OP-77

OP-77
Precision Operational Amplifier

Description Features

Ultra high gain - 12000 V/mV
Outstanding gain linearity

Ultra low Vg drift— 0.1 uV/'C
Low Vg — 10 pV max

Low noise — 0.3 uvp (0.1 Hz to 10 Hz)
Low power consumption — 35 mW
Low input offset current — 0.3 nA
High CMRR ~ 140 dB min

High PSRR - 120 dB min
Replaces OP-07, 108, 741 types
Wide range of package types

Designed to upgrade OP-07 and other similar
precision op amps, the OP-77 offers ultra high
performance in applications requiring high gain,
superior gain-linearity, and extremely low TCVqg.
The OP-77's outstanding gain-linearity, which
eliminates incorrectable system nonlinearities
common in previous precision op amps, is achieved
by an exceptional open-loop gain of more than 10
million maintained over £10V output range. The
excellent TCVag of 0.1 uV/°C, plus an extremely low
power consumption of 35 mW (which reduces warm-
up drift ) significantly increases system accuracy over
temperature. These characteristics, along with low
Vos, low lgg, high CMRR, high PSRR, and low input
noise levels, combine to raise the performance level
of many high-resolution instrumentation and data
conversion systems.

Advanced circuit design and wafer processing are
Raytheon Semiconductor's added advantages in
quality and refiability. A patented, proprietary Vog
trimming method after packaging significantly
enhances yield and availability of top grade (A/E)
devices.
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OP-77

Ordering Information

Connection Information

Operating To-sg- I';l.::l C Dual ln-sl:l';i?gackage
[ an
Part Number Package Temagir;ure (Top View) (Top View)
7
OP-77EN N 0°C 1o +70°C G © 8
OP-77FN N 0'Cto +70°C 5 7]
OP-77GN N 0°Cto +70°C
OP-77EM M 0°C to +70°C E:[>L§l
OP-77FM M 0°Cto+70°C @ 5)
OP-77GM M 0'Cto+70°C
85-03208A
OP-77AT T -55'Cto +125°C
OP-77AT/883B T 55°C to +125°C 8-Lead Plastic Pin Function
OP-77BT T 55'C o +125°C Dual In-LII':IO S0-8 1 Vog Trim
OP-77BT/883B T 55°C to +125°C (Top View) 2 nput
OP-77AD D -55'C to +125°C K1 e) ] 3 +nput
OP-77AD/883B D -55°C to +125°C Z] 7] 4 Vg
OP-77BD D -55°C 1o +125°C @ 5 5 NC
OP-77BD/883B D 55'C to +125°C o 6 Output
7 +VS
Notes: €5-02668 8 VOS Trim
/8838 suffix denotes Mil-Std-883, Level B processing

N = 8-lead plastic DIP

D = 8 lead ceramic DIP

T = 8-lead metal can (TO-99)
M = 8-lead plastic SOIC

3-526 Raytheon Semiconductor For Mare Information, call 1-800-722-7074.



OP-77

Absolute Maximum Ratings
Supply Voltage .....oicercsensersans

input Voltage!

Differential Input Voltage ........ccoeerveneine
Internal Power Dissipation2...................

Output Short Circuit Duration
Storage Temperature

Range .....ceeeevveninrcneersrarenenns

Operating Temperature Range
OP77AB
OP77EFG ...

Lead Soldering Temperature

TO-99, DIP, (60 S8C) ...oveeceererernrirnrennae
SO-8 (10 SEC) wuvcvreerrereerrecrcarnereraneenens

Notes:

..................

-55°'Cto +125°C
0'Cto +70°C

1. For supply vollages less than 122V, the absolute maximum

input voltage is equal to the supply voltage.
2. Observe package thermal characteristics.

