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ANALOG High-Gain Instrumentation
DEVICES Operational Amplifier

FERTUHES Superior DC input characteristics include very low offset
® Very High Voltage Gain ................ 1,000V/mV Min voltage and current, extremely high open-loop gain, low 1/f
* Low Offset Voitage and Offset Current and wideband noise, and low “popcorn” noise. Low offset

¢ Low Drift vs. Temperature
T Pt 0.8uV/°C Max
¢ Low Input Voltage and Current Noise
®* Low Offset Voltage Drift with Time
® High Common-Mode Rejection ........... 120dB Typ
* High Power Supply Rejection .............. 2uV/V Max
L/ lyRange ................... *3.0Vto+22V
ing Available
............................. 100V/us

OfiMAY|
L \u(cxiqk\

T,=25°C TING
Vs MAX Tooo— k@n@) E p ATURE
(mV) 8-PIN Pl RA GE
0.2 OPOBAJ*
05 OPO6FJ !
05 OP06BJ - ML
13 OP06GJ OP0BGZ COM

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

t Burn-in is available on commercial and industrial femperature range paris in
cerdip, plastic dip, and TO-can packages.

GENERAL DESCRIPTION

The OP-06 monolithic instrumentation operational amplifier
is designed for accurate high-gain amplification of low level
signals. High common-mode rejection reduces signal
degradation when large common-mode voltages are present.

SIMPLIFIED SCHEMATIC

voltage driftisimproved by a nulling technique that optimizes
TCVps performance when Vg is nulled to zero. Very high
common-mode and power supply rejection enable accurate
performance in noisy environments.

Flexible external compensation provides wide-bandwidth
and high slew rate operation in high closed-loop gain
applications. Excellent long-term stability, and compati-
bility with MIL-STD-883 processing, make the OP-06 an
excellentchoice for high-reliability applications. Forexampile,
process control and aerospace applications; including strain
gauge and thermocouple amplifiers, low-noise audio ampli-
fiers, and instrumentation amplifiers. The OP-06 is a direct
repl ent for all 725 types providing superior DC and
oise pgrformance plus the unique feature of complete input
itfgrenftial voltage/an ut short-circult protection.
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ABSOLUTE MAXIMUM RATINGS {Note 3}

Supply Voltage ... +22V
Differential Input Voltage .................................................. =30V
Input Voltage (Note 1) ................. cxserans b OOV
Output Short-Circuit Duration ........ccccevevnievcvincniicinanes Indefinite

Storage Temperature Range ............c..o.c.......—85°C t0 +150°C
Operating Temperature Range
OP-06A, DP-DBB ..cocvicmscavanninisssmsnisiosmions
OP-06F, OP-06G 0°Cto +70°C
Lead Temperature Range (Soldering, 60 sec) ............+300°C

Junction Temperature -65°C to +150°C

-55°C to +125°C

PACKAGE TYPE 12 A {NOTE 2) B|c UNITS
T0-98 (J) 150 18 *CIw
8-Pin Hermetic DIP (Z) 148 16 “Ciw
NOTES:

1. For supply vollages less than =22V, the absolute maximum inpul voltage is

equal lo the supply vollage.

2. 8, is specified for worsl case mounting conditions, i.e., 9 is specified for
device in socket for TO and CerDIF packages.
3. Absolute ratings apply o both DICE and packaged parts, unless otherwise

noled.

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

OP-06A OP-06B/F OP-06G
PARAMEFER ~~ SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX MIN  TYP MAX UNITS
znpuu)zfmyﬁﬂaa\ \\.r(:,5 [——Rs = 20k} (Note 2; — 006 0.2 — 0.2 05 — 04 13 mv
inpuf Ofisfat Current \OS L I~ — 0.3 20 - 0.75 5.0 - 2 13 nA
inpt Bisk current | fg [ [ ) /S TN - m - % 80 — 4 1m0 nA
- E 15.0 == 9.0 15.0 i 9.0 15.0
':::: ; tm” 8.0 — 8.0 9.0 - 8.0 2.0 nv/
e 70 \/5 ~ 70 75 o 70 75
Input Noise Gurrant — 0.5 .2 0.5 > 06 14
:;” ,l"'“ ° — | ozs 6 025 [os 03 07  pANHZ
il — \ 015 g2 — 015 [ozs [Toe—_03
Input Resistance A {Note 3) 0. / / 0.7 1.8 / —\ 0.8 \7 s [~—Mn
—/ -
Lsrge-&gna.l Avo Ry = 2ki1, 1,000 3,000 o 1 000 [ 500 3, -
Voitage Gain Vo =10V
D — Ry = 10k +125 +13.0 - +125 F13. - £120 1fi30 -
i Vo R, 2 2k} £120 +128  — +120 t28 = 1ns sl - v
wine RLZ 1k +110 *125 = £110 1125 i — bk =
Input Voitage Range IVR +13.5 %140 — +135 +14.0 -— +13.5 140
= = 4
Gommue Moo CMRR Yo 114 120 - 114 120 - 1o 115 - a8
Rejection Ratio RAg < 20k}
Power Supply Vg = +3Vio +18V
PSRR -_ 0.5 2.0 - 1.0 5.0 — 20 10 ViV
Rejection Ratio Rg < 20k s
Power Consumption P4 —_ 90 120 _ 90 120 - 110 150 mw
o g Ry = 50001, (Note 3)
ery 2 Avo Vo=*05V 00 80 @ — 100 80 @ — 60 60 - V/mv
Voitage Gain
Vg=2£3V
Power Consumption Py Vg =3V - 4 6 —_ 4 8 - 4 8 mw

