ANALOG
DEVICES

Ultra-Precision
Operational Amplifier

0P177

FEATURES

* Ultra-Low Offset Volitage

- T,=25°C 10pV Max
-55°C < T, <125°C 20pV Max

* Outstanding Offset Voltage Drift ................
* Excellent Open-Loop Gain and

0.1uV/°C Max

Gain Linearity 12V /uV Typ
*« CMRR........ 130dB Min
* PSRR 120dB Min
o Low Supply Current ..o 2.0 mA Max

Fits Industry Standard Precision Op Amp Sockets
(OP07/0P77)

ORDERING INFORMATION '
PACKAGE

OPERATING
CERDIP PLASTIC LCC ile] TEMPERATURE
8-PIN 8-PIN 20-PIN 8-PIN RANGE
OP177AZ" - - - MiIL
oP177BZ* - OP177BRC/883 - MiL
OP177EZ - - - XIND
OP177FZ OP177FP - - XIND
OP177GZ OP177GP - OP177GS XIND
MiL = -55°C to +125°C XIND = —40°C to +85°C

*  Fordevices processed in total compliance to MiL-STD-883, add /883 after part
number. Consult factory for 883 data sheet.

t Burn-in is available on commercial and industrial temperature range parts in
cerDIP, plastic DIP, and TO-can packages.

GENERAL DESCRIPTION

The OP-177 features the highest precision performance of any
op amp currently available. Offset voltage of the OP-177 is only
10uV MAX at room temperature and 20uV MAX over the full
military temperature range of —55°C to +125°C. The ultra-low
Vg 0f the OP-177, combines with its exceptional offset voltage

PIN CONNECTIONS
Vos TAIM [1 ] (6] Vos TRIM .
N [Z] Ve
+IN [3] [6] out
v- [5]Ne

EPOXY MINI-DIP

(P-Suffix)

8-PIN HERMETIC DIP
(Z-Suttix) OP-177BRC/883
8-PIN SO Lce
(S-Suffix) (RC-Suffix)

drift (TCV ) of 0.1uV/°C MAX, to eliminate the need for exter-
nal V¢ adjustment and increases system accuracy over tem-
perature.

The OP-177's open-loop gain of 12V/pV is maintained over the
full £10V output range. CMRR of 130dB MIN, PSRR of 120dB
MIN, and maximum supply current of 2mA are just a few ex-
amples of the excellent performance of this operational ampli-
fier. The OP-177's combination of outstanding specifications
insure accurate performance in high closed-loop gain applica-
tions.

This low noise bipolar input op amp is also a cost effective alter-
native to chopper-stabilized amplifiers. The OP-177 provides
chopper-type performance without the usual problems of high
noise, low frequency chopper spikes, large physical size, lim-
ited common-mode input voltage range, and bulky external
storage capacitors.
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This is an abridged data sheet. To obtain the most recent version or
complete data sheet, call our fax retrieval system at 1-800-446-6212.
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GENERAL DESCRIPTION Continued

Operating Temperature Range

The OP-177 is offered in both the -55°C to +125°C miilitary, and OP-177A, OP-177B ......cc.civerirenrrceeeneannn -55°C to +125°C
the —40°C to +85°C extended industrial temperature ranges. OP-177E, OP-177F, OP-177G . —40°C to +85°C
This product is available in 8-pin ceramic and epoxy DIPs, as Lead Temperature Range (Soldering, 60 T 10) RN 300°C
well as the space saving 8-pin Small-Outline (SO) and the Junction Temperature (T’.) ....... vrreseeesrnanreraaens -65°C to +150°C
Leadless Chip Carrier (LCC) packages.
PACKAGE TYPE el‘ (NOTE 2) Olc UNITS
8-Pin Hermetic DIP (2) 148 16 °C/W
ABSObU;rE MAXIMUM RATINGS oy, 8-Pin Plastic DIP (P)_ 103 43 *CW
Supply Voltage . E 20-Contact LCC (RC) 98 38 ‘cw
Differential Input Voltage . . 30V 8PS0 (S) 158 a oW
input Voltage (Note 1) e 222V
Output Short-Circuit Duration ...........cceevceveerirerennne Indefinite :‘OTFE: v voltaas fess than +22V. the absolule maximum inout voltage
Storage Temperature Range ) oq u;“t';ptxe su::l;svohage.a *22V, 1he ansolu imum input valtage is
Z and RC Packages ... .. ~65°C to +150°C 2. @, is specified for worst case mounting conditions, i.e., @ , is specified for
P Package .. —65°Cto +125°C device in socket for CerDIP, P-DIP, and LCC packages; 8 , is specified for
device soldered to printed circuit board for SO packags.
ELECTRICAL CHARACTERISTICS at v = +15V, T, = +25°C, unless otherwise noted.
OP-177A OP-177B
PARAMETER SYMBOL CONOITIONS MIN TYP MAX MIN TYP MAX UNITS
input Offset Voltage Vo s - 4 10 - 10 25 uv
Long-Term Input Offset :
/ Note 1 - 2 - - . -

