

HIGH SPEED SAMPLE AND HOLD

ANALOG R} k0 Ry 1k
INPUT O—AAA- —AAA
FD6 5V
Rz Rs 1000pF
15k v DROOP A ]
R, ADJUST Moy c,™!
6 +15v | 39040 500pF
250kn 1
+15V
A S P
apjust S TTIfT
15-60pF 1 ot
Y4 Qy
+5V Ica 10
I
HOLD O—d
SAMPLE ~ SAMPLE = 2kQ 1000pF
PULSE Cs
L06IC INPUT

HIGH SPEED INTEGRATOR

5.0kQ

OUTPUT

INPUT
—o0

2
Toka
15
10
INPU]
e sh / 7 \\
g /|
>
s A 1N
g N
g / N\
—o
ouTPUT s VA 4
T~ QuTPUT
10
-5
2, 1.0 2,0 3.0 0.0 5.0
TIMES
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T I |
0 p#————— SETTLING TIME ——————=f

ERROR
( BAND

5 B

I%‘ ACQUISITION TIME

HELPFUL HINTS

LAYOUT — The layout should be such that stray capacitance is minimal.
-SUPPLIES — The supplies should be adequately bypassed. Use of 0.1 uF high quality ceramic capacitors is recommended.

RINGING — Excessive ringing {long acquisition time) may occur with large capacitive loads. This may be reduced by isolating the capacitive
load with a resistance of 100 2. Large source resistances may also give rise to the same problem and this may be decreased by the addition of a
capacitance across the feedback resistance. A value of around 50 pF for unity gain configuration and around 3.0 pF for gain 10 should be
adequate. ‘ )

LATCH UP — This may occur when the amplifier is used as a voltage follower. The inclusion of a diode between pins 6 and 2 with the cathode
towards pin 2 is the recommended preventive. )
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HA725
INSTRUMENTATION OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DE.SCRIPTIQN - The uA715_ is 'a monolithic I.ns.trumentation Op.erational Amp!ifier CONNECTION DIAGRAM
constructed using the Fairchild Planar* epitaxial process. It is intended for precise, low level signal
amplification applications where low noise, low drift and accurate closed loop gain are required. The 8-LEAD METAL CAN
offset null capability, low power consumption, very high voltage gain as well as wide power supply (TOP VIEW)
voltage.rar!ge provid_e supgrior performance for a widg range of. i_nstrumentation applications. The PACKAGE OUTLINE 5B
#A715 is pin compatible with the popular uA741 operational amplifier.
e LOWINPUT NOISE CURRENT ........0.15pA\/ Hz
o HIGH OPEN LOOPGAIN .. .. .. ......3,000000
e LOW INPUT OFFSET CURRENT. . ......2nA OFFSET he
e LOWINPUT VOLTAGEDRIFT ........ 0.6 uV/°C NV
¢ HIGH COMMON MODE REJECTION ... .. 120dB
e HIGH INPUT VOLTAGE RANGE . ...... 14 V
e WIDE POWER SUPPLY RANGE ........ +t3VTO 22V .
e OFFSET NULL CAPABILITY INVERTING O OUTPUT
/OUTPUY
ABSOLUTE MAXIMUM RATINGS NON-INVERTING U COMPENSATION
Supply Voitage +22
Internal Power Dissipation (Note 1) v
Metal Can 500 mW
Differential Input Voltage 5V
Input Voltage (Note 2) 22V
+
Voltage Between Offset Null and V +0.5V ORDER INFORMATION
Storage Temperature Range
Metal Can —65°C to +160°C TYPE PART NO.
Operating Temperature Range 725A 725AHM
Military {725A, 725) —55°C to +125°C 725 725HM
Commercial (725E, 725C) 0°Cto+7¢/C 725C 725HC
Lead Temperature 725E 725EHC
Metal Can (Soldering, 60 Seconds) 300°C
EQUIVALENT CIRCUIT vt
T 7
1
R: ]
3o 30 3Ra 3T o o A
4 AW~ -0
100 k2 Q
42"‘:95; EXTERNAL E:sxn 5/‘ I '\ Qo Jl\/{m
Q23 [
Ko ] | 3
30—* Q1 Q2 2 Q7 Qg out
13
.___KQZS
NON-
e e
On}——‘sz
0 Y K QU pras |) Q16 Q17
R4 Rs Rs  SRe $R SR $az Shr R4
2.7 k2 2202 B.1kS2 & 2.4k > 2,4k 5.1kQ > 1 k2 1502 3009 v-
04

Notes on following pages
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « nA725

725A
ELECTRICAL CHARACTERISTICS (Vg =215V, Ta = 25°C unless otherwise specified)
PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage (Without external trim) Rg <10 kQ 0.5 mV
Input Offset Current 5.0 nA
Input Bias Current 75 nA
fo=10Hz 15 nV/</ Hz'
Input Noise Voltage fo =100 Hz 9.0 nV/+/ Hz
fo=1kHz 7.5 nV/+/ Hz
fo=10Hz 1.2 pA/+/ Hz
Input Noise Current fo =100 Hz 0.6 pA/«/ Hz
fo=1kHz 0.25 pA// Hz
Input Resistance 1.5 MQ
Input Voltage Range +13.5 +14 v
Ry =2kQ, Voyt =10V 1,000,000 3,000,000 VIV
i i > = +0.
Large Signal Voltage Gain R =500 2, VoyTt =05V, 100,000 VIV
Vg =3V
Common Mode Rejection Ratio Rg <10 kQ 120 130 dB
Power Supply Rejection Ratio Rg <10 k2 2.0 5.0 uVv/v
. RL =10 kQ +12.5 \%
Output Voltage Swing
RL =2k £10 \%
Output Resistance 150 Q
’ . 80 120 mwW
Power Consumption
Vg=+3V 6.0 mW
The following specifications apply for —55°C < T < +125°C unless otherwise specified:
Input Offset Voltage (Without External trim) Rg <10 kQ 0.7 mV
Average Input Offset Voltage Drift Rg = 50 O 20 uV/°C
(Without external trim)
Aver.age Input Offset Voltage Drift Rg =50 0.6 1.0 uV/°C
(With external trim)
Ta=+125°C 4.0 A
Input Offset Current A > .
Ta=-55C 5.0 18 nA
Average Input Offset Current Drift 90 pA/°C
. Ta=+125°C 70 nA
Input Bias Current =
Tao=-55C 180 nA
RL =2k, Ta=+125°C 1,000,000 A%
Large Signal Voltage Gain L A S /
RL>2kQ,Tpo=-55C 500,000 VIV
Common Mode Rejection Ratio Rs < 10 kQ 110 dB
Power Supply Rejection Ratio Rg <10 kQ 8.0 uV/Vv
Output Volitage Swing RL =2k +10 \"
TYPICAL PERFORMANCE CURVES FOR 725A AND 725
OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF TEMPER- NULLED INPUT OFFSET UNNULLED INPUT OFFSET
ATURE FOR VARIOUS VOLTAGE AS A FUNCTION VOLTAGE AS A FUNCTION
SUPPLY VOLTAGES OF TEMPERATURE OF TEMPERATURE
140 - ] T 1 1.0
R e EAEESTY . oo Vs LY ! 1
L) T = Vg <5uV at 5°C Veeany
. -1 T T ' 0.8
s 122 Ve W >
i e A f A :
2 N R 22k ; £ 0
= 100 Y 5 o ] 2 el
g 2 — & A
= 4 & 04
E z 2 |
= - 0 =
s & 2
ES 0.2
-100
" — 2 ) 100 10 0 -0 2 ) 100 w0 % -2 ) ) 100 140
TEMPERATURE - °C TEMPERATURE - °C TEMPERATURE - °C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA725

725 .
‘ELECTRICAL CHARACTERISTICS (Vg = +15 V, T = 25°C-unless-otherwise-specified)
PARAMETER TEST CONDITIONS MiN. TYP. MAX. UNITS
input Offset Voltage (Without external trim) Rg <10 kQ 0.5 1.0 mV
Input Offset Current 2.0 20 nA
Input Bias Current 42 100 nA
fo =10 Hz 15 nV/\/Hz
Input Noise Voltage fo = 100 Hz 9.0 nV/y/Hz
fo =1 kHz 8.0 nV/ \/Hz
) fo =10 Hz 1.0 pA/\/Hz
Input Noise Current fo =100 Hz 0.3 pA//Hz
. fo=1kHz 0.15 pA/ \/Hz
Input Resistance 15 MQ
Input Voltage Range 135 +14 \'
Large Signal Voltage Gain R > 2k, VoyT =10V 1,000,000 3,000,000 Vv/vV
Common Mode Rejection Ratio Rg <10 kQ 110 120 dB
Power Supply Rejection Ratio Rg < 10 kQ 2.0 10 uVIV
. Ry >10kQ +12 135 \
Output Voltage Swing RLS 2ka 310 1135 v
Output Resistance 150 Q
Power Consumption 80 105 mwW
The following specifications apply for ~55°C < T < +125°C unless otherwise specified:
Input Offset Voltage (Without external trim) Rg < 10 kQ 1.5 mV
Average Input Offset Voltage Drift Rg =500 2.0 5.0 uv/°C
(Without external trim)
Average Input Offset Voltage Drift Rg = 50 0.6 uv/°c
(With external trim)
Ta =+125°C 1.2 20 nA
Input Offset Current Ta = 55°C 75 20 vy
Average Input Offset Current Drift 35 150 pA/°C
. : Ta =+125°C 20 100 nA
Input Bias Current Ta =55°C 80 200 oA
. . RL>2kQ,Ta =+125°C 1,000,000 VIV
Large Signal Voltage Gain RL > 2k, Ta = -55°C 250,000 LY,
Common Mode Rejection Ratio Rg <10k 100 dB
Power Supply Rejection Ratio Rg <10 kQ 20 rVv/V
Output Vpltage Swing RL> 2k +10 Vv

NOTES:

1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mw/°cC.
2. For supply voltages less than 22 V, the absolute maximum input voltage is equal to the supply voltage.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS «

uA725

725E
ELECTRICAL CHARACTERISTICS (Vg =+15V, Ta = 25°C unless otherwise specified)
PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage (Without external trim) Rs < 10 k2 0.5 mV
Input Offset Current 5.0 nA
Input Bias Current 75 nA
fo = 10 Hz 15 nV// Hz
Input Noise Voltage fo = 100 Hz 9.0 nV/ </ Hz
fo=1kHz 7.5 nV// Hz
fo =10 Hz 1.2 pA// Hz
Input Noise Current fo =100 Hz 0.6 pA/+/ Hz
fo =1 kHz 0.25 pA/«/ Hz
Input Resistance 1.5 MQ
Input Voltage Range +13.5 14 \"
RL>2kQ,VoyT =10V 1,000,000 3,000,000 \7AY)
Large Signal Voltage Gain R =500 2, VoyT =205V 100,000 VIV
Vg=13V
Common Mode Rejection Ratio Rg <10 kQ 120 dB
Power Supply Rejection Ratio Rg < 10 kQ 2.0 5.0 uV/IV
] RL > 10 kR +12.5 Y
Output Voltage Swing RS2k 0 v
Qutput Resistance 150 Q
Power Consumption 80 150 i
Vg =3V 6.0 mw
The following specifications apply for 0°C < TA < +70°C unless otherwise specified:
Input Offset Voltage (Without external trim) Rs < 10 kQ 0.75 mV
Average Input Offset Voltage Drift Rs = 50 2 20 uVI°C
(Without external trim)
Average Input Offset Voltage Drift Rs =50 Q 1.0 uV/°C
(With external trim)
Ta=+70°C 1.2 4.0 nA -
Input Offset Current -
Tao=0C 4.0 18 nA
Average Input Offset Current Drift 10 90 pA/°C
. Ta =+70°C 70 nA
Input Bias Current —
Ta=0C 180 nA
L RL>2k§, Ta=+70°C 1,000,000 VIV
Large Signal Voltage -
SR >2kQ, TA=07C 500,000 V/V
Common Mode Rejection Ratio Rg <10 kQ 110 dB
Power Supply Rejection Ratio Rg < 10 k2 8.0 pV/IVvV
Output Voltage Swing RL=>2k& +10 \YJ

SUPPLY VOLTAGES

TYPICAL PERFORMANCE CURVES FOR 725E AND 725C

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF TEMPER-
ATURE FOR VARIOUS

Vg = r20v

Vg~ 11V

= +10V.
Vg=t

S

Vg 15V

o
3

OPEN LOOP VOLTAGE GAIN - dB
g

RILEZI(Q

60 !

0 10 20 30 40 50 60
TEMPERATURE - °C

7

NULLED INPUT OFFSET
VOLTAGE AS A FUNCTION
OF TEMPERATURE

VgtV ]*

VOSSIBuV at 2§°C

CHANGE IN INPUT OFFSET VOLTAGE - W'
o

-100

0 10 20 30 L) 50 60 70

TEMPERATURE - °C

INPUT OFFSET VOLTAGE - mV

0.8

0.6

0.2

UNNULLED INPUT OFFSET.

VOLTAGE AS A FUNCTION
OF TEMPERATURE

Vg = 15V

0 10 20 30

50 60 70

TEMPERATURE - °C
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725C

ELECTRICAL CHARACTERISTICS (Vg =+15 V, Ta = 25°C unless otherwise specified)

PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage (Without external trim) Rg <10 kQ 0.5 25 mV
Input Offset Current 20 35 nA
Input Bias Current 42 125 nA
fo=10Hz 15 nv//Hz
Input Noise Voltage fo = 100 Hz 9.0 nV/ Hz
fo = 1kHz 8.0 nV/ Hz
fo =10 Hz 1.0 pA/ Hz
Input Noise Current fo = 100 Hz 0.3 pA//Hz
fo=1kHz 0.15 pA/ \/Hz
Input Resistance 15 MQ
Input Voltage Range +13.5 +14 \")
Large Signal Voltage Gain RL>2kQ, Voyt=t10V 250,000 3,000,000 v/v
Common Mode Rejection Ratio Rg < 10kQ 94 120 dB
Power Supply Rejection Ratio Rg <10 kQ 2.0 35 uv/v
i RL>10kQ +12 +13.5 Y
Output Voltage Swing Rt S2K0 10 2135 v
Output Resistance 150 Q
Power Consumption 80 150 mwW
The following specifications apply for 0°C < Tp < +70°C unless otherwise specified:
Input Offset Voitage (Without external trim) Rg < 10kQ 3.5 mV
Average Input Offset Voltage Drift Rg = 50Q 20 wv/°c
(Without external trim)
Average Input Offset Voltage Drift Rg = 60Q 0.6 uv/°C
(With external trim)
: Ta = +70°C 1.2 35 nA
Input Offset Current T:: —o°C 20 =) oA
Average Input Offset Current Drift 10 pA/°C
Input Bias Current Ta=+70°C 125 nA
Ta=0°C 250 nA
R >2kQ, Tp=+70° 125,000 v/ v
Large Signal Voltage RL>2ks,Ta=-00C 125,000 V/V
Common Mode Rejection Ratio Rg < 10 kQ 115 dB
Power Supply Rejection Ratio Rg <10k 20 wv/iv
Qutput Voltage Swing RL>2kQ +10 \"
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COMMON MODE REJECTION RATIO - dB

COMMON MODE REJECTION RATIO - dB

TYPICAL PERFORMANCE CURVES FOR ALL TYPES (Unless Otherwise Specified)

INPUT OFFSET CURRENT
AS A FUNCTION
OF TEMPERATURE
725A AND 725

8 T
\ Vg = +1V
7
< 6
3
'
=
& 5
g
3
- 4
A
s
e 3
2
El
I~
1
0
-60 -0 20 60 100 140

TEMPERATURE - °C

INPUT BIAS CURRENT
AS A FUNCTION
OF TEMPERATURE

INPUT OFFSET CURRENT
AS A FUNCTION
OF TEMPERATURE
725C AND 725E

T
Vg = 115V

INPUT OFFSET CURRENT - nA
IS

o o 0 4@ 0 60 70
TEMPERATURE - °C
INPUT BIAS CURRENT

AS A FUNCTION
OF TEMPERATURE

725A AND 725 725C AND 725E
10 100
L 80
= N E
Y AN \\ )
H N\ Vg t20v £ Vg to0v
g, Vst é = ] Vg t15V
T % v?ozsv/'\\\ T R - 7 —
LS N s
o 20 2 ) 100 ) % 0w ® @ s w 7w
TEMPERATURE - °C TEMPERATURE - °C
. SUPPLY VOLTAGE
COMMON MODE REJECTION REJECTION RATIO OUTPUT VOLTAGE SWING
RATIO AS A FUNCTION OF AS A FUNCTION AS A FUNCTION OF
TEMPERATURE OF TEMPERATURE TEMPERATURE
140 l ’ 10 T ] , o Vg~ 220V
| Vg = 15V z Vg ety > *
120 a1 e ®
g % I~ Vg =215V
100 3 'é 2
g % 2 Vs = 210V
% > 4 3 16
3 - 5 n
60 % 2 T ) VSTW
[ T RZ2KQ 1
) 0 ol—
-0 -0 2 60 100 10 50 ) Py ) w1 -0 20 2 ) 0w

TEMPERATURE - °C

COMMON MODE REJECTION
RATIO AS A FUNCTION

TEMPERATURE - °C

D.C. CLOSED LOOP
VOLTAGE GAIN ERROR
AS A FUNCTION OF

OF SUPPLY VOLTAGE SOURCE RESISTANCE
I ERT T ) L0, =% Ach‘[“W’
120 é
% 0.1
e ] Aygy 1000
g
80 s
So.0l
&
o g Ayer 100
@ 0.001

5 10 15 20 1
SUPPLY VOLTAGE - £V

10 100 1k 10k 100k m
SOURCE RESISTANCE - Q

TEMPERATURE - °C

COMMON MODE INPUT
VOLTAGE RANGE AS A
FUNCTION OF
SUPPLY VOLTAGE

T
T3 /

16 |

u A

>
+
\
w
<o
=
<
=
<]
5 7~
=3
>
5 /
Z v
g
g .
8
0
5 10 5 2

SUPPLY VOLTAGE - #V
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CHANGE IN INPUT OFFSET VOLTAGE - pv

1013

1=

MEAN SQUARE NOISE VOLTAGE -~ vimz

10718

50

10

d

=

sl
[]

..
el
=

0

100k

SOURCE RESISTANCE - Q

EQUIVALENT INPUT RIPPLE VOLTAGE - uvw

10k

&

%

S

TYPICAL PERFORMANCE CURVES FOR ALL TYPES

INPUT OFFSET VOLTAGE
DRIFT AS A
FUNCTION OF TIME

—T
Vg t1V
[Vos < 20uVatt=0
| T4-40°C

REND LINE

0 200 400 600 800

TIME - HRS

INPUT NOISE VOLTAGE
AS A FUNCTION
OF FREQUENCY

T TTT
Vg t15V
T3~ 5°C ]
10 10 I 10k 100k
FREQUENCY ~ Hz
NARROW BAND SPOT
NOISE FIGURE CONTOURS
/ Vg - 1BV
{ T, » 5°C
-
N 1.0d8
N
WL
T 50 V1
N 7
I
~ | U
\\ N~ dB
N |
10
h d
N
el TN
10 102 103 104 10°
FREQUENCY - Hz

EQUIVALENT INPUT RIPPLE
VOLTAGE DUE TO POWER
SUPPLY RIPPLE AS A
FUNCTION OF FREQUENCY

11 T TTT
Vsl' 1BV FREQ COMPENSATION
T, -2°C Aver! ]
/I
PEAK TO PEAK ,/
POWER SUPPLY 71
RIPPLE VOLTAGE [ 1T—#11
i I /
B> yd
XS 7
/ &y > 3 /
>
S
//, /» ‘f S/
A AN