Thermal Characteristics

8-Lead 8-Lead
8-Lead TO-99 Small 8-Lead

Ceramic DIP | Metal Can Outline Plastic DIP
Max. Junction Temp. +175°C +175°C +125°C +125°C
Max. Pp T5 <50°C 833 mwW 658 mwW 300 mwW 468 mwW
Therm. Res 8¢ 45°C/W 50C/W - -
Therm. Res. 6 150°C/W 190°C/W 240°C/W 160°C/W
For T >50°C Derate at 8.33mW/'C |5.26 mW/'C | 4.17 mW/C | 6.25 mW/C

For More Information, call 1-800-722-7074.
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OP-77

Electrical Characteristics
(Vg = 215V and T4 = +25°C unless otherwise noted)

OP-77A OP-77B
Parameters Tast Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage® $0 | 25 320 | 60 | pw
Long Term Vg Stability! 0.2 0.2 VMo
Input Offset Current #.3 | #1.5 #03 | 2.8 nA
Input Bias Current #.2 | 120 H.2 | 28 nA
Input Noise Voltage® 0.1 Hz 10 10 Hz 035 | 06 035 | 065 |uVpp
Fo=10Hz 103 | 18 103 | 18
Input Noise Voltage Density? Fo=100Hz 10 13 10 13 | nv
Fo = 1000 Hz 96 [ 1 96 | 11 | Hz
Input Noise Current® 0.1 Hz10 10 Hz 14 | 30 14 | 35 [pA,,
Fo=10Hz 032 | 08 032 | 08
Input Noise Current Density5 Fo = 100 Hz 0.44 | 0.23 014 | 023 | pA
Fo = 1000 Hz 012 | 047 012 | 047 | iz
Input Resistance (Diff. Mode)? 26 45 185 [ 45 MQ
Input Resistance (Com. Mode) 200 200 GQ
input Vottage Range® 3 | 14 #H3 | 14 v
Common Mode Rejection Ratio [ Vg =11V 120 | 140 116 | 140 dB
Power Supply Rejection Ratio Vg =13V o 18V 110 120 110 120 dB
Large Signal Voftage Gain R 22kQ, 5000 | 12000 2000 | 8000 VimV
VOUT =310V
Ry 210kQ, #3 | 2135 13 | $135
Output Voltage Swing R 22k, #25 | #3 25| 13 v
R 21kQ, 2 | £125 #2 | #1125
Slew Rate? R 22kQ, 01 | 02 01 | o2 VS
Closed Loop Bandwidth® Aygl =+1.0 04 | 06 04 | 06 MHz
Open Loop Output Resistance Vour=0.loyr =0 60 60 Q
Power Consumption Vg =115V, R = 35 60 35 60 mw
Vg=13V, R =0 20 | 45 20 | 45
Offset Adjustment Range Rrpiq = 20kQ 135 135 mv
Notes:

1.

aa LN

Long Term Input Offset Voltage Stability refers to the average trend line of Vg vs. Time over extended periods after the first 30 days of operation.
Excluding the initial hour of operation, changes in Vg during the first 30 operating days are typically 2.5 uv.

Guaranteed by design.

Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power. The OP-77A
grade in T, D, and L packages are tested fully warmed up.
The input protaction diodes do not allow the device to be removed or inserted into the circuit without first removing power.

Sample tested.