Voltage Stability AV g/Time (Note 1) 0 0.2 1V/Mo
Input Offset Current 'OS - 0.3 1.0 - 0.3 1.5 nA
Input Bias Current Ig -0.2 - 1.5 -0.2 - 2.0 nA
Input Noise Voltage e, fo= 1Hz to 100Hz (Note 2) - 18 150 - 118 150 "VRMS
Input Noise Current in f, = 1Hz t0 100Hz (Note 2) - 3 8 - 3 8 PARms
Input Resistance

26 4 - -

Differential-Mode AN {Note 3) 5 % 4 Ma

Input Resistance
R _ - _ -

Comman-Mode INCM 200 200 Ga
Input Voltage Range VR (Note 4) +13 114 - 13 +14 - \
Comrﬁon-Mode

Rejection Ratio CMRR Vem =213V 130 140 - 130 140 - dB
Power Supply

L . PSRR Vo =$3Vto £18V 120 125 - 115 125 - dB
Rejection Ratio S
Large-Signal Voltage Gain AVO RL > 2kQ, VO =+10V (Note 5) 5000 12000 - 5000 12000 - Vimv
RL 210kQ 1135 $14.0 - +13.5 1140 -
Output Voltage Swing Vo RL >2kQ +12.5 130 - 125 213.0 - A
RL21kﬂ $120 1125 - $12.0 125 -
Slew Rate SR > 2kQ2 (Note 2) 0.1 0.3 - a1 0.3 - Vius
Closed-Loop Bandwidth BwW AVCL =+1(Note 2) 0.4 0.6 - 0.4 0.6 - MHz
Open-Loop Output Resistance RO - 60 - - 60 - Q
: Vs =115V, No Load - 50 60 ~ 50 60
S
Power Consumption Pd Vg =3V, No Load - 35 45 - 35 45 mw
Supply Current lsy Vg =15V, No Load - 1.6 2.0 - 1.6 2.0 mA
Offset Adjustment Aange Rp = 20kQ2 - 13 - - 13 - mvV
NOTES: . Sample tested.
1. Long-Term Input Offset Voitage Stability refers to the averaged trend line of . Guaranteed by design.

VOS vs. Time over extended periods after the first 30 days of operation. Ex-
cluding the initial hour of operation, changes in V,, ; during the first 30 operat-

ing days are typically less than 2.0uV.
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. Guaranteed by CMAR test condition.
. Tainsure high open-loop gain throughout the +10V output range, Ay pis tested
at-10vV sV, <0V, 0Vs Vo S+10V, and -10V 5 V, < +10V.
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ELECTRICAL CHARACTERISTICS at V = £15V, -55°C < T, < +125°C, unless otherwise noted.

OP-177A OP-177B
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage Vos - 10 20 - 25 55 uv
Average Input Offset
TCV, 1 - 0 0.1 - .1 X o

Voltage Drift CVos (Note 1) 03 0 0.3 uvree
Input Offset Current los - 0.5 1.5 - 0.5 2.0 nA
Average Input Offset

TCi 2 - 1.5 - .

Current Drift C os (Note 2) 25 1.5 25 pA/°C
Input Bias Current s -0.2 24 4 -0.2 24 4 nA
Average Input Bias

TCI - - o

Current Drift Clg {Note 2) 8 25 8 25 pA/°C
Input Voltage Range IVR {Note 3) +13 1+13.5 - +13 #135 - \'
Common-Mode Rejection Ratio CMRR VCM =+13V 120 140 - 120 140 - dB
Power Supply Rejection Ratio PSRR Vg =13Vio 18V 120 125 - 110 120 - dB
Large-Signal Voltage Gain AV o R 2 2K, V(5 = 210V (Note 4) 2000 6000 - 2000 6000 - vimv
Output Voltage Swing Vo R 22kQ +12 £13.0 - $12 3130 - v
Power Consumption Pd VS =15V, No Load - 60 75 - 60 75 mw
Supply Current ISY VS = *15V, No Load - 2.0 25 - 2.0 2.5 mA

NOTES: 3. Guaranteed by CMRR test condition.
1. TGV, g is 100% tested. 4. Toinsure high open-loop gain throughout the +10V output range, A, , is tested
2. Guaranteed by end-paint limits, at-10V< VS0V, 0V SV S +10V, and ~10V <V, < +10V.
TYPICAL OFFSET VOLTAGE TEST CIRCUIT BURN-IN CIRCUIT
200k52

g

3
S

PINOUTS SHOWN FOR P AND Z PACKAGES

OPTIONAL OFFSET NULLING CIRCUIT

Vos TRIM RANGE IS TYPICALLY £3.0mV
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ELECTRICAL CHARACTERISTICS at Vg = 215V, T, = +25°C, unless otherwise noted.