1 10 100 1k
FREQUENCY - Hz

CHANGE {N INPUT OFFSET VOLTAGE - W

MEAN SQUARE NOISE CURRENT - A%Hz

NO1SE FIGURE - dB

POWER DISSIPATION - mW

=

(Unless Otherwise Specified)

. CHANGE IN INPUT OFFSET
STABILIZATION TIME OF VOLTAGE DUE TO
INPUT OFFSET VOLTAGE THERMAL SHOCK AS A
FROM POWER TURN-ON FUNCTION OF TIME
® WET | |
Vo= 15V .
» PREVIOUS vosls w__| ES ze | ot
é »
® g
g 10 /
5 / Vgr 115V
L N 2 PREVIOUS QUIESCENT—|
N = Vos< IV
\\ § 0
0 H
i <] ~— tappLy
| "
0 1 2 3 4 2 0 2 4 6 8 10
TIME FROM POWER APPLICATION - MIN TIME FROM HEAT APPLICATION - SECONDS
INPUT NOISE CURRENT
AS A FUNCTION BROADBAND NOISE FOR
OF FREQUENCY VARIOUS BANDWIDTHS
w? AN p W TTTT
Vg- 15V E | _vg-ibv
TarZ°c - Y
w3 < ~
3 P
g w o
-24 o
v § [——]"10Hz - 100kHz
A V. ] 1 [ A
%
' g 1o —-1|H1-| e ]
B | al
0"26 § _I_;-l\k Y — —
2 |
g
w? 0l I |
10 100 Ik 10k 100k . 10 0 10k 100
FREQUENCY - Hz SOURCE RESISTANCE - ©
EQUIVALENT INPUT NOISE
VOLTAGE DUE TO
NOISE FIGURE AS A EXTERNAL COMMON MODE
FUNCTION OF SOURCE NOISE AS A FUNCTION
RESISTANCE OF FREQUENCY
14 TT N : U‘ 7
¥5_ ;z L \IISH I:1s|v - :FR[EQ Icl)ursr!ulnm
# P | £ [rscr  Acoct!
\ ool ] LA A
10 & T 1 I TTT Taov [ 4
\ 5 [{EXTERNAL COMMON MODE
. \ 5 [t OLTAGE Vil ’
R A Lw/ /
6 s / i
H 100mv YA
4 5 / / A L/
g
\\\ § 10 v 3 On\: ’Z
2 N g 7
B \\.‘ 3 A
0 L / /
100 1K 10k 100 10 100 Ik 10k 100k ™M
SOURCE RESISTANCE - 2 . FREQUENCY - Hz
ABSOLUTE MAXIMUM
POWER DISSIPATION AS POWER CONSUMPTION
A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE TEMPERATURE
60 160 I T
10 . | ! Ry
500 \-\Vs “tay,
- N ? 120
N rzsaand 125 g
Iy T ——
%0 725 and 725C § ® L L
20 N g *
§ [ — Vg £ 10y ——
100 B
x Vg TV
o 0 L 1 1
» ) & ) 105 1 60 2 2 6 100 0

TEMPERATURE - °C

TEMPERATURE - °C
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OPEN LOOP VOLTAGE GAIN - dB.

TYPICAL PERFORMANCE CURVES FOR ALL TYPES

OPEN LOOP VOLTAGE FREQUENCY RESPONSE
GAIN AS A FUNCTION OF VALUES FOR SUGGESTED FOR VARIOUS CLOSED-
FREQUENCY USING COMPENSATION LOOP GAINS USING
RECOMMENDED ] NETWORKS FOR VARIOUS RECOMMENDED
COMPENSATION CLOSED LOOP COMPENSATION
NETWORKS VOLTAGE GAINS NETWORKS
| " L 100k ! 1ook ° Ry = 10kQ2 C; = 50pF tf Zf:gv_
} Vs~ 4
10k AN 10k Rll- 47on|c1 - .ml||A‘ a
N @ .
X s L[] A
¢ K 3 K 2 z © Ry - 479 C; - .0F N
§ = z S LI i
g 100 /: r LA N 10 3 s P il Ry 2100 Gy ~ MU
vk mn A O T SN
fie= 3 [Rrwnc; - B ety N
10 = 0 B N
-2
v 12 1@ o 10w b Y 10 17 10 ! W 2 4 w 2 4 05 2
FREQUENCY - Hz CLOSED LOOP GAIN - VNV FREQUENCY - Hz
OUTPUT VOLTAGE SWING
AS A FUNCTION OF
FREQUENCY FOR . SLEW RATE AS A FUNCTION
RECOMMENDED OF CLOSED-LOOP GAIN
COMPENSATION USING RECOMMENDED
NETWORKS COMPENSATION NETWORKS
3 \ o [vee v
1, - 55°C
= ® | 10 d
£ Ay = 10,000 ~
Z 5 y 210
H Ay~ 1000 ;
g A \1|00| E 7~
g 10 o o 2 0 -
g 5 l ! \ \ \ 0.01
-zc (N | N \
verrsv | [N TN
ST
B 107 10 104 10° 10 o 10 100 1000 10000
FREQUENCY - Hz CLOSED LOOP GAIN - VIV
FREQUENCY
COMPENSATION
VOLTAGE OFFSET COMPENSATION CIRCUIT
NULL CIRCUIT COMPONENT VALUES

R C1 R2 Ca
Ay () (uF) (Q) | (uF)

10,000 | 10k | 50pF | — -
1,000 | 470 | .001 - -
100 47 01 - - &

10 27 05 [ 270 | .0015 R%

R3"

*Use R3 = 518 when the amplifier
is operated with capacitive load.

1 10 .05 39 .02

TRANSIENT RESPONSE

TEST CIRCUIT TRANSIENT RESPONSE
50k 1200
800
B : wly
= vout M
=
g 7 Vgr 2BV
. 5 / TA=25°C __|
150 pF =
? 2 0% —/ gl_m
0 RISE TINE LT B0F__|
Ayg= 100
| ]
WL B
Pin numbers are shown for Metal Can onty. 4 ¢ ¢
TIME - S
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TYPICAL APPLICATIONS

PRECISION AMPLIFIER — AygcyL = 1000

500

50 M2 10882

v+ OFFSET]
NULL

k{2 2 100 ks S 90 ket

e

fouT

26
L3

uATZS
3f. d

500

001 uF

3 S0MQ %47&&!
+

ks

CHARACTERISTICS:
Ay = 1000 = 60 dB

DC Gain E
Bandwidth

Diff. Input Res. =

rror = 0.05% éIN

=1 kHz for —0.05% error
1MQ

Typical amplifying capability

eN =1
Caution:

OuVonVem =10V

Minimize Stray Capacitance

ACTIVE FILTER — BANDPASS WITH 60 dB GAIN

ACTIVE FILTER
FREQUENCY RESPONSE

NORMALI ZED FREQUENCY

10 T —— T
2+ yi% R3
- (A o)(ZEE) (————
Ry +Rg+ —L—
8 jmtoc, ' —
lI
E =10 " ERENT,Tox
= ® 1
= R. =R, S
5 L Q=12 ¢
= o
=3
] /
2 A N
t{DCGMN R Ry *+Ry T 5%
Ay,pc* 1+ R, |
0 | 1 3
0?2 ot o X0 gag?

OPEN LOOP VOLTAGE GAIN TEST CIRCUIT

100:;&2
o
R2
10082 10 k§2 2
AW
R1 -
10 Hz 10082 .
= 3 [ R2Rj+R1R{+R1R [
AVO”"Q 2R TR RN 12>=_g101
= { 014t eq R1 R e
= 1002
4700 '—_l_
- BANDPASS 0OSCILLOSCOPE
- > N0
v H
108 ]
-0 e L
PIN PHOTODIODE AMPLIFIER THERMOCOUPLE AMPLIFIER
01 Rq* 1002 ¢ slgops
A" 1k :::o Al . Way' s
i ;;’_J__" stieer THERMOCOUPLE y
ERU ADJUST 5 10k 1 = 5
INPUT oom : o1
‘Z:l‘ f‘R“'A - . ;mm e CALERATE
H/P 5082-4220 =10k yA725 A A REFERENCE
3 9.1k Rg® THERMOCOUPLE
@Mzzoﬁ 2kQ  METER 1mA
o Tom %r.m
T e -+ BT
NOTE: * Indicates £1% Metal film resistors recommended NOTE: * Indicates £1% metal film resistors recommended
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uA727

TEMPERATURE-CONTROLLED DIFFERENTIAL PREAMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The pA727 is a monolithic, fixed gain, Differential-input Differential-
Output Amplifier, constructed with the Fairchild Planar* epitaxial process, mounted in a high
thermal-resistance package, and held at constant temperature by active regulator circuitry. The high
gain and low standby dissipation of the regulator circuit give tight temperature control over a wide
ambient temperature range. The device is intended for use as a self-contained input stage in very
low-drift dc amplifiers, replacing complex chopper-stabilized amplifiers in such applications as
thermo-couple bridges, strain gauge transducers, and A to D conververs.

e VERY LOW OFFSET DRIFTS
e HIGH INPUT IMPEDANCE . . . 300 MQ2
e WIDE COMMON MODE RANGE . . . C\ypRr = 100dB

ABSOLUTE MAXIMUM RATINGS
Operating Temperature Range

CONNECTION DIAGRAM
10-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5U

FREQ.COMP. 1

Military (727) —55°C to +125°C

Commercial (727C) —20°C to +85°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 60 second time limit) 300°C ORDER INFORMATION
Internal Power Dissipation 500 mW TYPE PART NO.
Supply Voltage (Amplifier and Heater) 18V 727 727HM
Differential Input Voltage 10V 727¢C 227HC
Common Mode tnput Voltage +*15V
_EQUIVALENT CIRCUIT

vf
L] —o0
T TEm.AD) ‘Jn—_— 1
b 3
Rpg e Ty B33k L N N j
5y
2k | ke
Rg 20k ’ R $s0ke
. - .
—K 21
1 —
rREa.comp.i1 | 22 . 08 b0 | reeacour sz
10 3050 hs ot ; ,
30— Riogsokn Ry ds 0 ;
INPUT #1 Jg 1026 18360k u)—o
INPUT #2 0
"] . ouTPU #zn": 2t
Ria210ke o—4 Rig210kQ Rs$2 1y N 3240
0UTPUT #1 16310 s320 R34t 20, A
g} Ju Ju P\‘.“ls }nz, | " &
L
R R |
Rg3 [ 13 1 R f s
1312000 e 300 208 n3izne 1315k s3ia .
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA727

‘ 727

ELECTRICAL CHARACTERISTICS (—55°C < Ta<+125°C, V4 = Va+=+15V,V_=-15V, Rapy = 330 k2, unless otherwise specified)
PARAMETER CONDITIONS MIN, TYP. MAX, UNITS
Input Offset Voltage Rg < 508 2.0 10 mv
Input Offset Current 25 15 nA
Input Bias Current 12 40 nA
Input Offset Voltage Drift Rg < 502, +25‘;c STas< +12§°c 05 12 MW:C -

Rs < 508, —56°C < Tp < +25°C 0.6 1.5 wuv/eC
Input Offset Current Drift +25°°C STa< +125:C 2.0 pA/:C

—565°C < Tp < +25°C 2.0 pA/°C
Input Bias Current Drift ~B5°C < T, < +125°C 15 pA/°C
Differential Input Resistance 300 MQ
Common Mode Input Resistance 1000 MQ
Input Voltage Range » 12 *13 \Y
Supply Voltage Rejection Ratio Rg < 100 k2 80 uV/v
Common Mode Rejection Ratio Rg < 100 kQ 80 100 dB
QOutput Resistance 1.0 4.0 kQ
Output Common Mode Voltage —6.0 —-5.0 —4.0 \
Differential QOutput Voltage Swing +5.0 +7.0 10 \Y
Output Sink Current 10 30 80 HA
Differential Load Rejection 5.0 10 uV/uA
Differential Voltage Gain 60 100 250
Low Frequency Noise BW = 10 Hz to 500 Hz, Rg < 500 3.0 “Vems
Long Term Drift Rg < 500 5.0 uV/week
Amplifier Supply Current Ta =+25°C 1.0 2.0 mA
Heater Supply Current Ta= +25°C 10 15 mA

727C

ELECTRICAL CHARACTERISTICS (—20°C < T < +85°C, V4 = Va+ =+15 V, V_ = —15 V,Rapy = 1MS2, unless otherwise specified)
PARAMETER CONDITONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 50Q 2.0 10 mV
Input Offset Current 2.5 25 nA
Input Bias Current 12 75 nA
Input Offset Voltage Drift Rg < 500 0.6 3.0 wv/ocC
Input Offset Current Drift 2.0 pA/°C
Input Bias Current Drift 15 pA/°C
Differential Input Resistance 300 MQ
Common Mode Input Resistance 1000 MQ
Input Voltage Range 12 +13 \%

' Supgly Voltage Rejection Ratio Rg < 100 k2 80 pV/IV
Common Mode Rejection Ratio Rs < 100 kQ 70 100 dB
Output Resistance - 1.0 4.0 kQ
Output Common Mode Voltage -7.0 —5.0 —4.0 \'4
Differential Output Voltage Swing +3.0 +7.0 +10 \
Output Sink Current 10 30 80 HA
Differential L.oad Rejection 5.0 15 uV/uA
Differential Voltage Gain 50 100 250
Low Frequency Noise BW = 10 Hz to 500 Hz, Rg < 50 3.0 “Vims
Long Term Drift Rg < 500 5.0 kV/week
Amplifier Supply Current Tp =+25°C 1.0 2.0 mA
Heater Supply Current Tpa = +25°C 10 15 mA

3-40




FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA727

MEAN SQUARE NOISE VOLTAGE - V2 Hz

ENPUT COMMON MODE VOLTAGE RANGE - #V

DIFFERENTIAL VOLTAGE GAIN
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TYPICAL PERFORMANCE CURVES FOR 727 AND 727C
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AS A FUNCTION OF
FREQUENCY
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FAIRCHILD LINEAR INTEGRATED CIRCUITS  uA727

FREQUENCY COMPENSATION CIRCUIT

TYPICAL X1000 CIRCUIT

+16V
50k

50k

AAA

VVv

Vout
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pA730
DIFFERENTIAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The MA730 is a Differential Amplifier constructed on a single silicon
chip using the Fairchild Planar* epitaxial process. This device has a wide range of applications since CONNECTION DIAGRAM
it has both a differential input and output; any combination of single-ended or differential configura- 8-Lead Metal Can
tions can be gmployed at its. inqut and output. The c_arpitter follower output stage gives this device (TOP VIEW)
a low output impedance making it useful as a preamplifier. PACKAGE OUTLINE 58
Low z
QUTPUT 2
ABSOLUTE MAXIMUM RATINGS HIGH Z o R
ouTPUT 2 {7} ) Vv
Supply Voltage 15V
Differential Input Voltage x5V ‘ Lowz
Common Mode Input Voltage 25t055V INPUT 2 (J > P outeuT i
Internal Power Dissipation (Note 1) 500 mW
Operating Temperature Range INPUT 1 oﬁ'ﬁﬁ z,
Military (730) —55°C to +125°C O
Commercial (730C) 0°c tol+70°C ene
Storage Temperature Range —65°C to +160°C
Lead Temperature (Soldering, 60 seconds) +300°C NOTE: Pin 4 connected to case.
ORDER INFORMATION
TYPE PART NO.
730 730HM
NOTE: o R 730C 730HC
1. Rating applies for ambient temperature to +70 C; derate linearly at 6.3 mW/ C for ambient
temperatures above +70°C.

*Planar is a patented Fairchild process.

EQUIVALENT CIRCUIT pA
<L <L 4)
10ke ‘: <: 5.6kQ q: 10k
1 1
sk 5
Qg ‘\4‘ O 1 2 O— K Q

owz INPUT INPUT
L o o K Lowz
outpuT 1 O 1 }'——0 1 -2 G —O0 ouTPUT 2

N
% ‘& * S
*3 i: 2%
‘b
2.1k 3 13ka
b3
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e uA730

730

ELECTRICAL CHARACTERISTICS (TA =25°C, V+=12.0V, and VCM = 3.5 V unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <500 1.0 25 mV
Input Offset Current 0.5 15 MA
Input Bias Current 3.5 7.5 HA
Input Resistance 5.0 20 k2
Differential Voltage Gain Ry = 100 kQ 100 145 160
Differential Distortion RL = 100 k&2 80 300 mVp-p
Bandwidth 1.0 1.6 MHz
Single-Ended Output Resistance 70 500 Q
Output Voltage Swing R = 100 kQ 5.0 8.0 Vp-p
Supply Current RL = 100 kQ 9.5 13 mA
Power Consumption RL =100 kQ 114 156 mW
The following specifications apply for —565°C < Tp < 126°C:
Input Offset Voltage Rs < 509 35 mV
Tp=+125"C 0.2 1.5 LA
Input Offset Current Ta- T55°C 1.0 3.0 A
Input Bias Current Tp=-55C 6.5 15 LA
Input Resistance 0.9 kQ
Input Voltage Range 3.5 5.2 v
Rg <50Q
Common Mode Rejection Ratio f<1.0kHz, 70 85 dB
+3.5V < Vg < +6.2V
Differential Voltage Gain R > 100 kQ 90 175
Common Mode Output Voltage 5.5 7.0 7.7 \Y
Output Resistance 600 Q
Output Voltage Swing 4.5 6.8 Vp-p
s Ta=-55°C 10 15 mA
upply Current Ta=125°C 8.0 1 mA
Power Consumption Ta® _55: c 120 180 mw
Ta=125"C 96 121 mW
TYPICAL PERFORMANCE CURVES FOR 730
INPUT OFFSET CURRENT INPUT OFFSET CURRENT INPUT BIAS CURRENT
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE SUPPLY VOLTAGE AMBIENT TEMPERATURE
20 v+a2y v Tyr25°¢ ° vtsiay
<16 <08 80
£ & *
g2 £oe Z 5 60|
& [N 5 3
Eas N 2 %oc ,//’ gm \\\\
204 S~ ~] ; 0.2 =20 ™ —~c
0 0 © o .
-60 -20 20 60 100 140 50 70 9.0 T 13 15 -60 -20 20 60 100 140

TEMPERATURE -*C

SUPPLY VOLTAGE-V

TEMPERATURE -*C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e uA730

730C

ELECTRICAL CHARACTERISTICS (TA =25°C, V+=12.0V, and Vem = 3.5 V unless otherwise specified)

TEMPERATURE—*C

SUPPLY VOLTAGE—V

PARAMETER CONDITIONS MIN, TYP. MAX. UNITS
Input Offset Voltage Rg <509 2.0 5.0 mV
Input Offset Current 0.7 3.0 HA
Input Bias Current 4.5 16.0 KA
Input Resistance ) 2.5 15 k&
Differential Voltage Gain RL = 100k 100 135 160
Differential Distortion R > 100 kQ 85 300 mVp-p
Bandwidth 1.0 1.5 MHz
Single-Ended Output Resistance - 70 500 Q
Output Voltage Swing Ry > 100 k2 5.0 8.0 Vp-p
Supply Current Ry > 100 k2 9.5 13 mA
Power Consumption R = 100k 114 156 mw
The following specifications apply for 0°C < Tp < +70°C
Input Offset Voltage Rg <50Q 7.5 mV
Tp =+70°C 0.5 3.0 uA
Input Offset Current s e 08 50 oA
Input Bias Current TA =0°C 5.0 20 MA
Input Resistance 1.8 kQ
" Input Voltage Range +3.6 +5.2
Rg < 500 '
Common Mode Rejection Ratio f<1.0kHz, 60 80 dB
+3.8V < Vg < +6.2v
Differential Voltage Gain RL > 100kQ 80 190
Common Mode Output Voltage 5.0 7.0 8.0 \"
Output Resistance 600 Q
Output Voltage Swing 4.5 7.5 Vp-p
S Tp=0°C 10 15 mA
upply Current Tp = +70°C 8.8 13 mA
Ta=0°C 120 180 mw
Power Consumption Ta-= +70°C 106 156 mw
TYPICAL PERFORMANCE CURVES FOR 730C
INPUT OFFSET CURRENT INPUT OFFSET CURRENT INPUT BIAS CURRENT
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE SUPPLY VOLTAGE "AMBIENT TEMPERATURE
20 vtazv 0 Tar 25 ° vtizy
El.s 'i”v /,/ F&O
% 12 %as ] va § 60
oo gu hd ) -
o s s s A g TP
g — g 4 2
T o4 =02 20
0 0 [
0 10 2 30 4 S0 60 10 5.0 720 90 n B 15 0O 1 2 30 4 50 6 70

TEMPERATURE—-"C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e uA730

TYPICAL PERFORMANCE CURVES FOR 730
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e uA730

DIFFERENTIAL VOLTAGE GAIN

OUTPUT VOLTAGE SWING — Vpp
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TYPICAL PERFORMANCE CURVES FOR 730C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e unA730

COMMON MODE REJECTION RATIO-d8B

' TYPICAL PERFORMANCE CVURVES FOR 730 AND 730C
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RATIO AS A FUNCTION OF
AMBIENT TEMPERATURE
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pA740

FET INPUT OPERATIONAL AMPLIFIER |

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The pA740 is a high performance monolithic FET-Input Operational
Amplifier constructed using the Fairchild Planar* epitaxial process. It is intended for a wide range of
analog applications where very high input impedance is required and features very low input offset
current and very low input bias current. High sléw rate, high common mode voltage range and
absence of “latch up” make the uA740 ideal for use as a voltage follower. The high gain and wide
range of operating voltages provide superior performance in active filters, integrators, summing
amplifiers, sample and holds, transducer amplifiers, and other general feedback applications. The
1A740 is short circuit protected and has the same pin configuration as the popular uA741 operational
amplifier. No external components for frequency compensation are required as the internal 6 dB/
octave roll-off insures stability in closed loop applications.