3-528
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Electrical Characteristics
(Vg =+15V and Ty, = +25°C unless otherwise noted)
P-77E OP-77F P-77G
Parameters Test Conditions Min | Typ [Max [Min [ Typ [Max |[Min {Typ |Max | Units
Input Ofiset Voltage® 10 [425 120 [ 160 450 [+100 | v
Long Term Input 0.3 0.4 0.4 HV/Mo
Ofiset Voltage Stability!
Input Offset Current 0.3 |#15 .3 (2.8 0.3 |28 | nA
Input Bias Current +1.2 [#2.0 1.2 [$2.8 .2 [+28 nA
input Noise Vottage® 0.1 Hz 10 10 Hz 0.35 | 0.6 0.38 [0.65 0.38 [0.65 | pV,,
Fq =10Hz 10.3 | 18 105 | 20 105 | 20
Input Noise Voltage Fo =100 Hz 10 |18 10.2 [13.5 102 (135 | nv
Density® Fo = 1000 Hz 96 | 11 98 [115 9.8 [11.5 | Wz
Input Noise Current5 0.1 Hzto 10 Hz 14 |30 15 | 35 15 (35 | pA,
Fo =10Hz 032 |08 0.35 [ 09 035 (09 |
Input Noise Current Fo =100 Hz 0.14 [0.23 0.15 [0.27 0.15 (027 | pA
Density5 Fo = 1000 Hz 0.2 (047 0.13 |0.18 0.13 [0.18 | VHz
Input Resistance 26 | 45 185 | 45 185 | 45 MQ
(Diff. Mode)
Input Resistance 200 200 200 GQ
(Com. Mode}
Input Vottage Range* +13 | +14 13 | 14 3 |+14 v
Common Mode Vo =113V 120 | 140 116 | 140 118 | 140 dB
_ Rejection Ratio
Power Supply Vg =13Vio £18V 110 | 123 110 | 123 110 |123 dB
_ Rejection Ratio
Large Signal Vottage Gain | R 22k, 5000 {12000 2000 | 6000 2000 6000 Vimv
VOUT =0V
R 210kQ 13 [+135 £13 [+13.5 +13 {135
Output Voltage Swing R 22kQ +12.5| +13 125 £13 H12.5 [ +13 v
R 21kQ 2 (1125 12 (1125 #12 125
Slew Rate? R 22kQ 0.1 ] 02 04 ] 02 01 |02 VS
Closed-Loop Bandwidth? | Aygy =+1.0 04| 06 04 | 06 04 |06 MHz
Open Loop Output Vour=0.loyr=0 €0 60 €0 Q
Resistance
Power Consumption Vg=115V,R| == 35 |60 35 | 60 35 |60 | mW
Vg =13V, R =oo 20 [45 20 [45 20 [45
Offset Adjustment Range | Rygjy =20 kQ 135 135 13.5 mv
Notes:

1. Long Term Input Offset Voitage Stability refers to the average trend lins of Vg vs. Time over extended periods after the first 30 days of
operation. Excluding the initial hour of operation, changes in Vyg during the first 30 operating days are typically 2.5 uV.

Guaranteed by design.
3. Input Offset Voltage meast

are perf

The OP-77E grade on T, D, and L packages are tested fully warmed up.
4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.

5. Sample tested.

For More Information, call 1-800-722-7074.
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d by automated test equipment approximately 0.5 seconds after application of power.
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OP-77

Electrical Characteristics
(Vg =115V, -55'C < Ty <+125°C unless otherwise noted)

OP-77A OP-778
Parameters Test Conditions Min Typ | Max | Min Typ | Max | Uniis
Input Offset Voltage 25 60 H5 | +120 Ny
Average Input Offset 0.1 03 0.2 06 | uvre
Vottage Drift!
Input Offset Current 08 | 22 #.0 | #45 nA
Average Input Offset 50| 125 5.0 | 150 | pA°C
Current Drift2
Input Bias Current 24 H40 24| 60 nA
Average Input Bias 8.0 | 125 5 | 435 | pAC
Current Drift2
Input Voltage Range 3| #35 + +13.5 v
Common Mode Rejection Ratio | Vo =£10V 120 | 140 110 | 140 a8
Power Supply Rejection Ratio Vg =13Vio 8V 110 120 106 120 dB
Large Signal Voltage Gain R 22kQ 2000| 6000 1000 | 4000 VimV
Voyr =10V
Maximum Output Voltage Ry 22kQ, 2 +13 +2 +13 v
Swing
Pawer Consumption Ry = o 40 75 40 75 mw
Electrical Characteristics
(Vg =115V, 0°C < T, <+70°C unless otherwise noted)
P-77E OP-77 P-77G
—Parameters Test Conditions | Min | Max { Min | Typ | Max | Min | | Max | Units
Input Offset Voltage 0 | H45 20 | +100 480 | £100 nv
Average Input Offset 01| 03 02| 08 03] 1.2 | pvrC
Voltage Drift
Input Offset Current 05| 122 H)5( 45 H.5] 45 nA
Average Input Offset 5| H40 H.5| 485 15| 85 | pA~C
Current Drift2
Input Bias Current 24| 40 #2460 24| 160 | nA
Average Input Bias 18 | #0 +15 | 160 5| 160 | pA°C
Current Dritt2
Input Voltage Range +13 [+135 +13 [ £13.5 +13| +13. v
Common Mode Rejection | Vg =413V 120 | 140 110 | 140 110 140 ds
Ratio
Power Supply Rejection Vg =#3Vio +18V 110 | 120 106 120 106| 120 dB
Ratio
Large Signal Voltage Gain| R 22k, 2000 | 6000 1000] 4000 1000( 4000 Vimv
Voyr =310V
Output Voltage Swing R 22kQ +12 | 13 2| #13 +12| +13 \
Power Consumption RL= e 40| 75 40 | 75 40| 75 mw

Notes: 1. 100% tested for Grade A and T packages.
2. Sample tested.