NOTES:

1. Sample tested.

2. Thermoelectric voltages generated by dissimilar metals at the contacts to
the input terminals can degrade drift performance. Both sides of the
contacts should be kept at approximately the same temperature. All
temperature gradients should be minimized.

Guaranteed by design.
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ELECTRICAL CHARACTERISTICS at Vg = +15V, -55°C = Ta = +125°C, unless otherwise noted.

OP-06A OP-06B
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Vollage
i Without external Vos Rg = 20k{} iNote 2: - 0.08 0.28 — 03 0.7 my
trim:
Average Input Offset
Voltage Drift (With- TCVpg Rg =500} tNotes 1, 2} — 03 o8 — 0.7 2.0 uvrec
out external trim}
Average Input Oftset
M Rg = 5011 (Noles 2, 3;
Voltage Drift (With TCVosn Ram S0KA - 0.2 06 — o028 10 Ve
external lrim} il
Ta MAX _ 0.256 1.0 _ 0.6 4.0
I t Offset C 1 I 1A
e os TAMIN — 08 40 — 20 80 ;
Average input Olffset
:' g : p_‘: TClgs iNote 1: - 3 20 ~ 8 50 pASC
urrent Drit]
Ta MAX — 22 60 - 25 70 A
TaMIN - 40 120 - 45 180
\'/ = +13.5V
MR oMy +135 108 12 = 109 12 a8
s< Uk:)/\
e TR P
i, 1 5 - 2 8 VAV
Large-Signal 1obo 2500
Voltage Gain .

Qutput Voitage
Swing

Vo

Ry = 2k

7‘12.1;/ +126

ELECTRICAL CHARACTERISTICS at Vg = +15V,0°C < To< 7 °C.%l?:-sf

e 4
OP-06F o]
PARAMETER SYMBOL CONDITIONS MIN TYP MAX
Input Ofiset Voltage
(Without external Vos Rg = 20k (Note 2) - 0.25 08
trim)
Average Input Offset
Voltage Drift (With- TCVps Rg = 5001 (Notes 1, 2) _ 0.7 2.0 - 1.4 45 wV/eG
out external trim)
Averags Input Offset
RAe =
Voltage Drift {With TCVosn i x‘ﬂmm“ 29 — o028 10 - o5 15 wrc
external trim) &
Ta MAX _ 0.65 5.0 o 20 15
Input Offset Current I A
P os Ta MIN — 20 180 - 30 25 e
Average Input Oftset
Gurrent Drift TClgs (Mote 1) — 8 90 - 14 150 pA/ISC
2 Ta MAX — 30 80 — a5 110
Input Bias Current 1
a3 8 Ta MIN = 45 180 = a5 180 DA
Common-Mode Vou = £13.5V
MRR — -
Rejection Ratio “ Rg = 20k0 109 112 95 110 a8
Power Supply Vg=+3V 1o +18V
PSRR -_ H J -
Rejection Ratio 5 Rg < 20k(} B T 30 s BV
— Vg ==10V; A = 2kN
Voltage Gain Avo Ta MAX 1,000 3,500 — 400 3,200 - Vimy
Ta MIN 800 1,800 _ 300 1.700 -
Qutput Voilage
Swing Vo Ry = 2k0} +120 *126 _ *11.0 #1286 _ v
NOTES:

1. Sampie tested.
2. Thermoelectric voitages generated by dissimilar metals at the contacts to
the input terminals can degrade drift performance. Both sides of the

contacts should be kept at approximately the same temperature Aill
temperature gradients should be minimized.
3. Guaranteed by input bias current
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DICE CHARACTERISTICS |

NULL

. INVERTING INPUT
NONINVERTING INPUT
v...