OP-177E OP-177F OP-177G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voitage V¢ - 4 10 - 10 25 - 20 60 nv
Long-Term Vos .
V,o/Time Note 1 - 0.2 - - 03 - - 0.4 - VIM
Stability os (Note 1) wyMo
Input Offset Current | o - 03 1.0 - 0.3 1.5 - 03 28 nA
Input Bias Current i -0.2 1.0 1.5 -0.2 1.2 2.0 -0.2 1.2 2.8 nA
Input Noise Voltage e, f, = 1Hz o 100Hz (Note 2) - 118 150 - 118 150 - 118 150 "Vaus
input Noise Current i fo = 1Hz to 100Hz (Note 2) - 3 8 - 3 8 - 3 8 pAHMS
input Resistance —
26 45 - 26 45 - . _
Differential-Mode 1IN {Note 3) 185 45 Mo
Input Resistance —
- 20 - - 20 - - 2 -
Common-Mode Rinewm 0 0 00 GQ
Input Voltage Range IVR {Note 4) +13 114 - +13 +14 - +13 114 - v
CommonMade — oyypg Vg, =13V 130 140 - 130 140 - 15 140 - dB
Rejection Ratio M
PowerSupply  pgpp Vg = £3V10 18V 120 125 - 15 125 - 1Mo 120 - )
Rejection Ratio s
targe-Signal RL > 2k,
5000 12000 - 5000 12000 - 2000 60 -
Volage Gain vo Vg = 10V (Note 5) 00 vimy
Outout Volt R_ =10k 1135 +14.0 - $13.5 1140 - 1135 +14.0 -
0V R_ 22k 12,5 +13.0 - 25 130 - 2.5 +130 - v
wing A = 1k +120 125 - 120 #125 - +120 125 -
Stew Rate SR FIL 2 2kQ2 (Note 2) 0.1 0.3 - 01 0.3 - 0.1 03 - Vius
Closed-Loop A =+1
BwW VGL 04 0.6 - 0.4 0.6 - 0.4 0.6 - MH:
Bandwidth (Note 2) 2
Open-.Loop Quitput Ro _ 60 _ _ 60 _ _ 60 _ Q
Resistance
V. =+15V, No Load - 50 60 - 50 60 - 50 60
. S .
Power Consumption Py V, = +3V, No Load - 35 45 - 35 45 - 35 45 mW
Supply Current lsy Vg = £15V, No Load - 1.6 2.0 - 16 20 - 18 20 mA
Offset Adjustment Rp = 20kQ _ +3 _ _ +3 _ _ +3 _ mv
Range
NOTES: 2. Sample tested.
1. Long-Term Input Offset Voitage Stability refers to the averaged trend line of 3. Guaranteed by design.
V0 sVvs. Time over extended periods after the first 30 days of opseration. Exclud- 4. Guaranteed by CMAR test condition.
ing the initial hour of operation, changes in VOS during the first 30 operating 5. Toinsure high Open-ioop gain throughout the £ 10V output range, Avoisteslsd
days are typically less than 2.0uV. at-10vs Vo SO0V, 0V< VO <+10V,and -10V < Vo <+10V.

9-418 OPERATIONAL AMPLIFIERS REV. A



ELECTRICAL CHARACTERISTICS atV, = +15V, -40°C s T, = +85°C, unless otherwise noted.’

oP177

OP-177E OP-177F OP-177G
PARAMETER SYMBOL - CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage VO' s - 10 20 - 15 40 - 20 100 uv
Average Input Offset
T N 1 - .03 0.1 - A 0. - 7 . !
Voltage Drift CVos (Note 1) 0 0 3 0 1.2 uvrec
Input Offset Current los - 05 1.5 - 0.5 2.2 - 0.5 45 nA
Average Input Offset
Note 2 - 1.5 25 - . 4 - 1. °
Current Drift TC'OS (Note 2) 1.5 0 5 85 pA/°C
Input Bias Current lg -02 24 4.0 -0.2 24 4.0 - 24 6.0 nA
Average Input Bias
T Note 2 - 8 25 - 40 - ©
Currant Drift CIB (Note 2) 8 15 60 pA/°C
Input Voltage Range IVR (Note 3) +13.0 +13.5 - +13.0 #1356 - +13.0 135 - v
Common-Mode CMRR Vou=+13V 120 140 - 120 140 - 110 140 - dB
Rejection Ratio
Power Supply PSRR Vg = 3V 1o £18V 120 125 - 10 120 - 106 115 - dB
Rejection Ratio
Large-Signal R, 22kQ
A, L 2000 6000 - 2000 6 - -
Voltage Gain vo Vg - £10V 0 000 1000 4000 v/mv
Output Voltage v, R, 22kQ $12.0 $13.0 - £120 +130 - $120 $130 - v
Swing o L
Power Consumption Py Vg =315V, No Load - 60 75 - 60 75 - 60 75 mw
Supply Current Isy Vg =+15V, No Load - 2.0 2.5 - 2.0 25 - 2.0 25 mA
NOTES: 3. Guaranteed by CMRR test condition.

1. OP177E and OP177F: TGV is 100% tested.
2. Guaranteed by end-point limits.

REV. A

4. Toinsure high open-loop gain throughout the +10V output range, Ay istested

at-10VsV,s0V,0Vs Vo< +10V, and~10V <V, < +10V.
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