3-530 Raytheon Semiconductor For More Information, call 1-800-722-7074.



OP-77

Typical Performance Characteristics

OP-77 Improved Open-Loop Gain Linearity Typical Precision Op Amp Gain Linearity
Input vs. Output Voltage Import vs. Output Voltage
el /\ JRTIY
Nz
z .1?\,\ \u ?v >z -10v \+\}ov
| Ta =+25°C ] A
Ro=2k0
Vg =5V = ©
= -apv g -15 pv 3
3
v,
our VOU‘I'
R1
+15V
N7 +15V
]
S op.77 0 Vour
sl+
2
Ra Vin O—
50K" 45V Vour
+Viy O 3
= Vour = 1000 Vog
* Resistors must have low -15v 65-3822
thermoelectric potential 65-03821
Test Circuit for Input Offset Voltage and Input Offset Voltage Adjustment
lts Drift with Temperature
0.1 pF
[§1
M
100
a2 Scape

x1
VVV | i Ry =1M
2.2;1(-':[ 110K

Notes: L
1. Peak-to-Peak noise measured in a 10-second interval. = 65-035238
2. The device under test should be d up for 3 mi and shielded from air

3. Voltage Gain = 50,000
4. Al capacitor values are for non-polarized capacitors only.
5. Pin numbers shown are for 8-lead packages.

0.1 Hz to 10 Hz Noise Test Circuit

For More Information, call 1-800-722-7074. Raytheon Semiconductor 3-531



OP-77

Typical Applications

'_OVQJT

0 <Vgyr <10V

RT3 - -15V
The high gain and low TCVg assure accurate operation with inputs from microvolts to volts. In this ~ 85-4017
circuit, the signal always appears as a common-mode signal to the op amps. The OP-77E CMRR of 1
UV assures errors of less than 2 ppm.
Precision Absolute Value Amplifier
Positive Current Sink
+Vsg
R
i
[—© Vour =10V 2 1RF520
e R2
>
> 3.6K
1N4570A oy = N
S +5% f D1 R1 OUT T TR
+5ppv e Lo :‘2 Vin >0V
= < 64K Full Scale of 1V
< 5 =
= l=1AN
__.L Ay =18
= 654018 Positive Current Source
This simple bootstrapped voltage reference provides a A1
precise 10V virtually independent of changes in power vV I
supply voltage, ambient temperature and output 3 =
loading. Correct zener operating current of exactly 2 s 200Q 1RFS20
mA is maintained by R1, a selected 5 ppm/°C resistor, 2 °
connected to the regulated output. Accuracy is Vin O * lour
primarily determined by three factors: the § ppm/'C
temperature coefficient of D1, 1 ppm/ C ratio tracking Ry lout = i
of R2 and R3, and operational amplifier Vg errors. R1
- VN <0V
Vg errors, ampIqu b.y‘ 1.6 (AVCL)' appear a? tI]e Vg
output and can be significant with most monolithic 654019

amplifiers. For example: an ordinary amplifier with
TCVqg of 5 uVrC contributes 0.8 ppm/'C of output
error while the OP-77, with TCVgg of 0.3 uV/°C,
contributes but 0.05 ppm/ G of output error, thus
effectively eliminating TCVg as an error consider-
ation.

High Stability Voltage Reference

3-532

Raytheon Semiconductor

This simple high current sink/source requires that the load
float between the power supply and the sink/sources.

In these circuits, the OP-77's high gain, high CMRR, and low
TCVog assure high accuracy.

Precision Current Sinks

For More Information, call 1-800-722-7074.
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Simplified Schematic Diagram
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