PMI

FEATURES

e LowNoise ................ 0.6V, p Max, 0.1to 10Hz
e Low Dritt vs. Temperature .. ........... 0.5.V/°C Max
® LowDriftvs.Time ................ 0.2;:V/Month Typ
e LowBiasCurrent .. ..................... 2.0nA Max
e HIghCMRR .............. ... iivnnnn 114dB Min
e HiIghPSRR .............cccoiviinnan.. 100dB Min
® HighGain ....................civennnn 300,000 Min
s High Ry Differential .................... 30MQ Min
¢ HighRNCM ........... ... ..ot 200G() Typ
s |Internally Compensated ........ Stable to 500pF Load
e Fits 725, 108A and 741 Sockets

® 125°C Temperature Tested Dice

e Available in Die Form

ORDERING INFORMATION '

PACKAGE
T,=25°C OPERATING
Vg MAX CERDIP PLASTIC TEMPERATURE
(mV) TO-99 8-PIN 8-PIN RANGE
0.15 OPO0SAJ*  OPO5AZ* - MIL
0.5 OPQ5J* - - MiL
0.5 OPOSEJ OPO5SEZ OPO5EP COM
1.3 OP05CJ 0P05CZ OPOS5CP COM

*  Fordevices processedin total compliance to MIL-STD-883, add /883 afterpart

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. For ordering information, see

1990/91 Data Book, Section 2.

SIMPLIFIED SCHEMATIC

OP-05

INSTRUMENTATION

OPERATIONAL AMPLIFIER

Precision Monolithics Inc.

GENERAL DESCRIPTION

The OP-05 series of monolithic instrumentation operational
amplifiers combine excellent performance in low-signal-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 a direct replacementin 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

VOSTR'/M./B

1 7v+

~IN 2 6 OUT

+IN 3 5 N.C.

4
V-(CASE)

TO-99
(J-Sutfix)

8-PIN HERMETIC DIP
(Z-Suffix)

EPOXY MINI-DIP
(P-Suffix)

Q3 Q6
NON
INVERTING
INPUT

'

19

R9
OUTPUT

a7 T
RS
az6

Q26

INVERTING O MW
INPUT
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QP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS (Note 3)

Supply Voltage ..o +22V PACKAGE TYPE 8,4 (NOTE 2) O UNITS
Differential Input Voltage ..., =30V 10-99 (J) 150 ” Pryvy
Input Voltage (Notq 1) s :??V 8-Pin Hormetic DIP (2) 128 e oW
Output Short-Circuit Duration............ccoeeeeveneiecnne, Indefinite 8.Pin Plasic DIP P o -
Storage Temperature Range ® 0 43 ki
Jand Z Packages ...............ccvinienne. —65°C to +150°C NOTES:
P Package .........ccocoeemneicieiin e —65°C to +125°C 1. zOL :Iut!:)l’t'ge":lz'a%es k‘]ts: l:aﬂ +22V, the absolute maximum input voltage is
. VO .

Operating Temperature Range ° o 2 81 is speciﬁe:fo); wors?case mounting conditions, t.e., 8 , is specified for
OP-05A, OP-05 ......ccveetceceeer e —55°Cto +125°C dévice in socket for TO, CerDIP, P-DIP, and LCC packagesg*e. is specified
OP-05E, OP-05C ....oocvvieveee e 0°Cto +70°C for device soldered to printed circuit board for SO and PLCC pat?kages.

Lead Temperature Range (Soldering, 60 sec} ............... 300°C 3. Absolute maximum ratings apply to both DICE and packaged parts, unless

Junction Temperature .......c.coceeevvivieceeeee e, —-65°C to +150°C otherwise noted.

