Precision Monolithics Inc.

OP-05

INSTRUMENTATION
OPERATIONAL AMPLIFIER

FEATURES

® LowNoise ................ 0.6uVp.p Max, 0.1 to 10Hz
® Low Drift vs. Temperature .. ........... 0.5:V/°C Max
e LowDriftvs. Time ................ 0.2;V/Month Typ
® lowBiasCurrent .. ... .................. 2.0nA Max
e HighCMRR ........................... 114dB Min
e HighPSRR .......... ... .oiiiiiin, 100dB Min
® HighGain .............. . coiviiiinn 300,000 Min
¢ High Ry Differential .................... 30M(} Min
® HighRiNCM ... ... ... ... ..t 200G() Typ
e iInternally Compensated ........ Stable to 500pF Load
® Fits 725, 108A and 741 Sockets

¢ 125°C Temperature Tested Dice

e Available in Die Form

ORDERING INFORMATION !

PACKAGE

T,=25°C OPERATING
Vs MAX CERDIP  PLASTIC  TEMPERATURE

(mv)  TO-99 8-PIN 8-PIN RANGE

015  OPOSAJ* OPOSAZ* - MIL

05 OPO5J* - - MIL

05 OPOSEJ  OPO5EZ  OPOSEP coM

13 OPOSCJ  OP0OSCZ  OPOSCP coMm

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

t Burn-inis available on commercial and industrial temperature range parts in
CerDIP, plastic DIP, and TO-can packages. For ordering information, see
1990/91 Data Baok, Section 2.

SIMPLIFIED SCHEMATIC

GENERAL DESCRIPTION

The OP-05 series of monolithic instrumentation operational
amplifiers combine excellent performance in low-signai-level
applications with the simplicity of use of a fully-protected,
internally-compensated op amp. The OP-05 has low input offset
voltage and bias current combined with very high levels of gain,
input impedance, CMRR, and PSRR.

The OP-05is adirectreplacementin 725, 108A, and unnulled 741
sockets allowing instant system performance improvement
without redesign. The OP-05 is an excellent choice for a wide
variety of applications including strain gauge and thermocouple
bridges, high-gain active filters, buffers, integrators, and sample-
and-hold amplifiers. For dual-matched versions, refer to the
OP-207 and OP-10 data sheets.

PIN CONNECTIONS

VOSTM

1 7V

VosTRIM [ 5] vosTRIM

-In 2] v
V- N.C
4IN 3 \O/"‘s NC.
4
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———t ——f 2
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OuTPUT
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS (Note 3)

Supply Voltage ...

Differential Input Voltage ..
Input Voltage (Note 1) ..
Output Short-Circuit Duration.
Storage Temperature Range
J and Z Packages ...
P Package
Operating Temperature Range

OP-05A, OP-05.... .—55°C to +125°C
OP-05E, OP-05C .... ..0°Cto +70°C
Lead Temperature Range (Soldering, 60 sec) ............... 300°C

Junction Temperature ................coovvennne

.. Indefinite

.—85°C to +150°C
..—65°C to +125°C

-65°C to +150°C

PACKAGE TYPE elA {NOTE 2) elc UNITS
TO-99 (J) 150 18 °C/w
8-Pin Hermetic DIP (Z) 148 16 °C/W
8-Pin Plastic DIP (P) 103 43 °C/W

NOTES:

1. For supply voltages less than +22V, the absolute maximum input voltage is
equal to the supply voltage.

2. 8, is specified for worst case mounting conditions, i.e., elA is specified for
device in socket for TO, CerDIP, P-DIP, and LCC packages; 8 a s specified
for device soldered to printed circuit board for SO and PLCC packages.

3. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

ELECTRICAL CHARACTERISTICS at Vg = £15V, To = 25°C, unless otherwise noted.

OP-05A OP-05
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 007 015 — 0.2 0.5 mv
Long-Term Input Offset .
— .2 1. — . .