HIGH INPUT IMPEDANCE ... 1,000,000 M

NO FREQUENCY COMPENSATION REQUIRED

SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY .

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES
NO LATCH uP

ABSOLUTE MAXIMUM RATINGS

CONNECTION DIAGRAM

8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 58

OFFSET NULL (]

J - ’ ()output

NON"NVETJ;3$ Q () OFFSET NULL

INVERTING
INPUT

Supply Voltage +92v NOTE: Pin 4 Connected to Case.
Internal Power Dissipation (Note 1) 500 mW
Differential Input Voltage 30V
Input Voltage (Note 2) t15v
Voltage between Offset Null and V+ 0.5V
Storage Temperature Range —65°C to +150°C ORDER INFORMATION
L TYPE PART NO.
Operating Temperature Range 740 740 HM
Military (740) —-55°C to +125°C 740C 240 HC
Commercial (740C) : 0°C to +70°C
Lead Temperature (Soldering, 60 seconds) 300°C
Output Short-Circuit Duration (Note 3} Indefinite
EQUIVALENT CIRCUIT 709 v+
1R|: ;809 OFFSET ?n? ?I? ?k’ 8 3639 ?E o
OFFSET 1 NULL
NULL 5
o, A - 020/‘ Q2 A '\073 I:Q
1 31
j,.__. .__K Qg _‘\q
s Qg :; g;;f: i/‘ Qzp :: R725
INVERTING 20_6[ Q-,’——-Ic_os 2 l 3%
INPUT % NON- $—0 OUTPUT
D b D INVERTING Qzg ] 6
) INPU [ P 4
7.5k 50 2 S Ry > Rag
m 2] pdp Y f g
K ' Qg3
Q3 »
—Kou .___Eozn '\034
Q5
Q
16 °2s> , .
> > >
St w3 m Ok | Hiw

Notes on following pages.

*Planar is a patented Fairchild process,




FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA740

740

ELECTRICAL CHARACTERISTICS (Vg = £15V, T¢ = 259C unless otherwise specified)

PARAMETER CONDITIONS MIN, TYP. MAX. UNITS
Input Offset Voltage Rg <100k 10 20 mV
Input Offset Current [Note 4] 40 150 pA
Input Current (either input) [Note 4] 100 200 pA
Input Resistance 1,000,000 MQ
Large Signal Voltage Gain RL =>2k%, Vour = 10V 50,000 1,000,000
Output Resistance 75 Q
Output Short-Circuit Current 20 mA
Common Mode Rejection Ratio 64 80 dB
Supply Voltage Rejection Ratio 70 300 pVvIV
Supply Current 4.2 5.2 mA
Power Consumption 126 156 mw
Slew Rate 6.0 V/us
Unity Gain Bandwidth 3.0 MHz
Iﬂi?:;egggisponse et cL <100pF, R = 2k, Vi = 100mV us s
The following specifications apply for Tg = —55°C to +85°C:
Input Voltage Range +10 +12 Y
Large Signal Voltage Gain 25,000
Output Voltage Swing R >10kQ _i12 £14 v
RL =2k *10 +13 Y
Input Offset Voitage Rg < 100kQ 15 30 mV
Input Offset Current Ta = —85°C 30 pA
Ta = +85°C 185 pA
o Tp =— 55°C 200 pA
Input Current (either input) T = 785°C 5 20 A

VOLTAGE OFFSET
NULL CIRCUIT

TRANSIENT RESPONSE
TEST CIRCUIT

Vour

—
1
o
£
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA740

740C

ELECTRICAL CHARACTERISTICS (Vg = 15V, T = 269C unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP, MAX, UNITS
Input Offset Voltage Rg <100k 30 110 mV
Input Offset Current (Note 4) 60 300 pPA
Input Current (either input) [Note 4] 0.1 2.0 nA
Input Resistance ’ 1,000,000 MQ
Large Signal Voltage Gain Ry =>2kQ2, Vourt = 10V 20,000 1,000,000
Output Resistance 75 Q
Output Short-Circuit Current 20 mA
Supply Current 4.2 8.0 mA
Power Consumption 126 240 mwW
Slew Rate 6.0 V/us
Unity Gain Bandwidth 1.0 MHz
i Risetime 300 ns
;rdi?ts;leg:iﬁ{jsponse Overshoot CLS1008F, Ry =2k, Vi = 100mV 10 %
The following specifications apply for 00C <Tp S<+70°C:
Input Volitage Range +10 +12 v
Common Mode Rejection Ratio 55 80 dB
Supply Voltage Rejection Ratio 70 500 uVv/v
Large Signal Voltage Gain 500,000
Output Voltage Swing R 2> 10ka 12 14 v
R 2>2kQ *10 +13 \Y
input Offset Voltage 30 mV
Input Offset Current 60 pA
Input Current (either input) 11 10 nA

NOTES:

1. Rating applies for ambient temperature to +70°C; derate linearly at 6.3 mW/9C for ambient temperatures above +70°C.
2. For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°9C ambient temperature.
4. Typically doubles for every 10°C increase in ambient temperature,
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA740

INPUT BIAS CURRENT — nA

QUTPUT VOLTAGE ~ V

QUTPUT VOLTAGE — V

TYPICAL PERFORMANCE CURVES FOR 740 AND 740C

INPUT BIAS CURRENT AS A
FUNCTION OF AMBIENT
TEMPERATURE

T
Vg =16V
35T, =25°C

-7 -50 -25 0 25 50 7 100
Ta — AMBIENT TEMPERATURE — °C

OUTPUT VOLTAGE SWING AS A
FUNCTION OF FREQUENCY

® 'vs L 6y
=4
3% Ta = 25°C ]
32
28
24 -\\
20
16
12
s N
4 \\
100 Tk 10k 100k ™

f —~ FREQUENCY — Hz

VOLTAGE FOLLOWER LARGE
SIGNAL PULSE RESPONSE

+10 T T
Vg =215V

+8 Ta= 25°C —
+6
+4 /
+2
QUTPUT \
° - -

L NPT~ el Ve

TIME — pss

OPEN LOOP VOLTAGE GAIN
AS7 A FUNCTION OF FREQUENCY
10

1
Vg =15V

N Ta = 25°C_|

10° \\
Z e N
Z 10 \
o
w
@ 10? BN
5
S 102 \

10

1

1 10 100 1k 10k 100k ™ 10M
f — FREQUENCY — Hz

INPUT NOISE VOLTAGE AS A
FUNCTION OF FREQUENCY

12
° ALy
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N N
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1
g
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'g N
>
w
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g
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E4
g
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OPEN LOOP PHASE RESPONSE
AS A FUNCTION OF FREQUENCY
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uA741
FREQUENCY-COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA741 is a high performance monolithic Operational Amplifier

constructed using the Fairchild Planar* epitaxial process. It is intended for a wide range of analog CONNECTION DIAGRAMS

applications. High common mode voltage range and absence of ‘“latch-up” tendencies make the 8-LEAD METAL CAN
#A741 ideal for use as a voltage follower. The high gain and wide range of operating voltage provides (TOP VIEW)
superior performance in integrator, summing amplifier, and general feedback applications. PACKAGE OUTLINE 5B
NC
. o1
e NO FREQUENCY COMPENSATION REQUIRED orrset "““V'
e SHORT CIRCUIT PROTECTION INVERTING INPUT °'I> P ourPuT
e OFFSET VOLTAGE NULL CAPABILITY o INVERLDS orrsu L
e LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES Noi . V-
e LOWPOWER CONSUMPTION ote: Pin 4 connected to case
e NO LATCH UP ORDER INFORMATION
TYPE PART NO.
ABSOLUTE MAXIMUM RATINGS 741 741HM
Supply Voltage 741C 741HC
Mititary (741) +22V
Commercial (741C) 18V 14-LEAD DIP
Internal Power Dissipation (Note 1) (TOP VIEW)
Metal Can 500 mW PACKAGE OUTLINE 6A
DIP 670 mW vel
Mini DIP 310 mW orrs:mzfl.j
Flatpak 570 mW nverT ineut ]

Differential Input Voltage +30 V """"".:S’J!
V-| 6
Input Voltage (Note 2) +16 V e
Storage Temperature Range
Metal Can, DIP, and Flatpak —6500 to +1 SOOC ORDER INFORMATION
Operz::ting Temperature Range . . 741 741DM
Commercial (741C) 0°C to +70°C
Lead Temperature (Soldering) 10-LEAD FLATPAK
Metal Can, DIP, and Flatpak {60 seconds) 300°C (TOP VIEW)
Mini DIP (10 seconds) 260°C PACKAGE OUTLINE 3F
Output Short Circuit Duration (Note 3) Indefinite ve —Te ¥ e—T
OFFSET NULL ]2 sf—ne
INVERTING mvurlzzzb_‘::lv«
EQU'VALENT CIRCUIT NONINVERIING 4 :ggx:g
ov v P NULL
Qg —@q Q12 Q3
1/ ORDER INFORMATION
NON-INVET'I'I’I‘\JJ? _I_ G TYPE PART NO.
o j}l—o o e - 741 741FM
e K g
o} s, 18 %e 8-LEAD MINIDIP
<Ry W [ outpur (TOP VIEW)
ke Rg 7.5 k2 ° PACKAGE OUTLINE 9T
INQns ¢ OFFSET NULL NC
Y b_KO” :,Rto ”::;:‘Y"I:SEEE ;;wm
Q5 Qg Q10 Oy °zz>, > 5092 v- o
OFFSET NULL | OFFSET NULL
" L. a0 ORDER INFORMATION
e 3% a Soia $an TYPE PART NO.
—ov- 741C 741TC
Notes on following pages. - *Planar is a patented Fairchild process.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA741
741
ELECTRIGAL CHARACTERISTICS (Vg =15 V, Tp = 25°C unless otherwise specified)
PARAMETERS (see definitions) CONDITIONS MIN. TYP, MAX. UNITS
Input Offset Voltage Rg <10 kQ 1.0 5.0 mV
input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2.0 M
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range +15 mvVv
Large Signal Voltage Gain RL > 2k, VoyT =10V 50,000 200,000
.Output Resistance 75 Q
Output Short Circuit Current 25 mA
Supply Current 1.7 2.8 mA
Power Consumption 50 85 mw
Transient Response Lo
Risetime 0.3 us
(Unity Gain) VIN =20 mV, Ry =2 k&,C <100 pF
v Overshoot IN L L 5.0 %
Slew Rate RL>2kQ 0.5 V/us
The following specifications apply for —65°C < Ta < +125°C:
Input Offset Voltage Rg < 10kQ 1.0 6.0 mV
Ta=+125°C 7.0 200 nA
Input Offset Current 5
Tp=-55°C 85 500 nA
. Ta=+125°C 0.03 0.5 KA
Input Bias Current =
Tao=-55C 0.3 1.5 uA
Input Voltage Range +12 +13 \
Common Mode Rejection Ratio Rg <10 kQ 70 90 dB
Supply Voltage Rejection Ratio Rg < 10 k2 30 150 uVv/v
Large Signal Voltage Gain RL>2kQ,VoyT =10V 25,000
) R > 10 k& +12 +14 \
Output Voltage Swing
RL>2kQ +10 +13 \
Ta=+125C 1.5 25 mA
Supply Current S
Tao=-565C 2.0 3.3 mA
. Ta=+125°C 45 75 mwW
Power Consumption =
TAo=-565C 60 100 mw

OPEN LOOP VOLTAGE GAIN

AS A FUNCTION OF

TYPICAL PERFORMANCE CURVES FOR 741

OUTPUT VOLTAGE SWING
AS A FUNCTION OF

SUPPLY VOLTAGE SUPPLY VOLTAGE
© :
” - B ST, N
110 *l Ro%n
L1 o > 2 /
o 15 g
z A 2 pd
g w — 5 v
g // 8™ -
g ® 7 g
/
® 3 2 -
E s
& V-
4
0
0 4 8 12 16 2 5 10 15

SUPPLY VOLTAGE-tV

SUPPLY VOLTAGE - +V

INPUT COMMON MODE
VOLTAGE RANGE AS A

FUNCTION OF SUPPLY VOLTAGE
i

COMMON MODE VOLTAGE RANGE - +V

6
-ss'csrﬂ's +125C

/

5 10 15

SUPPLY VOLTAGE » £V
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA741
741C
ELECTRICAL CHARACTERISTICS (Vg =15 V, Ta = 25°C unless otherwise specified)
PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 10 kQ2 2.0 6.0 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2.0 MQ
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range +156 mV
Input Voltage Range +12 +13 \%
Common Mode Rejection Ratio Rg <10 kQ 70 90 dB
Supply Voltage Rejection Ratio Rs < 10 kQ2 30 150 uVv/v
Large Signal Voltage Gain R >2kQ,Voytr =10V 20,000 200,000
Output Voltage Swing R > 10 ka *12 14 v
RL=2k& +10 13 \%

Output Resistance 75 Q
Output Short Circuit Current 25 mA
Supply Current 1.7 28 mA
Power Consumption 50 85 mW
Trar:nsient Besponse Risetime 0.3 us
(Unity Gain) VIN=20mV, Ry = 2 k2, CL < 100 pF

Overshoot 5.0 %
Slew Rate R =2k 0.5 V/us

The following specifications apply for 0°C < Tp < +70°C:

input Offset Voltage 7.5 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain Ry =22k, Voyt =210V 15,000
Output Voltage Swing RL =2k +10 +13 \Y

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
SUPPLY VOLTAGE

L
TA'ZS (4

/|

VOLTAGE GAIN - dB

70

0 2 4 6 8 o 12 14 6 B 20

SUPPLY VOLTAGE -+Vv

NOTES:

TYPICAL PERFORMANCE CURVES FOR 741C

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
SUPPLY VOLTAGE

INPUT COMMON MODE
VOLTAGE RANGE AS A

32
28

24

PEAK-TO-PEAK OUTPUT SWING - V

T
0°CsTpSH0°C

RL>_ ke

5 10 15

SUPPLY VOLTAGE - +V

FUNCTION OF SUPPLY VOLTAGE
!

6
()"CSTAS\‘W’C

/

COMMON MODE VOLTAGE RANGE - +V
o

15

SUPPLY VOLTAGE - £V

1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for the Metal Can, 8.3 mw/°C for

the DIP, 5.6 mW/°C for the Mini DIP and 7.1 mW/°C for the Flatpak.
2. For supply voltages less than £15 V, the absolute maximum input voltage is equal to the supply voltage
3. Short circuit may be to ground or either supply. Rating applies to +125 C case temperature or 76° C ambient temperature.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA741

INPUT BIAS CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

INPUT RESISTANCE
AS A FUNCTION OF
AMBIENT TEMPERATURE

TYPICAL PERFORMANCE CURVES FOR 741

OUTPUT SHORT-CIRCUIT CURRENT
AS A FUNCTION OF
S AMBIENT TEMPERATURE

TEMPERATURE -°C

POWER CONSUMPTION
AS A FUNCTION OF
AMBIENT TEMPERATURE
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AS A FUNCTION OF
AMBIENT TEMPERATURE
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA741

POWER CONSUMPTION - mW

INPUT OFFSET CURRENT - nA

MEAN SQUARE VOLTAGE - vimz

TYPICAL PERFORMANCE CURVES FOR 741 AND 741C (Cont'd)

POWER CONSUMPTION
AS A FUNCTION OF
SUPPLY VOLTAGE
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FAIRCHILD

LINEAR INTEGRATED CIRCUITS * uA741

ouTAUT - mv

TRANSIENT RESPONSE

vg v _|
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4 5 1.0 1.5 2.0 2,5

TIME - 55
FREQUENCY CHARACTERISTICS
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TYPICAL APPLICATIONS

UNITY-GAIN VOLTAGE FOLLOWER

3 uA741 8
o+
INPUT

QUTPUT

NON-INVERTING AMPLIFIER

Ry

ouTPUT
INPUT  RyR; -
Rq+Ry

RiN = 400 M2 GAIN R1 Ro B.W. RIN
Cin=1pF 10 1k 9 k2 100 kHz 400 MQ
RouT<<18Q 100 100 @ 9.9 k2 10 kHz 280 M
B.W. =1 MHz 1000 100 99.9 k&2 1 kHz 80 MY
INVERTING AMPLIFIER CLIPPING AMPLIFIER
2 Ra Di 11
INPUT Ry ;A74| VWA
+ ouTPUT . 2 Ry
= RR:QRRZZ’ e " 3 EA74' OUTPUT
-[_ R1R2
T Ry
GAIN R1q Ro B.W. RIN
1 10 kQ 10 kQ 1 MHz 10 kQ Eout R2
10 1k 10k 100 kHz 1k =—if |EQuT | S VZ+0.7V
100 1kQ 100 k2 10 kHz 1kQ EiIN R
1000 100 100 kQ 1 kHz 100 © where Vz = Zener breakdown voltage
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA741

SIMPLE INTEGRATOR

TYPICAL APPLICATIONS (Cont'd)

SIMPLE DIFFERENTIATOR

Voltage Gain = 10°

Input Offset Voltage Drift = 0.6 uV/°C
Input Offset Current Drift = 2.0 pA/°C

T 1101 O14F
5V ' T 25‘.v !
1 AMA- Mz.sv 3 iz;_v
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Ry 10kQ aze) o fi 208 CrO1E L e} ]
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g®a 330kR
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[ WA 8 ——o0
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UA741A « pA741E

FREQUENCY COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The pA741A and E are high performance monolithic Operational
Amplifiers constructed using the Fairchild Planar* epitaxigl process. They are intended for a wide
range of analog applications. High common mode voltage range and absence of ““latch-up’’ tendencies
make the uA741A and E ideal for use as voltage followers. The high gain and wide range of
operating voitage provides superior performance in integrator, summing amplifier, and general feed-
back applications. Electrical characteristics are identical to MIL-M-38510/10101.