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

1

OP-05A OP-05
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 007 0.5 — 02 0.5 mv (gQ
Long-Term Input Offset AVae/Tim (Note 1} 0.2 10 0.2 10 L[_E
Voitage Stability os ¢ ote - ’ ’ ’ : #V/Mo %
Input Offset Current los — 07 20 — 10 28 nA E
Input Bias Current Iy — 07 =20 — %10 3.0 nA &)
Input Noise Voitage (Note 2) €np-p 0.1Hz to 10Kz — 035 0.6 — 035 0.6 #Vpp E
&9
) ) fo= 10Hz — 103 180 — 103 180 3
[§¢ t
"(’:z'teN;)'se Voltage Density en fo= 100Hz — 100 130 — 100 130 AN T
fo=1000Hz — 96 11.0 - 96 1.0 3
Input Noise Current R n)
{Note 2] inp-p 0.1Hz to 10Hz — 14 30 — 14 30 PAs-p <
Input Noise Current Densit fo = 10Hz — 032 080 — 032 080 %
":me 2 Y in to = 100Hz — 014 023 — 014 023 pANHZ
( fo = 1000Hz — 012 047 - 012 077 2
Input Resistance — o'
Differential-Mode Rin {Note 3) 3 8 - 20 80 — MO E
) C
Input Resistance —
Common-Mode Rincw - w0 - - w0 - Gn
Input Voltage Range IVR +13.5 *14.0 - +13.5 +14.0 — Vv
Common-Mode Rejection Ratio CMRR Vom=113.5V 14 126 — 114 126 — dB
Power Supply Rejection Ratio PSRR Vg =13V to =18V — 4 10 - 4 10 In'A'
R = 2kl Vo =10V 300 500 - 200 500 —
Large-Signal Vottage Gain Avo R 25000, Vo=10.5V Vv/mv
15 500 — 1 5 —
Vg =3V (Note 3) 0 S0 00
Ry = 10k} +125 *13.0 — +125 *13.0 -
Output Voltage Swing Vo Rp 2 2kl +12.0 +12.8 —_ +12.0 +12.8 - v
R 2 1kN +105 *12.0 - +10.5 +12.0 -
Slew Rate iNote 2 SR R =2k G.1 0.3 — 0.1 0.3 — V/us
Closed-Loop Bandwidth
=+1. X . - . . —
Note 2. Bw AyeL 0 0.4 0.6 04 0.6 MHz
Open-Loop Qutput Resistance Ro Vo=0,1g=0 - 60 — — 60 — [4]
Power Cons tion p No load — 90 120 — 90 120 W
ow umetio a Vg= +3V, No foad S - 4 s
Offset Adjustment Range Rp = 20k{) —_ 4 - — 4 — mV
NOTES:
1. Long-term input offset voltage stability refers to the averaged trend line operating days are typically 2.5uV. Refer to typical pertformance curve.
of Vgg vs. Time over extended periods after the first 30 days of operation. 2. Sample tested.
Excluding the initial hour of operation, changes in Vog during the first 30 3. Guaranteed by design.
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at V5= 15V, -55°C < Ta < +125° C, unless otherwise noted.

OP-05A OP-05

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos — 010 o024 - 03 07 mv
Average Input Oftset Voltage

Drift Without External Trim TCVos (Note 2) — 03 08 - 07 20 Ve

with External Trim TCVosn Rp = 20k} (Note 3) — 02 05 — 03 10 K

Input Offset Current los — 1.0 4.0 — 18 58 nA
A | t Oftset C t

ve'rage npu urren TClos (Note 2) _ 5 25 _ 8 50 PASC
Drift
input Bias Current Ig - +1 +4 — +2 *6 nA

Ave‘rage Input Bias Current TClg (Note 2) - 8 25 _ 13 50 PAC

Drift

Input Voltage Range IVR +13.0 1356 — +13.0 +13.5 — \

Common-Mode Rejection Ratio CMRR Vem = 113.0V 10 123 — 110 123 — dB
Power Supply Rejection Ratio PSRR Vg=+3Vto +18V —_ 5 20 - 5 20 uV/V
Large-Signal Voltage Gain Avo R 2 2k}, Vg =110V 200 400 — 150 400 — v/mv
Output Voltage Swing Vo Ry 2z 2k +12.0 126 — +92.0 *126 — Vv
ELECTRICAL CHARACTERISTICS at V5 = +15V, To = 25° C, unless otherwise noted.