Voltage Stability AVps/Time  (Note 1) 0 0 02 10 uv/Mo
Input Offset Current log - 0.7 20 — 1.0 28 nA
Input Bias Current lg — 07 =*20 — *1.0 =30 nA
Input Noise Voitage (Note 2» enp-p 0.1Hz to 10Hz — 035 0.6 — 035 06 Voo
|nout Noiss Voltade Densit to=10Hz — 103 180 — 103 180

"zut 2°'s° ottage bensity en fo = 100Hz — 100 130 — 0 130 vV Hz

(Note 2) fo = 1000Hz — 96 M0 — 96 M0
Input Noise Current i

- 0.1Hz to 10Hz — 14 30 - 14 30 Ao,

(Note 2) "np-p Pho-p
Inout Noise G + Densit fo=10Hz -~ 032 080 — 032 080

"ﬁ“t ;'se urrent Density in fo= 100Hz — o014 023 — 014 o023 pANHZ

(Note 2) fo = 1000Hz — o012 o017 — 012 o017
Input Resistance —

R Note 3 30 80 — —

Differential-Mode N (Note 3) 20 60 MO
Input Resistance —

R — 200 — — —

Common-Mode INCM 200 Ga
Input Voltage Range IVR +13.5 +14.0 — +13.5 +14.0 — A
Common-Mode Rejection Ratio CMRR Vom=113.5V 114 126 — 114 126 — dB
Power Supply Rejection Ratio PSRR Vg=1+3Vto £18V — 4 10 — 4 10 MY

Ry 2 2k{l, Vo = 210V 300 500 — 200 500 —
Large-Signal Voltage Gain Avo R =500, Vo=+0.5V v/mv
150 S - —
Vg =*3V (Note 3) o 150 500
R = 10k} +125 +13.0 — +12.5 +13.0 —
Output Voltage Swing Vo R =2k +120 *128 — +12.0 +128 - v
R = 1kl +105 *12.0 - +10.5 +12.0 —
Slew Rate (Note 2: SR Ry = 2kQ 0.1 0.3 — 0.1 03 — V/us
Closed-Loop Bandwidth
Ay =+1.0 0.4 0.6 — .4 —

“Note 2 BW veL a 0.6 MHz
Open-Loop Output Resistance Ro Vog=0,1=0 — 60 — — 60 — Q
P c i P No load — 90 120 — 90 120 W

ower Lonsumption d Vg = +3V. No load —~ 4 6 - 4 6 ™
Offset Adjustment Range Rp = 20k} — 4 — — 4 — mv

NOTES:

1. Long-term input offset voltage stability refers to the averaged trend line

of Vgg 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

5-61

operating days are typically 2.5,V. Refer to typical performance curve.
2. Sample tested.
3. Guaranteed by design.
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at Vg = 215V, -55°C < Tp < +125°C, unless otherwise noted.

OP-05A OP-05

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Vos — 010 024 — 03 07 mv
Average Input Offset Voltage

Dritt Without External Trim TCVos (Note 2) - 0.3 098 — 07 20 VARG

With External Trim TCVgsn Rp =20k (Note 3) — 02 05 — 03 10 s

tnput Offset Current los — 1.0 4.0 — 1.8 5.6 nA
t Off t

Average input Offset Curren TClos (Note 2) _ 5 25 _ 8 50 oAFC

Drift
Input Bias Current lg — *1 +4 — +2 16 nA

t Bi t
Ave‘rage Input Bias Curren TClg (Note 2; _ 8 25 _ 1a 50 A/ G

Drift
Input Voltage Range iVR +13.0 +13.5 — +13.0 135 — v
Common-Mode Rejection Ratic CMAR Vem =+13.0V 110 123 — 110 123 — dB
Power Supply Rejection Ratio PSRR Vg=13Vto 18V — 5 20 — 5 20 uv/v
{ arge-Signal Voltage Gain Avo R 2 2k0, Vg =110V 200 400 —_ 150 400 — v/imv
Output Voltage Swing Vo R =2k0 120 +126 - +12.0 *126 — v
ELECTRICAL CHARACTERISTICS at Vg = £15V, Ta = 25° C, unless otherwise noted.