NO FREQUENCY COMPENSATION REQUIRED

SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES

" LOWPOWER CONSUMPTION

NO LATCH uP
ABSOLUTE MAXIMUM RATINGS
Supply Voltage 122V
Internal Power Dissipation (Note 1)
Metal Can 500 MW
DIP 670mW
Flatpak 570mwW
Differential Input Voltage +30V
Input Voltage {Note 2) 15V

Storage Temperature Range —65°C to +150°C
Operating Temperature Range
Military (741A) —55°C to +125°C
Commercial (741E) 0°¢ to +70°C

Lead Temperature (Soldering, 60 seconds) 300°C

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)

PACKAGE OUTLINE 5B

(o]

O
ofFsET NULLV~
INVERTING INPUT oa} Q) ouTPUT
NON INVEREING oirsu NuLL

ORDER INFORMATION

TYPE PART NO.
741A 741AHM
741EC 741EHC

Output Short Circuit Duration (Note 3) Indefinite
EQUIVALENT CIRCUIT
O INV. INPUT
l) O+Vce
OI/' '\09 012
NON-INV., o S
Q 2 < R
INPUT 1 .;4‘5”(9
2 QUTPUT
Q3 2]
N
(I J_C1
‘l':mps
a; 3009 J o
\AA é
as —|<06
~
OFFSET alo Qq Q23 -
Nl © f A R . -
> S SHg SRt
W3 mag  Iwe a wal  Lion o2 3500
5k 1 W
&—O-Vce

OFFSET
NULL

14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 6A

ORDER INFORMATION

TYPE PART NO.
741A 741ADM
741EC 741EDC

10-LEAD FLATPAK
(TOP VIEW)

PACKAGE OUTLINE 3F

Ne C—Tie
OFFSET NULL (C——]
INVERTING INPUT ]
NON INVERTING
INPUY
v

NC

NC
v+
——Jouteut

OFFSET
380

>

O3PS
o |vo o 3

ORDER INFORMATION

TYPE PART NO.
741A 741AFM

Notes on following pages.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « tA741A « tA741E

741A
ELECTRICAL CHARACTERISTICS (Vg = +15V, Tp = 25°C uniess otherwise specified)
PARAMETERS (see definitions) CONDITIONS MIN., TYP. MAX. UNITS
Input Offset Voltage Rg <500 0.8 3.0 mV
Average Input Offset Voltage Drift 15 uv/eC
Input Offset Current 3.0 30 nA
Average Input Offset Current Drift 0.5 nA/°C
Input Bias Current 30 80 nA
Power Supply Rejection Ratio Vg =+10, —20; Vg = +20, —10V, Rg = 50 15 50 uV/Vv
OQutput Short Circuit Current 10 25 35 mA
Power Dissipation Vg =+20V 80 150 mw
Input Impedance Vg =+20V 1.0 6.0 MQ
Large Signal Voltage Gain Vg =120V, R =2kQ, VoyT =+15V 50 V/mV
Transient Response Rise Time 0.25 0.8 us
{Unity Gain) Overshoot 6.0 20 %
Bandwidth (Note 4) ’ 437 15 MHz
Slew Rate (Unity Gain) ViN = 210V 0.3 0.7 V/us
The following specifications apply for —656°C < T < +125°C

Input Offset Voltage 4.0 mV
Input Offset Current 70 nA
Input Bias Current 210 nA
Common Mode Rejection Ratio Vg =120V, V|N = 16V, Rg = 5082 80 95 dB
Adjustment For Input Offset Voltage Vg =20V : 10 mV
Output Short Circuit Current 10 40 mA

—55°C 165 mw
Power Dissipation Vg =+20V >

+125°C 135 mw
Input Impedance Vg =120V 0.5 MQ

R =10k 16 \%
Output Voltage Swing Vg = %20V,

RL = 2kQ +15 \%
Large Signal Voltage Gain Vg = +20V, R = 2kQ, VoyT = +15V 32 VimV

Vg =5V, R =2kQ,Voyr=+2V 10 V/imV

NOTES
1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6 3mW/°C for the Metal Can, 8.3mW/°C for
the DIP and 7.1mW/° C for the Flatpak.
2. For supply voltages less than *15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit may be to ground or either supply. Rating applies to +125°C case temperature or 75°C ambient temperature
0.35

4. Calculated value from: BW(MHz) = ——
Rise Time (us)
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA741A « uA741E

741E

ELECTRICAL CHARACTERISTICS (Vg = 15V, T = 25°C unless otherwise specified)

PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 50Q 0.8 3.0 mV
Average Input Offset Voltage Drift 15 uV/eC
Input Offset Current 3.0 30 nA
Average Input Offset Current Drift 0.5 nA/°C
Input Bias Current 30 80 nA
Power Supply Rejection Ratio Vg =+10, —-20; Vg = +20, —10V, Rg = 502 15 50 wV/V
Output Short Circuit Current 10 25 35 mA
Power Dissipation Vg =20V 80 150 mwW
input Impedance Vg = +20V 1.0 6.0 MQ
Large Signal Voltage Gain Vg =20V, R = 2k, VoyT = 15V 50 V/imV
Transient Response Rise Time 0.25 0.8 us
(Unity Gain) Overshoot 6.0 20 %
Bandwidth (Note 4) A37 15 MHz
Slew Rate (Unity Gain) VIN = 210V 0.3 0.7 V/us
The following specifications apply for 0°C < Ta < 70°C
Input Offset Voltage 4.0 mV
Input Offset Current 70 nA
Input Bias Current 210 nA
Common Mode Rejection Ratio Vg =120V, VN = £16V, Rg = 500 80 95 dB
Adjustment For Input Offset Voitage Vg = +20V 10 mV
Output Short Circuit Current 10 40 mA
Power Dissipation Vg = £+20V 150 mW
Input Impedance Vg =20V 0.5 MQ
RL =10k +16 v
Output Voltage Swing Vg =120V,
RL = 2k 15 v

Vg =+20V, R = 2kQ, VoyuT = £15V 32 V/imV
Large Signal Voltage Gain

Vg =15V, R =2kQ, VouT =#2V 10 VimV

VOLTAGE OFFSET
NULL CIRCUIT

TRANSIENT RESPONSE
TEST CIRCUIT

VouT
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA741A « tA741E

POWER CONSUMPTION

TYPICAL PERFORMANCE CURVES FOR 741A AND 741E
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA741A « uA741E

INPUT BIAS CURRENT — nA
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WA747

DUAL FREQUENCY COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA747 is a pair of high performance monolithic Operational
Amplifiers constructed using the Fairchild Planar* epitaxial process. They are intended for a wide
range of analog applications where board space or weight are important. High common mode voltage
range and absence of ‘‘latch-up’” make the uA747 ideal for use as a voltage follower. The high gain
and wide range of operating voltage provides superior performance in integrator, summing amplifier,
and general feedback applications. The uA747 is short-circuit protected and requires no external
components for frequency compensation. The internal 6 dB/octave roli-off insures stability in closed
loop applications. For single amplifier performance, see uA741 data sheet.

NO FREQUENCY COMPENSATION REQUIRED

SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH UP

ABSOLUTE MAXIMUM RATINGS
Supply Voltage

Military (747) 122V

Commercial (747C) +18 V
Internal Power Dissipation (Note 1)

Metal Can 500 mW

DiP 670 mw
Differential Input Voltage 30 V
Input Voltage (Note 2) ’ +15 V
Voltage between Offset Nyll and V_ 0.5V
Storage Temperature Range ‘ —65°C to +150°C
Operating Temperature Range

Military (747) —55° C to +125°C

Commercial (747C) 0°C to 70°C
Lead Temperature (Soldering, 60 seconds) 300°C
Qutput Short-Circuit Duration (Note 3) tndefinite

EQUIVALENT CIRCUIT (Each Side)

v+
°}:~——rﬂo °b—<‘o
NON-INVERTING l 7 JQ!4
INPUT AR
Q Q2 30pF VWA~ Q5 |
! INVERT- 4.5k |
ING INPUT > Ry
03 Q18 3250

A Neos Rg s
L }——0 OUTPUT

K6
Q Y
1 $R1o
5 : Qo 0 Q22 500
OFFSET NULL OFFSET
Q
20
Ry $R12 3Ry
5k 50kQ 3500

CONNECTION DIAGRAMS
14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 7A

NV OFFSET
puT A = 14 13 NuLLa
NON-INV
INPUT A B 1B V+A
OFFSET 1 OUTPUT A
s = 3 D 12
NO

V-4 11 B3 coNNECT
OFFSET 1 ouTPUTB
T I b 10
NON-INV
iNPUTB =6 il

INV OFFSET
nput B {7 8 nuLL s

ORDER INFORMAT!ON

TYPE PART NO.
747 747DM
747C 747DC

10-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5F

INVERTING ¢y 3

7 INVERTING
INPUT A 0

INPUT B

J Non-iINvERTING
INPUT B

NON-INVERTING J
INPUT A

ORDER INFORMATION

TYPE PART NO.
747 747HM
747C 747HC

Notes on following pages.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ unA747

ELECTRICAL CHARACTERISTICS FOR 747 — Each Amplifier (Vg = 156 V, Tp = 25°C unless otherwise specified)

PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10 kQ 1.0 5.0 mV
Input Offset Current . 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2.0 MQ
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range 15 mV
Large Signal Voltage Gain R =2 kQ,Voyt =*10V 50,000 200,000 V/V
Output Resistance ) 75 Q
Qutput Short-Circuit Current 25 mA
Supply Current 1.7 28 mA
Power Consumption . 50 85 mwW
Transient Response | Risetime VIN=20mV, R =2k&, 0.3 us
(Unity Gain) Overshoot CL. <100 pF 5.0 %
Slew Rate R >2kQ 0.5 V/us
Channel Separation 120 dB
The following specifications apply for —55°C < Tp < +125°C.
Input Offset Voltage Rg <10kQ 1.0 6.0 mV
— o
Input Offset Current TA=+125C 70 200 _nA
v Tp=—55°C 85 500 nA
= +125° 0.03 05 A
Input Bias Current TA 22 c a
Tao=—55C 0.3 15 LA
Input Voltage Range +12 +13 \%
Common Mode Rejection Ratio Rg <10 k2 70 90 dB
Supply Voltage Rejection Ratio Rg <10 kQ 30 150 uV/V
Large Signal Voltage Gain Ry =22kQ,VoyT =10V 25,000 VIV
>10 k +12 14 \%
Output Voltage Swing R >10ka
R >2 kQ 10 +13 \)
Supply C . Ta =+125°C 1.5 25 mA
rren
upply turr Ta=—55°C 2.0 3.3 mA
Tp = +125°C 45 5 mW
Power Consumption Ta=-55°C 60 100 mwW
TYPICAL PERFORMANCE CURVES (Each Amplifier) FOR 747 AND 747C
OPEN LOOP VOLTAGE GAIN OUTPUT VOLTAGE SWING INPUT COMMON MODE
AS A FUNCTION OF AS A FUNCTION OF VOLTAGE RANGE AS A
SUPPLY VOLTAGE SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE
® :: -55%C sT;s+l25°C e '55‘C$TAI"+125'C
To p—Ta" 3¢ R 20 u
1 % % -~ L 2
105 " E g
; P pd S /]
3" e E / = /
2 / 3 g 8 v4
B V E 16 g /|
2 g 6
@ 2 g /
H R A
¥ 8 g
85 ‘ 2
80 0 0
0 2 4 6 8 I 12 14 16 B 20 5 10 15 .20 5 10 15
SUPPLY VOLTAGE-tV SUPPLY VOLTAGE -+ V SUPPLY VOLTAGE - +V
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA747

ELECTRICAL CHARACTERISTICS FOR 747C — Each Amplifier (Vg = £15 V, Tp = 25°C unless otherwise specified)

PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10 kQ ) 1.0 6.0 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2.0 MQ
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range +15 mV
Large-Signal Voltage Gain RL 22 kQ, VoyT =10V 25,000 200,000 VIV
Output Resistance 75 Q
Output Short-Circuit Current 25 mA
Supply Current 1.7 2.8 mA
Power Consumption 50 85 mW
Transient Response Risetime VIN=20mV, R =2kQ, 0.3 us
(Unity Gain) Overshoot C <100 pF 5.0 %
Slew Rate RL >2kQ ) 0.5 V/us
Channel Separation 120 dB

The following specifications apply for 0°C < Tp < +70°C.

Input Offset Voltage Rg < 10kQ 1.0 7.5 mV
Input Offset Current 7.0 300 nA
Input Bias Current 0.03 0.8 ! BA
Input Voltage Range +12 +13 \
Common Mode Rejection Ratio Rg <10kQ 70 90 dB
Supply Voltage Rejection Ratio Rg <10 kQ 30 150 uVv/v
Large Signal Voltage Gain R >2kQ,VouT =10V 15,000 A%

Ry =>10kQ 12 +14 \%
Output Voltage Swing RL >2 kQ +10 13 ] V]
Supply Current 2.0 3.3 mA
Power Consumption 60 . 100 mwW
NOTES

1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for the Metal Can and 8.3 mW/°C
for the DIP.

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

3. Short circuit may be to ground or either supply. Military rating applies to +125°C case temperature or +60°C ambient temperature for
each side.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA747

POWER CONSUMPTION

TYPICAL PERFORMANCE CURVES (Each Amplifier) FOR 747 AND 747C
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SUPPLY VOLTAGE
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA747

TYPICAL PERFORMANCE CURVES (Each Amplifier) FOR 747 AND 747C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA747

TYPICAL APPLICATIONS

QUADRATURE OSCILLATOR

ANALOG MULTIPLIER
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA747

TYPICAL APPLICATIONS

UNITY-GAIN VOLTAGE FOLLOWER

INPUT O

RiN = 400 MS

Cin=1pF

Royt<<1Q
BW =1MHz

b OUTPUT

NON-INVERTING AMPLIFIER

R2

AAA

VWA

Ry
-_L vAvv -
- % pA747 ——O OUTPUT
INPUT O—’\/\/V—T N
R1Rg
R+ Ry
GAIN R, R, B.W. Ry
10 1 kQ 9 kQ | 100 kHz | 400 MQ
100 100 @ 9.9 k@ 10 kHz | 280 M2
1000 100 @ 99.9 k@ 1 kHz 80 MQ

R2

—AAA

INVERTING AMPLIFIER

\AdA

Rq

INPUT Q—AAA,
% uA747 b OUTPUT

-ET Rq Ry

’ Ry+ Ry

GAIN R, R, BW Ry

1 10 k@ 10 k@ 1 MHz 10 kQ
10 1 k@ 10 kQ 100 kHz 1 kQ
100 1 kQ 100 k@ 10 kHz 1kQ
1000 100 @ 100 k@ 1 kHz 100 @

WEIGHTED AVERAGING AMPLIFIER

Rq

EiN1 O——AAA
R2

EIN2°_—'NW'—"'

R3
ElN:;O—M/v—J

R¢
—EouTt = EIN1 ?
1

RflIR1IR2IIR3

b——o0 ouTPUT

R¢ R
+ EN2{— ] * EN3 {—
Ra R3

)
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HWA747A - yA747E

DUAL FREQUENCY COMPENSATED OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA747A and E are pairs of high performance monolithic
Operational Amplifiers constructed using the Fairchild Planar* epitaxial process. They are intended
for a wide range of analog applications where board space or weight are important. High common
mode voltage range and absence of “latch-up’ make the uA747A and E ideal for use as voltage
followers. The accuracy of long interval integrators, timers and sample and hold circuits is improved
due to the low drift and low bias currents. The uA747A and E are short-circuit protected and require
no external components for frequency compensation. The internal 6 dB/octave roli-off insures
stability in closed loop applications. Electrical characteristics are identical to MIL-M-38510/10102.

NO FREQUENCY COMPENSATION REQUIRED

SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

OFFSET VOLTAGE . . . 3.0mV MAX

OFFSET CURRENT. . . 30 nA MAX

o & o 0 0 0 o

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 22V
Internal Power Dissipation (Note 1)

Metal Can 500 mW

DIP 670 mW
Differential Input Voltage 30V
Input Voltage (Note 2) 156V
Voltage between Offset Null and V_ 05V
Storage Temperature Range —65°C to +150°C
Operating Temperature Range

Military (747A) —55°C to +125°C

Commercial (747E) 0°C to +70°C
Lead Temperature (Soldering, 60 seconds) 300°C
Output Short-Circuit Duration (Note 3) Indefinite

EQUIVALENT CIRCUIT (Each Side)

O INV INPUT

l‘](l' Q2 Q13

O+Vee

Q

8 9
rf LN Q14
1 b Q5
R
NON-INV. Q \ 6
Q1 2 Shs 1 279
INPUT S aoke
a2 4
a 8 QUTPUT
3 - ]\04 _l_ Q19 87
<t . R10 29

30pF Q1
50kS2
Q20
o7 332& ~—¢ f‘é!e 1\022
Qs

: L he

ajg Qyq Q23

il
L
Rag <Ry SR
Rig  R3g SR 23 3 a S oo
4 :
K2  50k0S :;‘kn Ra somw» S0 2 o sk
5k
. &—0O -Vce

OFFSET
NULL

CONNECTION DIAGRAMS
14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 7A

NV OFFSET
INPUT A NULL A
NON-INV

"
INPUT A ] vea
OFFSET
vorea  JoutPut A
V- j NO
CONNECT
OFFSET p
OFFSET (15 [ Jourruts
NON-INV VB
INPUT 8 u []
INV OFFSET
inPUT B NULL B

ORDER INFORMATION

TYPE PART NO.
747A 747 ADM
747E 747EDC

10-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5F

INVERTING
INPUT B

INVERTING
neuT A Q3

4 6

NON-INVERTING { )

{) NON-INVERTING
INPUT A INPUT 8

ORDER INFORMATION

TYPE PART NO.
747A 747 AHM
747E 747EHC

*Planar is a patented Fairchild Process.




FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA747A o uA747E

747A
ELECTRICAL CHARACTERISTICS 5 V < Vg < +20 V, Tp = 25°C unless otherwise specified)
PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <500 08 3.0 mV
Average Input Offset
Voltage Drift 15 uv/°C
Input Offset Current 3.0 30 nA
Average Input Offset
Current Drift 05 nA/°C
Input Bias Current 30 80 nA
Power Supply Rejection Ratio Vs =+10, ~20: Vg =20, ~10V 15 50 uv/iv
Rg =50 Q
Output Short Circuit Current 10 25 35 mA
Power Dissipation Vg =20V 80 150 mW
Input Impedance Vg =120V ) 1.0 6 MQ
Large Signal Voltage Gain Vs = +20V, R =2ka 50 V/mV
Vout =15V
Transient Response Rise Time 0.25 0.8 us
(Unity Gain) Overshoot 6.6 20 %
Bandwidth (Note 4) 0.437 15 MHz
Slew Rate (Unity Gain) ViN =210V 0.3 0.7 V/us
The following specifications apply for —55°C < Ta < +125°C
Input Offset Voltage 4.0 mV
input Offset Current 70 nA
Input Bias Current 210 nA
Common Mode Rejection Ratio Vs =20V, Vin = £18V 80 95 dB
Rg =50 Q
Adjustment for Input Offset Voltage Vg =120V 10 mV
Output Short Circuit Current 10 40 mA
Power Dissipation Vg =120V —5500C 165 mw
+125°C 135 mw
Input Impedance Vg =220V 05 M
Output Voltage Swing Vs =20V, RL=10ka 16 v
RL= 2kQ +15 \%
Large Signal Voltage Gain Vg=%20V, R =2kQ,Voyr =216V 32 VimVv
Vg=+ 5V,R =2kQ,VoyT=2* 2V 10 ’ V/mV
Channel Separation Vg =20V 100 dB

NOTES:

1. Rating applies to ambient temperatures uo to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for the Metal Can, 8.3 mw/°C for

the DIP.