OP-05E OP-05C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset VoMage Vos — 02 0.5 - 03 1.3 mv
Long-Term input Offset )
T —_ X . — . .
Voltage Stability AVgg/Time  (Notes 1, 2) 0.3 15 04 2.0 uV/Mo
tnput Offset Current los — 1.2 38 - 18 6.0 nA
Input Bias Current Ig — 12 =40 — 1.8 7.0 nA
input Noise Voltage (Note 2} €np-p 0.1Hz to 10Hz — 035 0.6 — 038 0865 #Vp o
fo=10Hz — 103 180 - 105 200

Input Noise Voltage Densit °

(N‘::e 2 g " en fo = 100Hz — 100 130 — 102 135 v/ Hz
fo= 1000Hz — 96 MNM.0 — 98 115

Input Noise Current (Note 2} inp_p 0.1Hz to 10Hz — 14 30 — 15 as pAp_p
fo=10Hz — 032 080 — 035 090

Input Noise Current Densit o

(N‘;‘:e 2 ise ~u sty in fo = 100Hz — 014 023 — 015 027 pA/VAZ
fo = 1000Hz — 012 o017 — 013 o018

Input Resistance —

Differential-Mode Rin (Note 3) %0 = 8 B - MA
input Resistance —

Common-Mode Rincu - % - - 1 - Gn
input Voltage Range IVR +13.5 =140 — +13.0 *140 — v
Common-Mode Rejection Ratio CMRR Veu = 113.5V 110 123 — 100 120 = dB
Power Supply Rejection Ratio PSRR Vg =13V to 18V —_ 5 20 —_ 7 32 Vv

R, =2k, Vog=110V 200 500 — 120 400 —
-Si ] =+
Large-Signal Voltage Gain Ayvo R_ = 5000, Vg =105V 150 500 _ 100 400 _ v/mv
Vg =13V (Note 3)
R =10k +12.5 +13.0 — +13.0 —
Output Voltage Swing Vo Rz 2ki) +12.0 +12.8 — +11.5 =12.8 — v
R_z 1k *£10.5 120 — - *+12.0 -
Slew Rate :Note 2, SR R, == 2k 0.1 0.3 — 0.1 0.3 — V/us
Closed-Loop Bandwidth BW AygL=+10 0.4 06 . 0.4 0.6 _ MHz

Note 2
Open-Loop Qutput Resistance Rg Vo=0,I5=0 — 60 — — 80 - 4]
p c . P No toad — 90 120 — 95 150 W

ower Gonsumption d Vg = 3V, No load — 4 6 - 4 8
Offset Adjustment Range Rp = 20k{} — 4 - - 4 mV

NOTE: See notes on previous page.
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at Vg = £15V, 0°C < Ta < +70°C, unless otherwise noted.

OP-0SE OP-05C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos —  0.25 0.6 — 035 1.6 mv
Average Input Offset Voitage

Drift Without External Trim TCVos (Note 2) - 07 20 - 13 45 Ve

With External Trim TCVosn Rp = 20kN (Note 3) - 0.2 06 - 04 1.5 #
Input Cffset Current los — 14 53 — 20 80 nA
ff

Ave.rage Input Offset Current TClos (Note 2) _ 8 35 _ 12 50 PAC

Drift
Input Bias Current Ig — *15 #55 — *22 90 nA
Average Input Bias Current TClg (Note 2) _ 13 a5 _ 18 50 PAPC

Drift
Input Voltage Range IVR +13.0 135 - $13.0 +135 — \
Common-Mode Rejection Ratio CMRR Ve =113.0V 107 123 - 97 120 - dB R

w

Power Supply Rejection Ratio PSRAR Vg =13V to £18V - 7 32 - 10 51 uv/v
Large-Signal Voitage Gain Avo Ry =2k}, Vo= %10V 180 450 — 100 400 — v/imv
Output Voltage Swing Vo R = 2k(2 +120 *126 - £11.0 +126 — v
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 Vog during the first 30
operating days are typically 2.5uV. Refer to typical performance curve.