OP-05E OP-05C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voitage Vos — 0.2 0.5 — 03 1.3 mv

Long-Tarm input Offset
AVog/T Notes 1, 2 - 0.3 1.5 - .4 i
Voltage Stability os/Time ' 04 20 uV/Mo
Input Offset Current los — 1.2 38 — 1.8 6.0 nA
Input Bias Current g — %12 =*40 — *18 70 nA
input Noise Voltage (Note 2) €np-p 0.1Hz to 10Hz — 035 0.6 — 038 065 HVpp
fo=10Hz — 103 180 — 105 200

Input Noise Voitage Densit:

W‘::e 2:"59 ge Density en fo = 100Hz ~ 100 130 — 102 135 nv/v/ Rz

: fo = 1000Hz - 96 110 - 98 115

Input Noise Current (Note 2) inp-p 0.1Hz to 10Hz — 14 30 — 15 35 PApp
fo=10Hz — 032 080 — 035 090

| i it

(:f::; :)‘"'se Current Density in fo = 100Hz — 014 023 — 015 027 pAN Pz
to = 1000Hz — 012 o047 — 013 0.8

Input Resistance —

Differential-Mode Ain (Note 3) B0 - 8 ® - Ma
Input Resistance —

— 16 — — —_—

Common-Mode Ainem 80 120 Ga
Input Voltage Range IVR +13.5 *14.0 - +13.0 +14.0 - v
Common-Mode Rejection Ratio CMRAR Vem = £13.5V 110 123 — 100 120 — dB
Power Supply Rejection Ratio PSRR Vg=13Vtot18V — 5 20 — 7 32 pYNV

Ry 2 2kQ, Vg =110V 200 500 — 120 400 —
Large-Signal Voltage Gain Avo A = 5000, Vo = £0.5V v/imV
15 50 - —
Vg = 3V (Note 3) 0 0 100 400
Rz 10k =125 +130  — 920 £180  —
Output Voltage Swing Vo R = 2k} =120 *128 — 1115 x128 — v
R = 1k{) =10.5 *12.0 — — *12.0 —
Slew Rate (Note 2 SR Ry = 2 2k0) 01 03 — 0.1 03 — V/us
Closed-Loop Bandwidth BW Ay =+10 0.4 0.6 _ 0.4 06 _ MHz

Note 2,

Open-Loop Output Resistance Ro Vo=0.1g=0 — 60 - — 60 — [0
P c i p No load — 490 120 — 95 150 W
ower Consumption d Vg = £3V, No load — 4 ] — 4 8 m
Offset Adjustment Range Rp = 20k{1 — 4 — — 4 — my

NOTE: See notes on previous page. 5-62 7/89, Rev. A2



OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at V5= +15V, 0°C < To < +70°C, unless otherwise noted.

OP-05E " OP-05C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 025 06 - 035 16 mv
Average Input Offset Voltage
Dritt Without External Trim TCVos (Note 2) - 07 20 - 13 45 Ve
With External Trim TCVosgn Rp = 20k (Note 3) — 02 06 — 04 15 “
Input Oftset Current lags - 1.4 5.3 - 20 8.0 nA
! ff;
Avalrage nput Offset Current TClos (Note 2) _ 8 a5 _ 12 50 pASC
Drift
Input Bias Current g — *15 =£55 — 22 #9.0 nA
i 1
Ave.rage Input Bias Curren TClg (Note 2) _ 13 35 _ 18 50 pASC
Drift
Input Voltage Range IVR +13.0 #135 — +13.0 *135 — v
Common-Mode Rejection Ratio CMRR Ven =213.0V 107 123 —_ 97 120 - dB ’;
Power Supply Rejection Ratio PSRRA Vg=+3Vto £18V — 7 32 - 10 51 MY
Large-Signal Voltage Gain Avo RL = 2k}, Vo =210V 180 450 @ — 100 400 — v/mv
Output Voltage Swing Vo R = 2k{) +120 +12.6 - +11.0 126 — v
NOTES:
1. Long-Term Input Offset Voltage Stability refers to the averaged trend line

of Vg g vs. Time over extended periods after the first 30 days ot operation.
Excluding the initial hour of operatiori, changes in Vog during the first 30
operating days are typically 2.5uV. Refer to typical performance curve.
Sample tested.

3. Guaranteed by design.

~
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R OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

. BALANCE

. INVERTING INPUT

. NONINVERTING INPUT
v_

. NO CONNECTION

. OUTPUT

v+

. BALANCE

PNOO A LN

For additlonal DICE ordering information,

DIE SIZE 0,101 X 0.052 Inch, 5300 sq, mils refer to 1990/91 Data Book, Section 2.
{2.57 x 1.32 mm, 3.34 sq. mm)

WAFER TEST LIMITS at Vo= + 15V, Tp = 25°C for OP-05N, OP-05G and OP-05GR devices; Ty = 125°C for OP-05NT and
OP-05GT devices, unless otherwise noted.