2. For supply voitages less than £15 V, the absolute maximum input voltage is equal to the supply voltage.
3. Shortcircuit may be to ground or either supply. Rating applies to +125°C case temperature or 75°C ambient temperature.

4. Calculated value from: BW (MHz) =

0.35
RISETIME (us)
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA747A ¢ uA747E
747
ELECTRICAL CHARACTERISTICS (5 V < Vg < £20 V, Ta = 25°C unless otherwise specified)
PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <500 0.8 3.0 mV
Average Input Offset
Voltage Drift 15 uv/ec
Input Offset Current 3 30 nA
Average Input Offset
Current Drift 05 nA/°C
Input Bias Current 30 80 nA
Power Supply Rejection Ratio Vs =+10, —20; Vs =20, ~10V 15 50 wV/v
Rg =50 2
Qutput Short Circuit Current 10 25 35 mA
Power Dissipation Vg =220V 80 150 mw
Input Impedance Vg =+20V 1.0 6 M
Large Signal Voitage Gain Vg =#+20V,R| =2kQ,VouT =215V 50 V/imV
Transient Response Rise Time 0.25 0.8 us
(Unity Gain) Overshoot 6 20 %
Bandwidth (Note 4) 0.45 15 MHz
Slew Rate (Unity Gain) ViN =£10V 0.3 0.7 V/us
The following specifications apply for 0°C < Ta < 70°C
Input Offset Voltage 4.0 mV
Input Offset Current 70 nA
Input Bias Current 210 nA
Common Mode Rejection Ratio Vs =220V, VIN = £15 V 80 95 dB
Rg =50 Q
Adjustment for Input Offset Voltage Vg =20V 10 mV
Qutput Short Circuit Current 10 40 mA
Power Dissipation Vg =20V 165 mwW
Input Impedance Vg =320V 0.5 Ma
Qutput Voltage Swing Vs =220V, R =10k 16 v
RL= 2kQ £15 \%
Large Signal Voltage Gain Vs =20V, R =2k Voyr = *15 V 32 Vimv
Vg=% 5V,RL=2kQ, VouT=2 2V 10 V/mV
Channel Separation Vg =20V 100 dB

VOLTAGE OFFSET
NULL CIRCUIT

TRANSIENT RESPONSE
TEST CIRCUIT

Vout

R
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FAIRCHILD LINEAR INTEGRATED CIRCUITS » uA747A « uA747E

INPUT BIAS CURRENT — nA

INPUT OFFSET CURRENT — nA

INPUT BIAS CURRENT - nA

POWER CONSUMPTION — mW

INPUT BIAS CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

200

T T
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150

100

-60 -20 20 60 100 140
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INPUT OFFSET CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

Vg =*15V

0
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AS A FUNCTION OF
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OUTPUT SHORT-CIRCUIT CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

3

30 \\
€ N

I \

=4 1
H \\
€ 2 <
3 NG
2
5 N
g 2 AN
5
& AN N
o
I
5 15

10

60 20 20 0 700 740

TEMPERATURE —°C

FREQUENCY CHARACTERISTICS
AS A FUNCTION OF
AMBIENT TEMPERATURE

1.4 T T
Vg = 15V
12 <
S
w <55
2 ~ “s\“\
£ ™~ T |
A — SLEW RATE
H T
< LA 25
& // &3 o
7,
08 O~
00
60 20 20 60 100 140

TEMPERATURE — °C

TYPICAL PERFORMANCE CURVES FOR 747E
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AS A FUNCTION OF
AMBIENT TEMPERATURE
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA747A « uA747E

POWER CONSUMPTION — mW

PEAK-TO-PEAK QUTPUT SWING — V INPUT OFFSET CURRENT — nA

MEAN SQUARE VOLTAGE — V2iHz

TYPICAL PERFORMANCE CURVES FOR 747A AND 747E

POWER CONSUMPTION OPEN LOOP VOLTAGE GAIN OPEN LOOP PHASE RESPONSE
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
SUPPLY VOLTAGE FREQUENCY FREQUENCY
100 108 0
e TR

80
-a5
/ 104

60 103 \
A,

N
2 /// ’ ‘\\ -
d ' \

PHASE — DEGREES
|
©
S

8
VOLTAGE GAIN
3
X

0 101 ~180
5 10 15 20 110 100 1k 10k 100k 1M 10M T 10 100 1k 10k 100k 1M 10M
SUPPLY VOLTAGE — £V FREQUENCY - Hz FREQUENCY - Hz
INPUT OFFSET CURRENT INPUT RESISTANCE AND OUTPUT RESISTANCE
AS A FUNCTION OF INPUT CAPACITANCE AS A AS A FUNCTION OF
SUPPLY VOLTAGE FUNCTION OF FREQUENCY FREQUENCY
50 T 10M I 100 600 TT
Ta=25°C Vg=1t15v |
R Ta = 25°C
- N 500
40 N w
G N 0 :': i 400
8 N & ¢
L] 2 2 2
30 g g 2 300
3 Ci % &
5 100k 15 g 200 /
20 E z 8 Y
P
100
1.0 10K 0.1 1
5 10 15 20 100 Tk 10k 100k ™ 100 K 10k 100k ™
SUPPLY VOLTAGE — +V FREQUENCY — Hz ¢ FREQUENCY — Hz
OUTPUT VOLTAGE SWING OUTPUT VOLTAGE SWING ABSOLUTE MAXIMUM POWER
AS A FUNCTION OF AS A FUNCTION OF DISSIPATION AS A FUNCTION
LOAD RESISTANCE FREQUENCY OF AMBIENT TEMPERATURE
* |1 g Vg = £15V 600
w178 o — * TAT2e
2 71 > = 500
0] > N
22 g 28 € 400 \\
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pnA748

HIGH PERFORMANCE OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The uA748 is a High Performance Monolithic Operational Amplifier
constructed using the Fairchild Planar* epitaxial process. It is intended for a high wide range of analog
applications where tailoring of frequency characteristics is desirable. High common mode voltage range
and absence of “latch-up’”” make the uA748 ideal for use as a voltage follower. The high gain and wide
range of operating voltages provide superior performance in integrator, summing ampilifier, and general
feedback applications. The uA748 is short-circuit protected and has the same pin configuration as the
popular ©A741 operational amplifier. Unity gain frequency compensation is achieved by means of a
single 30 pF capacitor. For superior performance, see uA777 data sheet.

SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH uP

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 22V
Internal Power Dissipation (Note 1)

Metal Can 500 mW

DIP 670 mwW

Mini DIP 310 mW

Flatpak 570 mW
Differential Input Voltage +30 V
Input Voltage (Note 2) 15V
Storage Temperature Range

Metal Can, DIP, and Flatpak —65°C to +150°C

Mini DIP —55°C to +125°C
Operating Temperature Range

Military (748) —55°C to +125°C

Commercial (748C) 0°C to +70°C
Lead Temperature (Soldering, 60 Seconds)

Metal Can, DIP and Flatpak ) 300°C

Mini DIP 260°C
Output Short Circuit Duration (Note 3) Indefinite
EQUIVALENT CIRCUIT

COMPENSATION

NON-INVERTING
INPUT a A
1 2 Ry 45k
INVERTING|
INPUT
Q N '—t g

< No

Ry
> 2592

s ouTPuT
WV ——O
> 39k Rg 7.5k
vo 1
Qg
LA
P—k Qg7 2R
3560
OFFSET >
O ""‘k Q% nuLL Qo o °22>‘l
OFFSET NULL

%20
Ry Sf3 S R R SRz <1
1k S0k Sika 5kQ ;»wm Ss0a
’ ]

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5B

FREQUENCY
COMPENSATION

NOTE: Pin 4 connected to case

ORDER INFORMATION
TYPE PART NO.
748 748HM
748C 748HC

14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 6A

ORDER INFORMATION

TYPE PART NO.
748 748DM
748C 748DC

8-LEAD MINI DIP

(TOP VIEW)
PACKAGE OUTLINE 9T
e =55
NERT 2 j==l)
ey 6 [ outeut
INPUT |— OFFSET
NULL

ORDER INFORMATION
TYPE PART NO.
748C 748TC

10-LEAD FLATPAK+
(TOP VIEW)
PACKAGE OUTLINE 3F

.

e | of—an¢
FREQ COMP
OFFSETNULL = 2 9 f—=2 rreQ cOMP
s === 3 [ =——11
NONIMVERT 03 ¢ 7 f=—=3 oureur
INPU
v- s 6 mmad OFFSET NULL

+Available on special request

ORDER INFORMATION
TYPE PART NO.
748 748FM

Notes on following pages.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA748

748

ELECTRICAL CHARACTERISTICS (Vg = +15 V, Ta = 25°C, Cc = 30 pF unless otherwise specified)

‘SUGGESTED

5.1 MQ

ALTERNATE

PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS®
Input Offset Voltage Rg<10 kQ 1.0 5.0 mV
- Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 20 MQ
Input Capacitance 2.0 pF
Offset Voltage Adjustment Range 15 mV
Large Signal Volitage Gain Ry =2k, Voyt =10V 50,000 150,000 ViV
Output Resistance 75 Q
Output Short-Circuit Current 25 mA
Supply Current 1.9 28 mA
Power Consumption 60 85 mW
Transient Response
(Voltage Foliower, ViN =20 mV, Cc = 30 pF, R =2k,
Gain of 1) Risetime Cp <100 pF 0.3 us
Overshoot 5.0 %
Slew Rate R >2kQ 05 V/us
(Voltage Follower, Gain of 1) ’
Transient Response
(Voltage Follower, VIN=20mV,Cc =35pF, R =2kQ,
Gain of 10) Risetime C| <100 pF 0.2 s
Overshoot ) 5.0 %
Slew Rate RL >2k&,Cc =356pF 5.5 V/us
(Voltage Follower, Gain of 10)
The following specifications apply for —55°C <T A< +125°C:
Input Offset Voltage Rg <10 kQ 1.0 6.0 mV
Ta=+125°C 10 200 nA
Input Offset Current Tﬁ ——E5°C 50 500 A
. TA = +125°C 0.03 0.5 A
Input Bias Current Ti = _B5°C 0.3 15 ZA
Input Voltage Range +12 +13 \"
Common Mode Rejection Ratio Rg <10 k& 70 90 dB
Supply Voltage Rejection Ratio Rg <10 kQ 30 150 [AVAY
Large Signal Voltage Gain RL >2kQ, VouT =+10 V 25,000 ViV
. Ry =10 k& +12 +14 \%
Output Voltage Swing RLS2kQ 10 13 Vv
TA =+125°C 1.5 25 mA
Supply Current TA=-55C 2.0 3.3 mA
' ] TA =+125°C 45 75 mW
Power Consumpfuo.n Ta=-55C 50 100 W
VOLTAGE OFFSET
NULL CIRCUIT
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FAIRCHILD LINEAR INTEGRATED CIRCUITS o uA748

748C

ELECTRICAL CHARACTERISTICS (Vg =15V, Tp = 25°C, Cc = 30 pF unless otherwise specified)

PARAMETERS (see definitions) CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10 kQ 2.0 6.0 mV
Input Offset Current 20 200 ‘nA
Input Bias Current 80 500 nA
Input Resistance 0.3 20 MQ
Input Capacitance 2.0 pF
Offset Voltage Adjustment Range +16 mV
Large Signal Voltage Gain RL =2k&, Voyt =*10 V 20,000 150,000 VIV
Output Resistance 75 Q
Output Short-Circuit Current 25 mA
Supply Current 1.9 28 mA
Power Consumption 60 85° mW
Transient Response .
(Voltage Follower, ViN=20mV,Cc =30 pF, R =2kQ,
Gain of 1) Risetime CL <100 pF 0.3 us
Overshoot 5.0 %
Slew Rate Ry >2kQ 05 Vius
(Voltage Follower, Gain of 1)
Transient Response )
(Voltage Foliower, ViN =20 mV, Cc =3.5 pF, R =2k&,
Gain of 10) Risetime CL <100 pF 0.2 us
Overshoot 5.0 %
Slew Rate Ry >2kQ 55 V/us
(Voltage Follower, Gain of 10)
The following specifications apply for 0°C < Tp < +70°C:
Input Offset Voltage Rg <10k 75 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Input Voltage Range +12 13 \"
Common Mode Rejection Ratio Rg <10kQ 70 90 dB
Supply Voltage Rejection Ratio Rg <10 kQ 30 150 rV/V
Large Signal Voltage Gain RL>2kQ,VoyTr =210V 15,000 \74%
. R =10 kQ +12 +14 \
Output Voitage Swing Rl': STKRO t10 13 v
Power Consumption 60 100 mW
GAIN TEST CIRCUIT
-2(0,V +2%V
SOkQ:: 72 1w
Vout O- AMA s& A748 o
VYV [
biGITAL | - 0.47 uF 1 3 Avsﬂg_ j:i:}: OVin
VOLTMETER . _I_
I 8 0.02 4F D.C. INPUT
== 50ka & - N5 o I 10V)
0.01% 1» 30 pF 5.0% -3 p 1
50Q 8 -
W N
501'{ bD.UT 6 TOLERANCE OF ALL UNMARKED
019‘6 2 y 7 RESISTORS IS 1%
4r :E 2k2
1 vin X 10% 10 x 103
J Avo = = FOR V| SPECIFIED
= - VouT

o]
16V +15V
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FAIRCHILD LINEAR INTEGRATED CIRCUITS » uA748

INPUT BIAS CURRENT - nA

§NPUT OFFSET CURRENT - nA
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FAIRCHILD LINEAR INTEGRATED CIRCUITS

* uA748

TYPICAL PERFORMANCE CURVES FOR 748 AND 748C

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA748

TYPICAL PERFORMANCE CURVES FOR 748 AND 748C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS  uA748

TYPICAL PERFORMANCE CURVES FOR 748 AND 748C

FEED-FORWARD COMPENSATION

LARGE SIGNAL FEED—-FORWARD
TRANSIENT RESPONSE

FD100 OV
10k R =
MW C, = 10pF
157, =259
FD100 '
>
= o 5.0
Z
10k &
ViIN O——A— 2 6 5 l \
nATA8 Vout 525
3 8 (=1 \
1 | oL \
10k 5pF :[IODF 0
= 150 pF = 7
25
L0 20 30 40 50 6.0
RESPONSE TIME - s
TYPICAL APPLICATIONS
) CIRCUIT FOR OPERATING THE uA748
PULSE WIDTH MODULATOR PRACTICAL DIFFERENTIATOR WITHOUT A NEGATIVE SUPPLY
Ry R2
vin o, 100 1ok "
15V Vv 15V ~15V hd M
O Vour
Cq -. Vi O
047 uF N
I B
21 By Cq
1 Vout
fp = ————
Dy 2m Ry Cq
62V
Dz — [ o]
62V = 2 Ry Ca
fe<f < 'unity gain
NOTES
1. Rating applies tooambient temperature up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for the Metal Can, 8.3 mwW/°C for
the DIP, 5.6 mW/°C for the Mini DIP and 7.1 mW/°C for the Flatpak.
2. For supply voltages less than =15 V, the absolute maximum input volitage is equal to the supply voltage.

3.

Short circuit may be to ground or either supply. Rating applies to +1 25°C case temperature or +75° C case temperature or +75°C ambient

temperature.
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uA776

MULTI-PURPOSE PROGRAMMABLE OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

DESCRIPTION — The uA776 Programmable Operational Amplifier is constructed using the Fairchild
Planar* epitaxial process. High input impedance, low supply currents, and low input noise over a wide
range of operating supply voltages coupled with programmable electrical characteristics result in an
extremely versatile amplifier for use in high accuracy, low power consumption analog applications.
Input noise voltage and current, power consumption, and input current can be optimized by a single
resistor or current source that sets the chip quiescent current for nano-watt power consumption or for
characteristics similar to the pA741. Internal frequency compensation, absence of latch up, high slew
rate and short circuit current protection assure ease of use in long time integrators, active filters, and
sample and hold circuits.

¢ MICROPOWER CONSUMPTION ® HIGH SLEW RATE
e 11.2V to 118V OPERATION * LOW NOISE
¢ NO FREQUENCY COMPENSATION REQUIRED ® SHORT CIRCUIT PROTECTION
e LOW INPUT BIAS CURRENTS ® OFFSET NULL CAPABILITY
¢ WIDE PROGRAMMING RANGE e NO LATCH uUP
ABSOLUTE MAXIMUM RATINGS
Supply Voltage +18 V
Internal Power Dissipation (Note 1)
Metal Can 500 mW
DIP 670 mW
Mini DIP 310 mW
Differential Input Voltage +30 V
Input Voltage (Note 2) +15V
Voitage Between Offset Null and V— +0.5V
IsgT (Maximum Current at IggT) : 500 uA
VSeT (Maximum Voltage to Ground at IggT) (V4 =20 V)< VgpT<V4
Storage Temperature Range
Metai Can, DIP —65°C to +150°C
Mini DIP ~55°C to +125°C
Operating Temperature Range
Military (776) —~56°C to +125°C
Commercial (776C) 0°C to +70°C
Lead Temperature (Soldering, 60 seconds)
Metal Can, DIP 300°C
Mini DIP 260°C
Output Short-Circuit Duration (Note 3) Indefinite
EQUIVALENT CIRCUIT ioer
= v+
Q4 —6‘315 Qxel)— AL Q12 Q1
| Q23
INY&;!J{_NG .NYEE¥|NG R3 R4
Q2 T 2kQ 500
. CI"L Ko fgou
£022 . -—«;\;v—opUTPUT
;_< : 10(7)<..' 1660
Qs Qs Qg
\ K% Rg
OFFS(ET— T?su 504
NULL NULL — Qg Q24
10kQ3R; RyZ10ko ]
Q20 Q10
0191/‘ '\1018 “] .

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 5B

ISET
O]
OFFSET NULV+
INVERTING INPUT .F} O ouTPUT
NON-INVERTING
INPUT S £J oFFsET NULL

ORDER INFORMATION
TYPE PART NO.
776 776HM
776C 776HC

14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 6A

nc.

[Inc.
2[7]ser

v
[Joutput
[JoFFsET NULL

[Ine

OFFSET NULL

INVERT INPUT
NON-INVERT
INPUT

V—

N.C.

ORDER INFORMATION
TYPE PART NO.
776 776DM
776C 776DC

8-LEAD MINI DIP
(TOP VIEW)
PACKAGE OUTLINE 9T

ofrseTnuL={1 7 sfiser
INVERT INPUTL] 2 73+
NON-INVERT
wput =3 6fouteur
v-Ca 5[JOFFSET NULL

ORDER INFORMATION
TYPE PART NO.
776C 776TC

*Planar is a patented Fairchild process.




FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA776

115 VOLT OPERATION FOR 776

ELECTRICAL CHARACTERISTICS (T = 25°C, Unless Otherwise Specified)

ISET = 1.6uA ISET = 15uA
PARAMETERS CONDITIONS MIN. TYP. MAX. MIN. TYP. MAX. | UNITS
Input Offset Voltage Rg<10k$2 20 5.0 20 50 mV
Input Offset Current Rg<10k$2 0.7 3.0 20 15 nA
Input Bias Current 2.0 75 15 50 nA
Input Resistance 50 5.0 MQ
Input Capacitance 20 2.0 pF
Offset Voltage Adjustment Range 9.0 18 mV
R >75k2, VouT =t10V 200k 400k VIV
Large Signal Voltage Gain
R >5kS2, VoyT =10V 100k 400k ViV
Output Resistance 5.0k 1.0k Q
Output Short-Circuit Current 3.0 12 mA
Supply Current 20 25 160 180 uA
Power Consumption 0.75 5.4 mw
Transient Response VIN = 20mV, R > 5k,
{unity gain) Risetime CL = 100pF 1.6 0.35 us
Overshoot 0 10 %
Slew Rate RL>5kQ 0.1 0.8 V/us
Output Voltage Swing RL>75ka *12 *14 v
R >5kQ 10 £13 v
The following specifications apply —55°C<Ta< +125°C
Input Offset Voltage Rg<10k& 6.0 6.0 mV
Ta = +125°C 5.0 15 nA
Input Offset Current TA=55°C 10 20 A
Ta = +125°C 75 50 nA
Input Bias Current TA=55°C 20 120 oA
Input Voltage Range +10 +10 v
Common Mode Rejection Ratio Rg<10kQ 70 90 70 90 dB
Supply Voltage Rejection Ratio Rg<10k2 25 150 25 150 uVv/v
Large Signal Voltage Gain RL=>75kQ, VoyuT=t10V 100k 75k ‘A"
Output Voltage Swing R >75kQ +10 +10 \%
Supply Current 30 200 HA
Power Consumption 0.9 6.0 mw
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA776

13 VOLT OPERATION FOR 776

ELECTRICAL CHARACTERISTICS (T 5 = 25°C, Unless Otherwise Specified)

ISET = 1.5uA ISET = 156A
\
PARAMETERS CONDITIONS MIN. TYP. MAX. MIN. TYP. MAX. | UNITS
Input Offset Voltage Rg<10kQ 2.0 5.0 20 5.0 mV
Input Offset Current 0.7 3.0 2.0 15 nA
Input Bias Current 2.0 75 15 50 nA
Input Resistance 50 5.0 "MQ
Input Capacitance 2.0 2.0 pF
Offset Voltage Adjustment Range 9.0 18 mV
RL>75kQ, VouT=t1V 50k 200k VIV
Large Signal Voltage Gain
R_>5kQ, VoyTt=t1V 50k 200k VIV
Output Resistance 5k 1k Q
Output Short-Circuit Current 3.0 5.0 mA
Supply Current 13 20 130 160 BA
Power Consumption 78 120 780 960 uW
Transient Response VIN = V, RL = 5k
. K P Risetime IN = 20mV, R > 5ks2, 3.0 0.6 us
{unity gain) CL < 100pF
Overshoot 0 5 %
Slew Rate ‘RL=>5kQ 0.03 0.35 V/us
The following specifications apply for ~55°C < Tp < +125°C
Input Offset Voltage Rg<10k£ 6.0 60 | mv
Ta =+125°C 5.0 15 nA
Input Offset Current A
Ta=-55°C 10 40 nA
Tao=+ °C 7.5 50 A
Input Bias Current A 128¢C °
Ta =-55°C 20 120 | nA
Input Voltage Range +1.0 +1.0 \"
Common Mode Rejection Ratio Rg<10kQ 70 86 70 86 dB
Supply Voltage Rejection Ratio Rg<10kQ 25 150 25 150 Ay
. R =75k, V| =+1V 25k \"7AY%
Large Signal Voltage Gain L out
RL>5kQ, VouT=t1V 25k \ZAY
R >75k$2 +2.0 2.4 v
Output Voltage Swing -
Ry >5kQ +1.9 +2.1 \%
Supply Current 25 180 HA
Power Consumption 150 1080 uw

NOTES

1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for Metal Can, 8.3 mW/°C for the
DIP, and 5.6 mW/8C for the Mini DIP.

2. For supply voltages less than £15 V, the absolute maximum input voltage is equal to the supply voltage.
3. Short Circuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature for

ISET < 30 upA.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS o uA776

+15 VOLT OPERATION FOR 776C

ELECTRICAL CHARACTERISTICS (T p = 25°C, Unless Otherwise Specified)

ISET = 1.60A ISET = 15uA

PARAMETERS CONDITIONS MIN, TYP. MAX. MIN. TYP. MAX. | UNITS
Input Offset Voltage Rg<10k$2 2.0 6.0 2.0 6.0 mV
Input Offset Current 0.7 6.0 2.0 25 nA
Input Bias Current 2.0 10 15 50 nA
Input Resistance 50 5.0 Ma
Input Capacitance 2.0 2.0 pF
Offset Voltage Adjustment Range 9.0 18 mV
Large Signal Voltage Gain RL>75ka, VouT= 1 ov S0k 400k vIv

R =5k, VoyT=£10V 50k 400k VIV
Output Resistance 5.0 1.0 kQ
Output Short-Circuit Current 3.0 12 mA
Supply Current 20 30 160 190 HA
Power Consumption 0.9 5.7 mW
Transient Response VN = 20mV, R > 5k,
(unity gain) Risetime CL < 100pF 1.6 0.35 us

Overshoot 0 10 %

Slew Rate RL>5kQ 0.1 0.8 Vius

R|_>75kQ +12 +14 \Y
Output Voltage Swing

Ry >5kQ +10 +13 \

The following specifications apply to 0°C<TA< +70°C

Input Offset Voltage Rg<10kQ 7.5 75 mV
Input Offset Current Ta=+70°C 6.0 i nA

Ta=0°C 10 40 nA

Ta =+70°C 10 50 nA
Input Bias Current

Ta=0°C 20 100 nA
Input Voltage Range +10 +10 \
Common Mode Rejection Ratio Rg<10kQ 70 90 70 920 ‘ dB
Supply Voltage Rejection Ratio Rg<10kQ2 25 200 25 200 Y
Large Signal Voltage Gain R =75k, VoyT=t10V 50k 50k VIV
Output Voltage Swing RL=>75kQ +10 +10 \"
Supply Current 35 200 HA
Power Consumption 1.05 6.0 mwW
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA776

13 VOLT OPERATION FOR 776C

ELECTRICAL CHARACTERISTICS (T a5 = 25°C, Unless Otherwise Specified)

ISET = 1.58A ISET = 15uA
PARAMETERS CONDITIONS MIN. TYP, MAX. MIN. TYP. MAX. .UNlTS
Input Offset Voltage Rg<10k$2 20 6.0 20 6.0 mV
Input Offset Current 0.7 6.0 2.0 25 nA
Input Bias Current 2.0 10 15 50 nA
Input Resistance 50 5.0 MQ
Input Capacitance 2.0 2.0 pF
Offset Voltage Adjustment Range 9.0 18 mV
RL>75k82, VouT=¢1V 25k 200k \7AY
Large Signal Voltage Gain
RL>5k®2, VoyT=¢1V 25k 200k VIV
Output Resistance 5.0 1.0 k&
Output Short-Circuit Current 3.0 5.0 mA
Supply Current 13 20 130 170 KA
Power Consumption 78 120 780 1020 uW
Overshoot 0 5 %
Slew Rate R_>5kQ 0.03 0.35 V/us
The following specifications apply for 0°C<Ta<+70°C
Input Offset Voltage Rg<10k2 75 7.5 mV
Input Offset Current Ta=+70°C 60 ad nA
Ta=0°C 10 40 nA
o Ta =+70°C 10 50 nA
Input Bias Current Ta=0°C 20 100 oA
Input Voltage Range +1.0 £1.0 \%
Common Mode Rejection Ratio Rg<10kQ 70 86 70 86 dB
Supply Voltage Rejection Ratio Rg<10k2 25 200 25 200 uV/V
Large Signal Voltage Gain RL>75k2, VouT=*1V 2k MAd
Ri_>5k&2, VoyT=£1V 25k \7AY%
Output Voltage Swing RL>75k2 2.0 +24 \
RL>5kQ +2.0 2.1 Y
Supply Current 25 180 HA
Power Consumption 150 1080 uW
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ yA776
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA776
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vg = 25V

M

N
N
Ry~ 75kQ \

60 100 140

TEMPERATURE - °C

POWER SUPPLY REJECTION
RATIO AS A FUNCTION
OF SET CURRENT

THERMAL RESPONSE OF INPUT

CHANGE OF CASE TEMPERATURE

CHANGE IN INPUT OFFSET VOLTAGE - pv

SLEW RATE - Vius

0.001
0.01 0.1 1 10 100

LY T T 11T
[ | | +3.00 £ Vg <18V
; IR AR
= R S o L)
3 |
e ¥ :
2
g L
=
2
g
S =
T
> L 1]
=
&
A
g
g2
0
0.1 1 10 10

Isgr - SET CURRENT - KA

OFFSET VOLTAGE TO STEP

800

BE FEON
600
L1
400 /,
® /
/ VS‘ S5V |
Initial offset
0 voltage<1.0 pv —
-2 0 20 40 60 80

TIME FROM HEAT APPLICATION - SECONDS

SLEW RATE
AS A FUNCTION OF
SET CURRENT

Vg =215V

0.1 7

0.01

Iggr = SET CURRENT - pA

OPEN LOOP GAIN

SUPPLY CURRENT - pA

CHANGE N INPUT OFFSET VOLTAGE -uV

QUTPUT VOLTAGE - mV

107

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
SET CURRENT

T Iol T
TaszC
[ R =75k

Vg = £3,0V

0.1 1 10 100
Igg7 = SET CURRENT - pA

SUPPLY CURRENT
AS A FUNCTION OF
AMBIENT TEMPERATURE

150

T
[t -
=

120

—T"

e

11

-

Vg = 13.0v

8

o
8

Iger LSuA
30 Vg 215V

|
Vg 13,0

-60 -2 20 60 100 140

TEMPERATURE - °C

STABILIZATION TIME
OF INPUT OFFSET
VOLTAGE FROM POWER ON

L1

-20

~30

-40

Ty 25°C

Vg® 15V
Initial offset voltage<1.0 pv

L L]

-1 0 1 2 3 4 5 6 17 8 9

g R 8 & & ¥

oo

o

TIME FROM POWER APPLICATION- MIN.

VOLTAGE FOLLOWER
TRANSIENT RESPONSE
(UNITY GAIN)

V15V

/ Iger® 15uA
R." 5kQ

/ €, 100pF

TIME - ps
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA776

RESISTOR BIASING

RseT CONNECTED TO GROUND

RggT CONNECTED TO V™

* Recommended for
supply voltages less than T6V.

BIASING CIRCUITS

TRANSISTOR CURRENT
SOURCE BIASING

VOLTAGE OFFSET
NULL CIRCUIT

FET CURRENT SOURCE

BIASING

TRANSIENT RESPONSE
TEST CIRCUIT

Vout

v

SET CURRENT AS A

FUNCTION OF SET RESISTOR

100mM

1M —F—y -
S IN_ N

QUIESCENT CURRENT SETTING RESISTOR

(IgeT TO V™)
ISET
Vs
1.5uA 15uA
15V 1.7MQ 170k
+3.0V 3.6MQ 360k
6.0V 7.5MQ 750k2
+15 V 20MQ 2.0MQ
Note: The uA776 may be operated with
RSET connected to ground or V—,

IgeT EQUATIONS:

vi_o7-v

RseT
where RggT is connected to V™

IseT =

vt -07
RSET
where RggT is connected to ground.

ISET =
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FAIRCHILD LINEAR INTEGRATED CIRCUITS » uA776

TYPICAL APPLICATIONS
HIGH ACCURACY SAMPLE AND HOLD

SAMPLE 50nA
.

HOLD 0.75nA

Q
ANALOG v SOURCE ORAIN
INPUT N 2N4392

—BV <V <6V 100k82 .
GATE Toowr 1ger |
SAMPLE FD666
+15V
HoLD
1000pF
*HOLD CAPACITOR 1
MULTIPLEXING AND SIGNAL CONDITIONING NANO-WATT AMPLIFIER
WITHOUT FET'S
Mo
Ry
Yin O
R3

91k

HIGH INPUT IMPEDANCE

AMPLIFIER
A9 )
sy SO0k S0k
sooia =
Q|N AA A4 _—OOOUT

500k

50MQ
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WA777

PRECISION OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The uA777 is a monolithic Precision Operational Amplifier constructed
using a low noise Fairchild Planar* epitaxial process. It is an excellent choice when performance versus
cost trade-offs are possible between super beta or FET input operational amplifiers and fow cost
general purpose operational amplifiers. Low offset and bias currents improve system accuracy when
used in applications such as long term integrators, sample and hold circuits and high source impedance
summing amplifiers. Even though the input bias current is extremely low, the uA777 maintains full
+30 V differential voitage range. The internal construction utilizes isothermal layout and special
electrical design to maintain system performance despite variations in temperature or output load.
High common mode input voltage range, latch-up protection, short circuit protection and simple
frequency compensation make the device versatile and easily used.

LOW INPUT BIAS CURRENT

ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Internal Power Dissipation (Note
Metal Can
DIP
Mini DIP
Flatpak

Differential Input Voltage

Input Voltage (Note 2)

Storage Temperature Range
Metal Can, DIP, and Flatpak
Mini DIP

Operating Temperature Range
Military (777)

Commercial (777C)

Lead Temperature

Metal Can, DIP and Flatpak (Soldering, 60 seconds)

LOW INPUT NOISE VOLTAGE
LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES

1)

Mini DIP (Soldering, 10 seconds)
Output Short-Circuit Duration (Note 3)

LOW OFFSET VOLTAGE AND OFFSET CURRENT
LOW OFFSET VOLTAGE AND CURRENT DRIFT

-65°
-55°

-55°

22v

500 mW
670 mW
310mW
570 mW
30 V
15V

Cto+150° C
Cto+125° C

Cto+125° C
0°Cto70° C

300° C
260° C
Indefinite

EQUIVALENT CIRCUIT

INVERTING INPUT

COMP OFFSET NULL

COMP.

4

%

NON-INVERT.
INPUT +

Q3
OFFSET NULL

&

Q 2L}1'
ol

Rs &
S
a0k S

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)
PACKAGEOUTLINE 5B

FREQUENCY

COMPENSATION
/ ol

OFFSET NULLV*
INVERTING ¢ » S outPuT

INPUT

NON-INVERTING 9
INPUT

NOTE: Pin4 cg;nected to case
ORDER INFORMATION

TYPE
777
777C

PART NO.
777 HM
777 HC

14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 6A

ORDER INFORMATION
TYPE PART NO.
777 7770M
777C 777DC

8-LEAD MINI DIP
(TOP VIEW)
PACKAGE OUTLINE 9T

COMP OFFSET
NULL

ORDER INFORMATION

TYPE PART NO.
777C 7777C
10-LEAD FLATPAK#
(TOP VIEW)
PACKAGE OUTLINE 3F
N.C 1e 10 fed N.C.
FREQ. COMP.
OFFSET NULL C—— 2 9 ] FREQ. COMP.
NVERTING 1 5 s
NON-INVERT. (==l 4 7 2 OUTPUT
INPUT
V- e —_'5 6 ] OFFSET NULL

+ Available on special request
ORDER INFORMATION

TYPE PART NO.
777 777FfM

Notes on following pages.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA777

ELECTRICAL CHARACTERISTICS FOR 777 (Vg =15V, Tp = 25°C, Cc = 30 pF unless otherwise specified)

PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <50 kQ 0.5 2.0 mV
Input Offset Current 0.25 3.0 nA
input Bias Current 8.0 25 nA
Input Resistance 2.0 10.0 MQ
Input Capacitance 3.0 pF
Offset Voltage Adjustment Range +25 mV
Large Signal Voltage Gain R >2kQ, Voyt =210V 50,000 250,000 VIV
Output Resistance 100 Q
Output Short-Circuit Current +25 mA
Supply Current 1.9 238 mA
Power Consumption 60 85 mW
Transient Response VIN =20 mV, Cc =30 pF,
(Voltage Follower, Risetime R =2k, C < 100 pF 0.3 us
Gain of 1)
Overshoot 5.0 %
Siew Rate RL = 2kQ 0.5 V/ius
(Voltage Follower, Gain of 1)
Transient Response VIN=20mV, Cc = 3.5 pF,
(Vqltage Follower, Risetime RL = 2k, CL < 100 pF 0.2 us
Gain of 10)
Overshoot 5.0 %
Slew Rate R >2k®,Cc=3.5pF 5.5 V/us
(Voltage Follower, Gain of 10)
The following specifications apply for -55°C < Tpa < +125°C:
Input Offset Voltage Rg <50 kQ 0.5 3.0 mV
Average Input Offset Voltage Drift Rg < 50 kQ 2.5 15 wv/°C
Input Offset Current 10 nA
Average Input Offset Current Drift 2%C< Tas< # 25°C 25 30 PAPC
-B6°C < Tp < 25°C 6.5 150 pA/°C
Input Bias Current 75 nA
Input Voltage Range £12 £13 \"
Common Mode Rejection Ratio Rg <50 k@ 80 95 dB
Supply Voltage Rejection Ratio Rg < 50 kQ 13 100 uV/v
Large Signal Voltage Gain RL>2kQ,Voyt=£10V 25,000 VIV
Output Voltage Swing RL=>10ka 12 14 v
R >2kQ +10 +13 \
Supply Current Ta = +12°5°C 15 25 mA
Tao=-55°C 2.0 3.3 mA
"Power Consumption Ta=+125°C 40 75 mw
Ta=-55°C 60 100 mW
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA777

ELECTRICAL CHARACTERISTICS FOR 777C (Vg = +15V, Ta = 25°C, Cc = 30 pF unless otherwise specified)

PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <50 kQ 0.7 5.0 mV
Input Offset Current 0.7 20.0 nA
Input Bias Current 25 100 nA
Input Resistance 1.0 2.0 MO
Input Capacitance 3.0 pF
Offsat Voltage Adjustment Range 25 mV
Large\Signal Voltage Gain RL > 2 kQ, VOUT = 10V 25,000  |250,000 VIV
Output Resistance 100 Q
Output Short-Circuit Current +25 mA
Supply Current 1.9 2.8 mA
Power Consumption 60 85 mwW
Transi
“otraga Fottower, Vin = 20 mv, Cc = 30 pF,
Gain of 1) __ Risetime RL =2k, C_< 100 pF 03 ps
) Overshoot ) 5.0 %
Slew Rate RL>2k&Q 0.5 V/us
’(Voltage Follower, Gain of 1)
Transient Response VIN =20 mV, Cc = 3.5 pF,
(Voltage Follower, :
Gain of 10) Risetime R =2k, C_ < 100 pF 0.2 M
Overshoot 5.0 %
Slew Rate Ry >2kQ 5.5 V/us
(Voltage Follower, Gain of 10)
The following specifications apply for 0°C < Tpa < +70°C
Input Offset Voltage Rg <50 kQ 0.8 5.0 mV
Average Input Offset Voltage Drift Rg <50 kQ 4.0 30 uv/°C
Input Offset Current 40 nA
Average Input Offset Current Drift 2?°C =Ta <+7?°C 007 03 nA/:C
0°C < Ta <+25°C 0.02 0.6 nA/°C
Input Bias Current 200 nA
Input Voltage Range +12 +13 \'
Common Mode Rejection Ratio Rg <50 k2 70 95 dB
Supply Voitage Rejection Ratio Rg <50 kQ 15 150 uVvIiv
Large Signal Voltage Gain RL > 2kQ,VoyT=+*10V 15,000 V/V
] RL > 10kQ +12 +14 v o
Output Voltage Swing R > 2k 110 13 v
Power Consumption 60 100 mW