2. Sampie tested.

3. Guaranteed by design.

OPERATIONAL AMPLIFIERS/BUFFERS
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE)

1. BALANCE
2. INVERTING INPUT

3. NONINVERTING INPUT
4. V-

5. NO CONNECTION

6. OUTPUT

7. V+

8. BALANCE

For additional 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 Vg = =15V, T, =25°C for OP-05N, OP-05G and OP-05GR devices; Tp=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 LIMIT LIMIT LIMIT LIMIT UNITS
Input Offset Voltage Vos 0.25 0.15 0.7 0.5 1.3 mV MAX
Input Offset Current g 4.0 2.0 57 38 6.0 nA MAX
Input Bias Current Ig +4 +2 +6 +4 7 nA MAX
input Resistance
N — 20 — 15 8 MO MIN
Differential Mode Rin (Note 2) e
Input Voitage Range IVR +13.0 +13.5 +13.0 +13.5 +13.0 V MIN
- ==+ + o
Common-Mode CMRR  Yom=T135Vat+25°C 10 114 110 110 100  dBMIN
Rejection Ratio Vo= *13.0at +125°C
Powe.r Sf}pply , PSRR Vg==x3Vto x18V 20 10 20 20 30 pVV MAX
Rejection Ratio
R_= 10k} — +12.5 - +12.5 +12.0
Output Voltage Swing Vg R =2k} +12.0 +12.0 +12.0 +12.0 +11.5 V MIN
Ry =1kl — +10.5 — +10.5 —
Large-Signal Avo Ry =2k 200 200 150 200 120 V/mV MIN
Voltage Gain Vo =210V
Differential Input +30 +30 +30 +30 +30  VMAX
Voltage
Power Consumption P4 Vour =0V — 120 — 120 150 mW MAX
NOTES:
1. For25°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 iot qualification through sample iot assembly and testing.

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

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

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Av;;fasii I\:)?tuatge prit 1 CYos  Rs=500 03 03 0.7 0.7 12 pV/°C
Nuouzge't"\‘:;iage oty TCVosa  Rs =501 Ry =20kn 0.2 0.2 0.3 0.3 0.4 WV G
Avcej;f; lcr;:rur:zm Drift | Clos 5 5 8 8 12 pA/SC
Slew Rate SR R 2 2k 0.3 0.3 0.3 0.3 0.3 Vius
C';Zif,':;‘:ﬁ BW Aye = H1 06 06 0.6 0.6 06 MHz
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS

ABSQLUTE VALUE GF QFFSET VOLTAGE {uV}

CHANGE IN OFFSET VOLTAGE {(pV)
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

PSRR (dB)

TYPICAL PERFORMANCE CHARACTERISTICS
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CHARACTERISTICS
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OP-05 INSTRUMENTATION OPERATIONAL AMPLIFIER

OFFSET NULLING CIRCUIT

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 501} 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

SR = 0.25V/usec

IS

0P-05 O
O /
Zyy = 20060 OUTPUT NOISE = 0.354V P-P TYP
|=200x10°0 QUTPUT OFFSET = 0.2mV TYP
Iy = £1.00A BANDWIDTH = 600kHz

HIGH IMPEDANCE, HIGH COMMON-MODE REJECTION
INSTRUMENTATION AMPLIFIER

R4
2k

Ré
20k

S

I =
UIVES

2K SR = 2.5V/usec
Ve R4 RS
R6 ~ R7
R7
20k
Ay =08 (2B1 g
ADJUST R7 FOR MAXIMUM CMRR = V=Ra ! R3 "1
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