OP-05NT OP-05N OP-05GT OP-05G OP-05GR

PARAMETER SYMBOL CONDITIONS LIMIT umit LIMIT LIMIT LiMIT UNITS
Input Offset Voltage Vg 0.25 0.15 0.7 05 13 mV MAX
Input Offset Current  lng 4.0 20 57 3.8 6.0 nA MAX
Input Bias Current Ig +4 +2 +6 +4 +7 nA MAX
Input Resistance
R Note 2 — 20 — 15 8 MO MIN
Differential Mode N ‘ ]
Input Voltage Range  iVR *13.0 +13.5 +13.0 +135 *13.0 V MIN
-] =+ +250°
CGommon-Mode cMRR  Vom=T13SVal+2siC 110 14 10 10 100 dBMIN
Rejection Ratio Vem=113.0at+125°C
Fower Supply PSRR  Vg=+3Vto 218V 20 10 20 20 30 LWV MAX
Rejection Ratio
R = 10k - +12.5 — +12.5 +12.0
Output Voltage Swing Vg Ry = 2kQ +£12.0 +120 +12.0 +12.0 +115 V MIN
Ry = 1h(2 — +10.5 — +10.5 —
Large-Signal R =2k
A 200 200 150 200 120 V/mV MIN
Voltage Gain vo Vo=+10V m
Differential Input +30 +30 +30 +30 +30 v MAX
Voitage
Power Consumption Py Vout =0V — 120 — 120 150 mw MAX
NOTES:
1. For 25°C characteristics of NT & GT devices see N & G characteristics 2. Guaranteed by design.

respectively.

Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sampie lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = £15V, T4 = +25°C, unless otherwise noted.

OP-05NT OP-05N OP-05GT OP-05G OP-05GR

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL  UNITS
A";;fsg; U;‘I’;;e o TCVos  Rs=500 0.3 03 07 07 12 WVPC
NLg';:elt"\‘l);ttage Drift TCVosn Rs=S50N.R, :_20-"” 0.2 02 0.3 0.3 0.4 uv°C
Av;;fasgeet ICr)‘:’rl‘r"em Dnift TClos 5 5 8 8 12 pA/°C
Slew Rate SR R = 2k0 03 03 03 03 03 Vs
C';Z‘;&:ﬁ: BW AveL=+1 06 06 08 06 0.6 MHz

5-64 7/89, Rev. A2



OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS

TRIMMED OFFSET
VOLTAGE vs TEMPERATURE
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS

MAXIMUM ERROR INPUT BIAS CURRENT INPUT OFFSET CURRENT
vs SOURCE RESISTANCE vs TEMPERATURE vs TEMPERATURE
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TYPICAL PERFORMANCE CHARACTERISTICS

0.1 1 10 100 T 10k 100k TM 10M
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=
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

OFFSET NULLING CIRCUIT

OUTPUT

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES.

BURN-IN CIRCUIT

OUTPUT

NOTE: PIN OUTS SHOWN FOR J, P, AND Z PACKAGES.

APPLICATIONS INFORMATION

OP-05 series devices may be fitted directly to 725 and
108/108A Series sockets with or without removal of external
compensation components. Additionally, the OP-05 may be
fitted to unnulled 741 series sockets. However, if conventional
741 nulling circuitry is in use, it should be modified or
removed to enable proper OP-05 operation. The OP-05
provides stable operation with load capacitance of up to
500pF and 10V swings; larger capacitances should be

decoupled with a 50} resistor.

Offset stability can be degraded by stray thermoelectric
voltages arising from dissimilar metals at the contacts to the
input terminals. Best operation will be obtained when both
input contacts are maintained at the same temperature,
preferably close to the temperature of the device's package.

TYPICAL APPLICATIONS

STABLE, HIGH-IMPEDANCE BUFFER

O +
Z)N = 200G

"N 200 x 1052
Iy = -1.0nA

SR = 0.25V/usec

r———————— 0O

QUTPUT NOISE = D.35uV P-P TYP
OUTPUT OFFSET = 0.2mV TYP
BANDWIDTH = 600kHz

HIGH IMPEDANCE, HIGH COMMON-MODE REJECTION

INSTRUMENTATION AMPLIFIER

ZiN = 100Gs2
IN = <1.00A

ADJUST R7 FOR MAXIMUM CMRR

SR = 2.5V/usec

R7
20k$2 s
Av-ra (%3 +
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