NOTES

1. Rating abplies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mW/°C for Metal Can, 8.3 mWY/°C for the DIP

5.6 mW/°C for the Mini DIP and 7.1 mW/°C for the Flatpak.
2. For supply voltages less than £15 V, the absolute maximum input voltage is equal to the supply voltage.
3. Shortcircuit may be to ground or either supply. Rating applies to +125°C case temperature or +75°C ambient temperature.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « pnA777

POWER CONSUMPTION - mW VOLTAGE GAIN - dB

INPUT OFFSET CURRENT -nA

SHORT CIRCUIT CURRENT - mA

120

10

50

10

TYPICAL PERFORMANCE CURVES FOR 777 AND 777C

OPEN LOOP VOLTAGE
GAIN AS A FUNCTION
OF SUPPLY VOLTAGE

Tp=5°C
Rt =2%Q ]

5 10 5 20

SUPPLY VOLTAGE = +V

POWER CONSUMPTION AS
A FUNCTION OF SUPPLY
VOLTAGE

L1
P

5 10 15 20

0.8

0.6

0.4

0.2

k-

SUPPLY VOLTAGE - +V

INPUT OFFSET CURRENT
AS A FUNCTION OF
SUPPLY VOLTAGE

TA=2°C

5 10 15 il
SUPPLY VOLTAGE - £V
OUTPUT SHORT-CIRCUIT
CURRENT AS A FUNCTION
OF AMBIENT
TEMPERATURE

T 1
Vg - 215V __|

<20 20 60 100 140

TEMPERATURE - °C

POWER CONSUMPTION - W

POWER DISSIPATION ~ mW

PEAK-TO-PEAK OUTPUT SWING - V

INPUT CURRENT - nA

2

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
SUPPLY VOLTAGE
717: 55°C < Ty < 15°C

I 777C: 0°C < Ty < T0°C
R

/
7

5 10 5 2
SUPPLY VOLTAGE - +V

INPUT CURRENT AS
A FUNCTION OF

AMBIENT TEMPERATURE
500 p——r
[ vge sV
e BIAS 777/
—
10 Sl
1
[oprser e, ‘
1
LT ORSET 777
0.1 L
-60 2 2 60 100 140
TEMPERATURE - °C
POWER CONSUMPTION AS
A FUNCTION OF AMBIENT
" TEMPERATURE
Vg 15V_]
Ry =
70
~
60
N
% N
N
)
30
-6 -2 ) 60 100 40
TEMPERATURE - °C
ABSOLUTE MAXIMUM
POWER DISSIPATION AS
A FUNCTION OF AMBIENT
TEMPERATURE
60
500
N 71—
AN
40
N <
300
AN
20 N
e
100 1
0
% a5 ) & 105 125

AMBIENT TEMPERATURE -°C

INPUT COMMON MODE

VOLTAGE RANGE AS A

FUNCTION OF SUPPLY
VOLTAGE

-3V

T17; 55°C<Tp < 155°C
— TC: 0°C< Ty < 70°C

COMMON MODE VOLTAGE RANGE

/|

v

/
/

/

/

5 10 15 2

SUPPLY VOLTAGE vV

INPUT RESISTANCE AS
A FUNCTION OF
AMBIENT TEMPERATURE

T T T "

LV = +15V.
S L—T" 11

L1

INPUT RESISTANCE - MQ
~
>

0.5

0.2

0.1

=20 20 60 100 140

TEMPERATURE - °C

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
LOAD RESISTANCE

T T
Vg =215V
TA"B%

/

2

PEAK-TO-PEAK OUTPUT SWING - V

0.

1 02 05 L0 2,0 5.0 10
LOAD RESISTANCE ~ kR

INPUT NOISE VOLTAGE
AND CURRENT AS A
FUNCTION OF FREQUENCY

5
=

5l
[]

._
%
=

MEAN SQUARE NOISE VOLTAGE - V&/Hz

107

L Vvg=2lov

T3

102

Az

=

MEAN SQUARE NOISE CURRENT

1072

—
5

100 1k 10k
FREQUENCY - Hz

102

100k
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA777

TYPICAL PERFORMANCE CURVES FOR 777 AND.777C

OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
FREQUENCY
120 T
V=15V
" Ty =425°C
100 o, Y "_500 ]
N\ N
80 N
- . R - 2@
$ AN
2 ’\:.\\\C
S R =2kQ |} ™,
g 20 .,
QX”
0 ,,%X
20
PR VS - S T T LA U
FREQUENCY - Hz
OPEN LOOP VOLTAGE GAIN
AS A FUNCTION OF
FREQUENCY FOR VARIOUS
GAIN/COMPENSATION |OPTIONS
120
v5=:|15v
100 SN Ta"°C
N R > 102
80
g LY \
g N
o N
2

1 10 100 1k 10k 100k 1M 10M
FREQUENCY -~ Hz .
INPUT RESISTANCE,
OUTPUT RESISTANCE,
AND INPUT CAPACITANCE
AS A FUNCTION OF FREQUENCY

oo ]
Ryy 777
10M N -
Ry 777C iy
w L 10
Cin] | N
2 voox [T A0 ITTC .
E
=
S, 10k 1
E
73
&
= Rour HT|
100 =177 Anp 777C
Vg = +1sv
10 T = 25°C 7]
100 1k 10k 100k m

FREQUENCY - Hz

VOLTAGE FOLLOWER
TRANSIENT RESPONSE

(GAIN OF 1)
2
24
2 90%7{ hel
. 16
: [
5 n /

8 Vg=t15V ]

TAr25°C |

Ce=309F

R- 202 —|

Cy 1000

0 500 15 20 25
THVE - 1S

0%
° RISE TINE

INPUT CAPACITANCE - pF

PHASE - DEGREES

VOLTAGE GAIN - dB

COMMON MODE REJECTION RATIO - dB

OPEN LOOP PHASE
RESPONSE AS A
FUNCTION OF :FREQUENCY

0 T T T

. R, "2k Vg = £15V
L

01, Co " 3F

4

/ 5’"

%0 7R, = %@
Cc = 30pF

&

1o w2 10t 1w w0
FREQUENCY - Hz

FREQUENCY RESPONSE
FOR VARIOUS
CLOSED-LOOP GAINS
120
v5=115v
100 Tho 2 °C_]
Ry 2 10k

Cg = 1pF

© Cc‘|2i‘F \

Ce * 300F

-20 ‘
1 10 100 1k 10k look 1M 10M

FREQUENCY - Hz

COMMON MODE REJECTION
RATIO AS A FUNCTION OF
FREQUENCY
100 T
@ i Vg - 215V
TN w5

0 A\
° N

1 10 100 1k 10k 100k 1M 10M
FREQUENCY - Hz

TRANSIENT RESPONSE
TEST CIRCUIT

CHANGE IN INPUT OFFSET VOLTAGE - uV COMPENSATION CAPACITANCE - pF PEAK-TO-PEAK OUTPUT SWING - V

QUTPUT VOLTAGE - V

k2

OUTPUT VOLTAGE SWING
AS A FUNCTION OF
FREQUENCY

TT1T
Vgt 15V
Tp=%°C
Ry =10k |

\cc =3

NN
\\\ ~\\
N
-

0
1k 10k 100k M 1M

50

FREQUENCY - Hz
COMPENSATION
CAPACITANCE AS A
FUNCTION OF CLOSED
LOOP VOLTAGE GAIN

Vg = i1V ]
A

1525 °C—

R 2@ |

N

» NO OVERSHOOT

(€,< 100pF)

AN
L 20% rp({x’n Yj\

(€, % 200F) ‘\

\
0 10 20 30 40 50 60 70

CLOSED LOOP VOLTAGE GAIN - dB

INPUT OFFSET VOLTAGE
DRIFT AS A FUNCTION
OF TIME

V=12V |
Tp-12°c_|

TREND LINE

0 200 40 600 800 1000

TIME - HRS.

'VOLTAGE FOLLOWER

LARGE SIGNAL
PULSE RESPONSE

.
Vg =215V
TAT5C
R, %0
€< 100F

-

- X1
UTPUT -2 - 30

INPUT \

o x 1 A
C 3P\

0 10 20 30 4 S0 6 70 8 90
TIME - ps
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ yA777

TYPICAL PERFORMANCE CURVES FOR 777 AND 777C

THERMAL RESPONSE OF INPUT OF FSET VOLTAGE STABILIZATION TIME OF INPUT OFFSET
TO STEP CHANGE OF CASE TEMPERATURE VOLTAGE FROM POWER TURN-ON
5°C 15°C
> 30 >
E / g -
5" / 2 0
s - /
g g @
Z 10 E
= / z / A" 5°C —
g Vg =I5V E Vg = 215V
S INITIA OFFIIVIOLIAGUIluV I 50 INITIAL OFFSET VOLTAGE < 1uV
° L[]
2 0 2 4 60 8 10 0 1 2 3 4 5 6 7 8 9
TIME FROM HEAT APPLICATION - SECONDS TIME FROM POWER APPLICATION - MIN,

FEED-FORWARD COMPENSATION

LARGE SIGNAL FEEDFORWARD
TRANSIENT RESPONSE

o | l FD100 iqk?
|-vge v vy
7.5 R o
3 ¢, =10, -
_Tl=z5?’Fc FD100
> 10kQ
o 5.0 VI N O——WA-
O
525
g
0
L
-2.5
0 1.0 2.0 3.0 4.0 5.0 6.0
RESPONSE TIME - ps
VOLTAGE OFFSET GAIN TEST CIRCUIT

NULL CIRCUIT

S0 $ » l 100
Vour e 1 s ™
O———M 500 500 Vin
ot | N I
DC INPUT
T v 0. T €210V FOR Vg = £15V)
L suo ¢ =
= 0.01% $ 50.5pF -
309F 5.0% TOLERANCE OF ALL UNMARKED
s0a A RESISTORS 1S 1%
8.1% 3 .
v . .
| LX) 1 o
WA - y VinX
0 .
% »Lz" VO " Vour

SUGGESTED ALTERNATE
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA777

TYPICAL APPLICATIONS

BIAS COMPENSATED LONG TIME INTEGRATOR
Ry | v+
20 ¢ Ry
2.2M3R, J IN457
T 3L
R, |
1'31
OUTPUT

C
L nln

* Adjust R3 for minimum integrator drift

SAMPLE AND HOLD

V+

M0

INPUT J AN

SAMPLEb—L -
—o

+ OuTPUT

LuF

|||-—|

30pF

CAPACITANCE MULTIPLIER

moma
Ry c=—L G
Vos*los Ry
Rg=R "
oF[ R3S 2
Cl -
AM— —0 -—(
10uF == Rl
10MQ

AMPLIFIER FOR CAPACITANCE TRANSDUCERS

Ry 22MQ

M - QUTPUT
l()uF_"_(;1 L o

RZ 11IMQ

+
Ry
11MQ = 30F
~T TRANSDUCER

Low Frequency Cutoff R1 X C1

BILATERAL CURRENT SOURCE

R
Ry 100k
INPUT o—AAN— -
200k
N
Ry izoo 00 RS 2k
kQ
R
— —_A A 0
- 100kQ OUTPUT
Ry V
_BaVin .o _ -
lout = iRy=Ry;R3=Ry +Rs
Ry Rg

HIGH SLEW RATE POWER AMPLIFIER

| A5V
0 31800
—i ! 2N6124
5100
OUTPUT
51K o
INPLT 0— A \v+ L005,F R
H 15Q
- V- Saro
LU S
$ 1800
= o -15V

+ 100 V COMMON MODE RANGE
INSTRUMENTATION AMPLIFIER

Ry
Rl 5.1kQ
+ O—AM -
5KkQ
p Ry 5.1k
4.7kQ 1
INPUTS 1 20
Bi PR3 '
— = —= for best CMRR R P4
R, R, i U Rg 51K
Ry =R, 51kQ —o QUTPUT
R, = Rg=10Rg
Ry 4.7kQ
Gain = — = 30pF
Rg =

INSTRUMENTATION AMPLIFIER WITH
" HIGH COMMON MODE REJECTION

30pF

INPUTS —o OUTPUT
R R
—2= "6 for best CMRR
Rs Ry
H1 = R4

+ R, = Ry
R 2R

30pF in=—8 “ +-—;l )

Ray R3
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nA791

POWER OPERATIONAL AMPLIFIER

FAIRCHILD LINEAR INTEGRATED CIRCUIT

GENERAL DESCRIPTION — The uA791 is a high performance Monolithic Operational Amplifier
constructed using the Fairchild Planar* Epitaxial process with input characteristics similar to the
rA741 operational amplifier and 1 amp available output current. It is intended for use in a wide
variety of applications including audio amplifiers, servo amplifiers, and power supplies. The high gain
and high output power capability provide superior performance wherever an operational amplifier/
power booster combination is required. The uA791 is thermal and short circuit protected.

CONNECTION DIAGRAM
10-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE SH

OFFSET ADJUST
(OPTIONAL)
COMPENSATION

v—
{SHORTED

INVERT
TO CASE)

INPUT

ouTPuT Q INPUT

e CURRENT OUTPUT TO 1 AMP
CURRENT SENSE
e SHORT CIRCUIT PROTECTION
® OFFSET VOLTAGE NULL CAPABILITY ORDER INFORMATION
TYPE PART NO.
e N H-UP
O LATCH-U 791 791KM
® LARGE COMMON-MODE AND DIFFERENTIAL MODE RANGES 791C 791KC
¢ THERMAL OVERLOAD PROTECTION
EQUIVALENT CIRCUIT COMPEI&I’SATION ‘g
2
4
—@—_ Q;, ay, e
7 Shia’ Qa1
3 ﬂ'
Vo ..—_-I: Qa4 QO
NON-INVERTING Rg Shu Rig
INPUT INVERTING \ L 7’ gz\l?;em
o I’E“ 5 G20 L‘(?zs Qa7 oquU;,-
™y K ‘/T Ro %’am : _I <~ o
r‘ ’ |/T ol THERMAL SHUTDOWN A1%eF " »
1
— 03 Ris -l_ [_J\N\,_.
Q4 ¢ l/flzs
Qg Q9 Q5 Qg Q30
ADoper
LKO;M Q7 Q23 fra
Ry Rg
° -~ &o

o
COMPENSATION

v—
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ uA791

ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Note 3)

Military (791) 22V

Commercial (791C) +18V
Peak Output Current (Note 3) 1.256 A
Continuous Internal Power Dissipation (Total Package) (Note 1) 15 W
Continuous Internal Power Dissipation (Per Qutput Transistor) (Note 1) 10W
Peak Internal Power Dissipation (Per Qutput Transistor for t < 5 seconds) 15W
Differential Input Voltage +30 V
Input Voltage (Note 2) +15V
Voltages between offset Null and V__ 05V
Operating Temperature Range

Military (791) —55°C to +125°C

Commercial (791C) 0°C to +70°C
Storage Temperature Range —65°C to +150°C
Lead Temperature (Soldering, 60 seconds max.) +280°C

NOTES

1. Rating applies for 25°C case temperature, maximum power dissipation and safe area limitations must be observed for case temperatures
above 25°C.

2. For supply voltages less than =15 V, the absolute maximum input voltage is equal to the supply voltage.
3. Under short circuit conditions, the safe operating area and dc power dissipation limitations must be observed.

115 VOLT OPERATION FOR 791
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise specified)

PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10 kQ 1.0 5.0 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 03 20 MQ
Offset Voltage Adjustment Rahge +15 mV
Input Voltage Range +12 +13 \"
Common Mode Rejection Ratio 70 dB
Power Supply Rejection Ratio 150 rV/IV
RL=1k& 50,000 VIV
Large Signal Voltage Gain RL=119 50,000 VIV
Rsc =0,RL =1kQ 112 14 A
Output Voltage Swing Rsc =0, RL = 1192 112 1122 v
Rgc =0.7Q2 1000 mA
Output Short Circuit Current Rgc = 1.50 500 mA
Supply Current (Zero Signal) 25 mA
The following specifications apply for -565°C < Tc < +125°C
Input Offset Voltage Rg < 10 kQ 6 mV
Input Offset Current 500 nA
Input Bias Current 1.5 uA
Common Mode Rejection Ratio 70 dB
Power Supply Rejection Ratio 150 uVvV/v
Rp =1kQ 25,000 V/V
Large Signal Voltage Gain RL=110 25,000 VIV
Rgc =0.RL =1k& £11.5 A
Output Voltage Swing
Rgc =0, R =11 £11.5 A
Supply Current (Zero Signal) 30 mA
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA791

FREQUENCY COMPENSATION

+15 V
? | GAIN c
) 10 uF SOLID TANTALUM C
\ ouTPUT COMTPENSATION 1 100 pF
NON—INVERTING 10 5 pF
i 0 OUTPUT 100 Not. Req.
INVERTING
INPUT Rsc v |SC
0.62 10A
10 uF SOLID TANTALUM 1.5Q 500 mA
i I 3.00 250 mA

NOTE
1. Power supply decoupling capacitors and compensation networks must have short leads and must be located at the amplifier pins.

+15 VOLT OPERATION FOR 791C

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise specified)

PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 10k&Q 20 6.0 mV
Input Offset Current . 20 200 nA
Input Bias Current 80 500 nA
{nput Resistance 0.3 1.0 MQ
Offset Voltage Adjustment Range +156 mV
Input Voltage Range +12 13 \%
Common Mode Rejection Ratio 70 dB
Power Supply Rejection Ratio 150 uv/Iv
i RL=1kQ 20k VIV

Large Signal Voltage Gain

RL=118 20k VIV

Rgc =0, RL =1k £11.5 14 \%
Output Voltage Swing Rgc=0,R_ =110 115 £12.2 v

Rsc = 0.7 1000 mA
Output Short Circuit Current Rsc = 156 500 . A
Supply Current (Zero Signal) 25 mA

The following specifications apply for 0°C < T < 70°C
Input Offset Voltage Rg < 10k& 7.5 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Common Mode Rejection Ratio 70 dB
Power Supply Rejection Ratio 150 wiv
. . RL=1k& 15k \70%

Large Signal Voltage Gain

RL=11Q 15k VIV

Rsc =0.RL =1k +£11.0 Y
Output Voltage Swing Rsc =0, RL = 110 1.0 v
Supply Current (Zero signal) 30 mA
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA791

TYPICAL PERFORMANCE CURVES FOR 791 AND 791C
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « uA791

SHORT CIRCUIT CURRENT — mA

Pp — POWER DISSIPATION — WATTS

TYPICAL PERFORMANCE CURVES FOR 791 AND 791C (Cont'd)
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FAIRCHILD LINEAR INTEGRATED CIRCUITS * uA791

TYPICAL APPLICATIONS

POSITIVE VOLTAGE REGULATOR

+30V
10k
20k 20k
AAA AAA
A\ A A4 A A4
¥ r_J
Pe 10 uF 390
3 20k -L 1 3
- 2 l
w sIN .0033 uF
1 159 Vout
——o
5 2 3
9
< < 0
>
4{20k r_.<; 100k 100 pF
NOTES:

0 to 27 V regulator
500 mA output current

DC SERVO AMPLIFIER

SIZE 8 OR 9 12 V—dc
SERVOMOTOR

5 k
—WWh
o—
VIN
Oy
1
AC SERVO AMPLIFIER
BRIDGE TYPE

c

VIN O—|
+28 V

30

: SERVOMOTOR
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101 - 201

GENERAL PURPOSE OPERATIONAL AMPLIFIERS

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION - The 101 and 201 are General Purpose monolithic Operational Ampli-
fiers constructed using the Fairchild Planar* epitaxial process. They are intended for a wide range of
analog applications where tailoring of frequency characteristics is desirable. The 101 and 201
compensate easily with a single external component. High common mode voltage range and absence
of “latch-up’ make the 101 and 201 ideal for use as voltage followers. The high gain and wide range
of operating voltages provide superior performance in integrator, summing amplifier, and general
feedback applications. The 101 and 201 are short-circuit protected and have the same pin con-
figuration as the popular uA741, uA748 and uA709.

SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY

LARGE COMMON-MODE AND DIFFERENTIAL VOLTAGE RANGES
LOW POWER CONSUMPTION

NO LATCH UP

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +22V
Internal Power Dissipation (Note 1)
Metal Can i 500 mW
DIP 670mwW
Differential Input Voltage +30V
Input Voltage {Note 2) +15V

Storage Temperature Range
Metal Can, DIP

Operating Temperature Range
Military (101)
Commercial (201)

—65°C to +150°C

—55°C to +125°C
0°C to +70°C

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)
PACKAGE OUTLINE 58

NON-INVERTING
INPUT

v-

NOTE: Pin 4 connected to case.

ORDER INFORMATION

TYPE PART NO.

101 LM101H
201 LM201H

Lead Temperature (Soldering, 60 seconds) 300°C
EQUIVALENT CIiRCUIT
Tcom NULL comp .
v
INVERTING INPUT — T D(;z
o—1 Q)
NON INVERTING INPUT + Q6
Q3 Q4 !
Ryp
250 | outPuT
Rio
500
9 Q9 |
% Ko
Qg ° Q0 1 o
R Re Ry
40kQ a0k 80kQ
Rg
1KQ v
4
2500 OFFSET NULL

14-LEAD DIP
(TOP VIEW)
PACKAGE OUTLINE 6A

U/
ne [ 14 Jnc
ne[]2 13 ] ne
OFFSET NULL FREQ. COMP.
(comp) g
4
INVERT InpUT [ v+
NON INVERTING 5 10 ouTPUT
INPUT -
v-Je o [ ] orFseT nuLL
ne []7 8 Fl Ne

ORDER INFORMATION

TYPE PART NO.
101 LM101D
201 LM201D

Notes on following pages
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « 101 « 201

ELECTRICAL CHARACTERISTICS FOR 101 (£5.0V < Vg < £20V, Tp = 25°C, Cq = 30pF unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg < 10kQ 1.0 5.0 mV
Input Offset Current 40 200 nA
Input Bias Current 120 500 nA
Input Resistance 300 800 k&
Supply Current Vg = £20V 1.8 3.0 mA
Vg =+15V
Large Signal Voltage Gain VouT = £10V, Ry > 2k8 50 160 V/mV
The following specifications apply for —66°C < Ta < +125°C:
Input Offset Voltage Rg < 10kQ 6.0 mV
Average Temperature Coefficient Rs < 5092 3.0 uv/eC
of Input Offset Voltage Rs < 10k 6.0 uVv/eC
Ta=+125°C 10 200 nA
Input Offset Current Ta=_55°C 700 500 oA
Average Temperature Coefficient +25°C< Tp < +125°C 0.01 0.1 nA/°C
of Input Offset Current —B5°C < Tp < +25°C 0.02 0.2 nA/°C
Input Bias Current Ta=-55°C 0.28 1.5 kA
Supply Current Ta =+125°C, Vg = 20V 1.2 25 mA
Large Signal Voltage Gain \R/i ;1-21:,;2/, Vour = 10V 25 V/imV
Ry =10k& 12 14 \"
Output Voltage Swing Vg =15V RL=2kO 110 113 v
Input Voltage Range Vg =x15V +12 \%
Common Mode Rejection Ratio Rg < 10kQ 70 90 dB
Supply Voltage Rejection Ratio Rg < 10kQ 70 90 dB

NOTES

1. Rating applies to ambient temperature up to 70°C. Above 70°C ambient derate linearty at 6.3mW/°C for the Metal Can and 8.3mW/°C

for the DIP.

2. For supply voitages less than £15V, the absolute maximum input voltage is equal to the supply voltage.
3. Short circuit may be to ground or either supplyc.) The 101 ratings apply to +1 25°C case temperature or +75°C ambient temperature. The
201 ratings apply to case temperatures up to +70 C.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS « 101 « 201

ELECTRICAL CHARACTERISTICS FOR 201 (+5.0V < Vg < +156V, Tp = 25°C, C1 = 30pF unless otherwise specified)

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Input Offset Voltage Rg <10k 2.0 75 mV
Input Offset Current 100 500 nA
Input Bias Current 0.25 1.5 LA
Input Resistance 100 400 k2
Supply Current Vg =t15V 1.8 3.0 mA
Vg = 15V
Large Signal Voltage Gain VoUT = £10V, R > 2kQ 20 150 v/imv
The following specifications apply for 0°C < Tp < 70°C:
Input Offset Voltage Rg < 10k 10 mV
Average Temperature Coefficient Rs < 502 6.0 uv/°C
of Input Offset Voltage Rg < 10kQ 10.0 uVv/eC
Ta=70°C 50 400 nA
Input Offset Current TA=0°C 150 750 vy
Average Temperature Coefficient 25°C < Tp < 70°C 0.01 0.3 nA/°C
of Input Offset Current 0°C<Ta <25°C 0.02 0.6 nA/°C
Input Bias Current Ta=0°C 0.32 20 uA
Large Signal Voltage Gain :i :21 :S\; »Vour = +10V 15 V/mv
R =10k 12 +14 \%
Output Voltage Swing Vg =115V RL -2k 110 113 v
Input Voltage Range Vg =15V 12 \%
Common Mode Rejection Ratio Rs < 10k 65 90 dB
Supply Voltage Rejection Ratio Rg < 10k 70 20 dB
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101A- 201A-301A
GENERAL PURPOSE OPERATIONAL AMPLIFIERS

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The 101A, 201A and 301A are General Purpose monolithic Operational
Amplifiers constructed using the Fairchild Planar* epitaxial process. These integrated circuits are
intended for applications requiring low input offset voltage or low input offset current. The accuracy
of long interval integrators, timers and sample and hold circuits is improved due to the low drift and
low bias currents of the 101A, 201A, or 301A. Frequency response may be matched to the individual

CONNECTION DIAGRAMS
8-LEAD METAL CAN
(TOP VIEW)

PACKAGE OUTLINE 5B

COMPENSATION

circuit need with one external capacitor. The absence of “/latch-up’’ coupled with internal short circuit Ol
protection make the 101A, 201A and 301A virtually foolproof. The 101A, 201A and 301A are pin OFFSET NULL v*
compatible with the popular uA709, uA741, uA748 and uA777. INVERTING () } & outeur
e LOWOFFSET CURRENT AND VOLTAGE NON"I"‘\‘,‘;S.';T‘NG O A (D OFFSET NULL
e LOW OFFSET CURRENT DRIFT -
e LOW BIAS CURRENT NOTE: PIN CONNECTED TO CASE
e SHORT CIRCUIT PROTECTED oegER INFORMATION
e LOW POWER CONSUMPTION e oA
ABSOLUTE MAXIMUM RATINGS 018 VAN
Supply Voltage
Military and Instrument (101A and 201A) 22V ‘l(#.ésﬁ/?Ew)P
Commercial (301A) +18V PACKAGE OUTLINE 6A
Internal Power Dissipation (Note 1)
Metal Can 500 mW
DIP 670mwW
Flatpak 570 mw
Mini DIP 310mw
Differential Input Voltage +30V
Input Voltage (Note 2) +15V

ORDER INFORMATION

Storage Temperature Range

Metal C:n, DIP, and Flatpak —65°C to +150°C by t:‘,,':é}':%
Mini DI —55°C to +125°C 201A LM201A
i LM301AD
Operating Temperature Range 3014
Military (101A) —55°C to +125°C 10-LEAD FLATPACK
Instrument (201A) —25°C to +85°C (TOP VIEW)
Commercial (301A) 0°C to +70°C PACKAGE OUTLINE 3F
Lead Temperature (Soldering) ne i@ 10—,
Metal Can, DIP and Flatpak (60 seconds) 300°C e 23;},1:5 sl——1Req. comp
Mini DIP {10 seconds) 260°C '“&E)ZTJSCSE&”TTSS':M:W
. . . .. i — [—Jourput
Output Short Circuit Duration (Note 3) Indefinite mewr . . OFFSET
- —3 oLt
EQUIVALENT CIRCUIT TCOMP NULL comp " Available on special request
INVERTING INPUT — ] ‘/TQ ! ORDER INFORMATION
2 TYPE PART NO.
Q
NON-INVERTING |NPUT°*_ o ! ;g:ﬁ tm;g:ﬁﬁ
3 Q4
8-LEAD MINIDIP
oUTPUT {TOP VIEW)
PACKAGE OUTLINE 9T
o | % i owey =t 4 Cowe
Q5 %6 Qg X INVERT INPUT ;: v+
@2z o o N o oureur
LI = : | V- " sy grrser
L, 55 re ) ORDER INFORMATION
- v TYPE PART NO.
301A LM301AN
OFFSET NULL

"Notes on page 3 *Ptanar is a patented Fairchild process.
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FAIRCHILD LINEAR INTEGRATED CIRCUITS ¢ 101A ¢ 201A @ 301A

ELECTRICAL CHARACTERISTICS FOR 101A and 201A (+5.0V < Vg < £20V, Tp = 25°C, Cq = 30pF unless otherwise specified)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Rg < 10kQ 0.7 20 mV
Input Offset Current 1.5 10 nA
Input Bias Current 30 75 nA
Input Resistance 1.5 4.0 MQ
Supply Current Vg =120V 1.8 3.0 mA
Vg =+16V
Large Signal Voltage Gain VouT = £10V, R > 2kQ 50 160 V/mV
The following specifications apply for —565°C < Tp < +125°C: (Note 4)
Input Offset Voltage Rg < 10k 3.0 mV
B s st s | s | e
Input Offset Current 20 nA
Average Temperature Coefficient +25°C < Tp <+125°C 0.01 0.1 nA/°C
of Input Offset Current —B5°C < Tp < +25°C 0.02 0.2 nA/°C
Input Bias Current 100 nA
Supply Current Ta =+125°C, Vg = 20V 1.2 25 mA
Large Signal Voltage Gain Xi ;t;:;/' Vout = =10V 25 V/mV
Output Voltage Swing Vg =+15V, AL i 10k 12 14 v
RL = 2kQ +10 £13 Y,
Input Voltage Range Vg =120V 15 \
Common Mode Rejection Ratio Rg < 10kQ 80 96 dB
Supply Voltage Rejection Ratio Rg < 10kQ 80 96 dB

GUARANTEED PERFORMANCE CURVES FOR 101A AND 201A

INPUT VOLTAGE RANGE

VS. SUPPLY
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&

é‘,@*
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OUTPUT SWING VS. SUPPLY

20

Q¢

o

R\

o
w0 M
<&

N
S
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70
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o
-

!

556 < Ty s 157

5 10 5 20
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e 101A ¢ 201A @ 301A

ELECTRICAL CHARACTERISTICS FOR 301A (+5.0V < Vg < 15V, Ta = 25°C, C1 = 30pF unless otherwise specified)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Rg < 10kQ 20 7.5 mV
Input Offset Current 3 50 nA
Ianut Bias Current 70 250 nA
Input Resistance 0.5 2 M
Supply Current Vg =15V 1.8 3.0 mA
Vg =+15V
Large Signal Voltage Gain VoUT = £10V, R > 2k&2 25 160 VimVv
The following specifications apply for 0°C < Ta < 70°C:

Input Offset Voltage Rg < 10kQ 10 mV
of Input Offsec valtage 6.0 30 wviec
Input Offset Current 70 nA
Average Temperature Coefficient 25°C<Tp <70°C 0.01 0.3 nA/°C
of Input Offset Current 0°C < Tp <25°C 0.02 0.6 nA/°C
Input Bias Current 300 nA
Large Signal Voltage Gain :i :21 f;: Vour = =10V 15 v/mv
Output Voltage Swing Vg = 115V,RL - 10k =12 =14 v

R =2k £10 13 Vv
Input Voltage Range Vg =115V +12 .
Common Mode Rejection Ratio Rg < 10kQ 70 90 dB
Supply Voltage Rejection Ratio Rg < 10k 70 90 dB

NOTES:

(1) Rating applies to ambient temperature up to 70°C. Above 70° C ambient derate linearly at 6.3 mW/°C for the Metal Can, 8.3 mW/°C for
the DIP, 5.6 mW/°C for the Mini DIP and 7.1 mW/°C for the Flatpak.
(2) For supply voltages less than t15 V, the absolute maximum input voltage is equal to the supply voltage.

(3) Short circuit may be to ground or either supply.101A and 201A ratings apply to +125°C case temperature or +75°C ambient tem perature.

301A ratings apply for case temperatures to 70°C.

(4) All 201A specifications apply for -26°C < Ta < +85°C unless otherwise specified.

GUARANTEED PERFORMANCE CURVES FOR 301A

INPUT VOLTAGE RANGE
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£
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£
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e 101A ¢ 201A @ 301A

VOLTAGE GAIN - dB

MEAN SQUARE NOISE VOLTAGE - Vi

COMMON MODE REJECTION - dB

TYPICAL PERFORMANCE CURVES FOR 101A, 201A AND 301A (Unless Otherwise Specified)

INPUT CURRENT INPUT CURRENT
VOLTAGE GAIN 101A AND 201A 301A
120 50 100
2 80 ]
3 BIA P BIAS]——]
110 A" 55°C [~ M
2 » = “
Ty = 5°C o :
' 5 g
100 £ 0 g o
3 - - 2 ~= ~
5 4 5 )
=] 9, o a.
I A" £, :
% INoFFseT]
z 1] = OFFSET
1 2
80 o) 0
5 10 15 2 o500 % 0 % 50 75 100 1% 0 ) @ ) 30
SUPPLY VOLTAGE - £V TEMPERATURE - °C TEMPERATURE - °C
SUPPLY CURRENT CURRENT LIMITING
25 5
T
) ] VgrtIsV
- N
20 Ty -55°C
E 1 ;
: e z o oY
Z 15 ' w b 3
& ] - > i3
g H % 1<
=) [ — o
> e P
10 s 2
2 3 5
0.5
0 0
5 10 15 2 0 5 L
SUPPLY VOLTAGE - +V OUTPUT CURRENT - mA
INPUT NOISE CURRENT INPUT NOISE CURRENT
INPUT NOISE VOLTAGE 101A AND 201A 301A
w?® w ]
N
AN
2 ES
&% 5
= =
N g -
N{ 3 5 N
o © N
g0 ~ % 105
T4~ 25°C g
e \
T — = <
S g g
= il N
é N =<
™~ H
1018 02 1072
10 100 1k 10k 100k 10 100 1k 10k 100k 10 100 1K 10k 100
FREQUENCY - Hz FREQUENCY - Hz FREQUENCY - Hz
COMMON MODE POWER SUPPLY CLOSED LOOP OUTPUT
REJECTION REJECTION IMPEDANCE
120 100
Rg " 12 100 f——
| Tp =5
] A AN 10?2
10 % " Ay - 1000 a
3 : 2 RS %
e
8 ™ g s oz g /
g %, \<x g Al
& <, \ H
NV o py <% 10V —] > 4 =
60 cmst = 2 5
o g E ! SINGLE POLE  _|
2 3 COMPENSATION
b BT ane
“ | CompensaTion 1072 Ta=®C |
€)= 3 oyt = *5mA
VemStIV Ty = 5°C
2 L ! ! "
10 100 1k 10k 100k i 0 10 1k lk 100k 1M lom L™ 100 « 10k 100k M

FREQUENCY - Hz

FREQUENCY - Hz

FREQUENCY - Hz

3-112




FAIRCHILD LINEAR INTEGRATED CIRCUITS e 101A ¢ 201A ¢ 301A

TYPICAL PERFORMANCE CURVES FOR 101A, 201A AND 301A

OPEN LOOP FREQUENCY

OPEN LOOP FREQUENCY

OPEN LOOP FREQUENCY
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(All pin numbers shown refer to 8 pin TO-5 package)
SINGLE POLE COMPENSATION

Vour

TWO POLE COMPENSATION
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Cp=10Cq 10k
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3-113



FAIRCHILD LINEAR INTEGRATED CIRCUITS ® 101A ¢ 201A @ 301A

TYPICAL APPLICATIONS

(AH pin numbers shown refer to 8 pin TO-5 package)

FAST VOLTAGE FOLLOWER

13 ZVOUT

300pF

C Ry
30pF 10KQ

Power Bandwidth: 15 kHz
Slew Rate: 1V/lis

VOLTAGE COMPARATOR FOR
DRIVING DTLOR TTL
INTEGRATED CIRCUITS

INVERTING AMPLIFIER
~WITH BALANCING CIRCUIT

T May be zero’or equal to parallel combination
of R1 and R2 for minimum offset.

INPUTS

MULTIPLE APERTURE
WINDOW DISCRIMINATOR

FAST SUMMING AMPLIFIER

C2
3pF
{l—
1T
Rz,spm
R|
Ok
o2, 1 2
& v,
101A —o VouT
3+
I
¢
I
150 pF

Power Bandwidth: 260 kHz
Small Signal Bandwidth: 3.5 MHz
Slew Rate: 10V/Us

V), © +
IN
101A Vn> Y
vgo—1-
Q :l
10tA __°V3<V|N<V4
Vg o—-
o | ——
+
101A —oVa<ViN< V3
Vpo—1=
8y b
I01A Vin>Y
Vjo—1-

BILATERAL CURRENT SOURCE

R
100kQ

R3 Vin
Rq Rg

tout=

R3 = R4+ Rg
Ry =Ry
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FAIRCHILD LINEAR INTEGRATED CIRCUITS e 101A @ 201A @ 301A

TYPICAL APPLICATIONS (CON'D)
(All pin numbers shown refer to 8 pin TO-5 package)

LOW FREQUENCY SQUARE WAVE
GENERATOR

LOW IMPEDANCE
OUTPUT

CLAMPED
OUTPUT

DI, 6.2V
D2,6.2v

* Adjust Cq for frequency

DOUBLE ENDED LIMIT DETECTOR

vt

VouT = 4.6V FOR V| < VN <Vu
VouT =0VFOR viy< V| OR VN < vy

PRACTICAL DIFFERENTIATOR

C2
11
"
A
R
R G
Vino vl
__1
€ 2MRyCq
- __1_
" 2mRy ¢ Rs
o =
2R, Cy

fe <fh <funity gain

CIRCUIT FOR OPERATING
WITHOUT A NEGATIVE SUPPLY

R R2

AAA

AA
VVWV— VW

+20V

VIN

+I0V

FREE-RUNNING MULTIVIBRATOR

oVout

*Chosen for oscillation at 100 Hz

PULSE WIDTH MODULATOR

R|
Vin, 190k
tsvo—'\rv Vv

L oVout

DI, 6.2V
D2,6.2V

GAIN TEST CIRCUIT

VOUT [ VWA
DIGITAL

5om§:/2 1000
1kQ I
AA——-8< 101

3

D.C. INPUT
(£I0V FOR
Vg=%15v)

500
AMA—oVIN

io.ﬂ,; F

VOLTMETER

kDS 5+0.5pF
1 30pF,5.0%

0.02uF

1HH

TOLERANCE OF ALL UNMARKED
RESISTORS IS 1%

Vin X 103
Ayo = " =
%0 ouT

10 X 103

FOR 10V INPUT
VouT
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