COMPENSATION
OUTPUT

V+

NULL

ENPNALNS

DIE SIZE 0.095 x 0.051 inch, 4845 sq. mils
{2.41 X 1.30 mm, 3.13 sq. mm}

PN

WAFER AEST LIMITS =
OP-Q6GT devices/unjes oimn ted./(.NoJ.e\
OP-06GT OP-06G OP-06GR

2)
PARA&TM /‘i\" nqL\Qoé'm(ns Og-oL?H?ﬁ:: LiMIT LT LiMIT UNITS
Input OﬁsW VJS Us/g}m(‘ik\\ /09/—\ \'2 h 0.7 0.5 13 HJVM"?X__.

input Offset Current los / 1 \ \2 / / 4 [~—~—"5 13 nA MAX

)
input Bias Current s .~ / ko ] /] |/ 70 [ ~_8 3 ~_ 110 nA MAX
Input Resistance — \_/ e - OT\I 05 —
Ditferential Mode Rin iy — ’ - ’
Input Voltage Range IVR +13.0 * ssA 'Nm / /M/ ,_[13.% /v

Common-Mode Ve = £13.5 \4
MRR 108 114 o 4 1o dB
Rejection Ratio e Rg < 20k0 B

= +
Fowge SUpety: PSRR Vs = 3V to 218V 6 2 8 5 L/ 10 fuvrf MAX
Rejection Ratio Rg < 20k}
AL > 10k0 — +12.5 o +12.5 +12.0 m
Output Voltage Swing Vo R, = 2kn +12.0 +12.0 +12.0 *+12.0 +11.5 V MIN
Ry = 1k - +11.0 - +11.0 —
- =
e A o i 1000 1000 800 1000 500 V/mV MIN
Voltage Gain Vo=110V
Differential input +30 +30 +30 +30 +30 V MAX
Voltage :
Power Consumption Py _ 120 _ 120 150 MW MAX
Goup=ovy, e e o e
NOTE:

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

TYPICAL ELECTRICAL CHARACTERISTICS at Vg =15V, Ty = +25°C, uniess otherwise noted.
OP-06NT OP-06N OP-06GT OP-06G OP-06GR

PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL ) TYPICAL TYPICAL TYPICAL UNITS
AJSL?ZZ oot Tovos Rs = 500 0.3 03 07 i i B
e .
Average Input Offset TClos 3 4 8 8 14 PA/SC

Current Drift
NOTES:
1. Guaranteed by input bias current.
2. For +25°C specifications of OP-06NT and OP-06GT, see OP-06N and
OP-06G respectively.
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TYPICAL PERFORMANCE CHARACTERISTICS

SLEW RATE CLOSED-LOOP FREQUENCY
OPEN-LOOP RESPONSE FOR USING RECOMMENDED RESPONSE FOR VALUES OF
VALUES OF COMPENSATION COMPENSATION NETWORKS COMPENSATION
P01 c1-soor 1= 100 | ] 0 E s tv 111 s O eiosoor ] i
C1s 0.001uF, BT = 47041 : : 1 m " 191-:]: ﬁ\
AN ' NEES
A1 = 470 _ - & - 4707
8 o0 PN N ] g P ! .
3 < \ ~3 Q" 3 z C1 = 0.01uF, R1 = 479 g
3 1 IS A 2 3 | | N
60 é 0 ——
é Vs - 118V \ N = S €1 - 0.05:F, RY = 2702 — \
= Ta = 28°C \ E b » WLl A THEI & €2 = 0.0015,F, R2 = 2701 ™~
§ } NS D F Hl tiH. 1. I 2 o ] 1____“‘ N
e C1 = 0.054F, R1 = 2702 \ —74- Pt il ; - 1 1—]— ] 2; 23_‘%?2}2 ;35: ™~ \
€2 = 0.00154F, A2 = 27002 \ 5.01 LA i i 4] | .\‘<
s T 1 P l:{ Hu & NOCOMFENS\ATIDN u££n£9~ -2 _i—_ T g
€1+ 0.054F, R1 < 100 \ ERIN -T"'H' i | 4 \ ::“25 &
30 |_ €2 ~ 0.02uF, RZ = 3902 e L1 111 “ ! 46 | R
0 oo 1k 10k 100k M tOM 10 10 100 1k 10k 100k 100 200k 400k 600K BOOK 1M M
FREQUENCY [Hz} CLOSED-LOOP GAIN (V/V} FREQUENCY (Haz)
NEY C@IS T
ENFATJONVALUE RN
Lo NN~
N\& S &
F (1) (uF)

oo e o | — | =

1000 470 0. [ ] =
100 47 N .
10 27 0.05 270  owossd

1 10 0.05 39 0.02

COMPENSATION CIRCUIT (J or Z PACKAGE)

Ve OFFSET VOLTA
206z*> TRIM

GE

USE Ry (= 5101 WiTH
CAPACITIVE LOAD

TURNED TO GROUND, SERIOUS DEGRADATION OF POWER
SUPPLY REJECTION PERFORMANCE WITH FREQUENCY
WILL OCCUR. SEE TYPICAL CURVES (PSRR vi1 FREQUENCY}.

**THE TRIMMING POTENTIOMETER SHOULD BE 20kil FOR
OPTIMUM NULLED OFFSET VOLTAGE DRIFT. SEE TYPI.
CAL CURVES (TRIMMED OFFSET VOLTAGE DRIFT AS A
FUNCTION OF TRIMMING POTENTIOMETER).

COMPENSATION

V- OR GND*®

2
O
6
le“—O
3
o +
5
*THE COMPENSATION NETWORK (A1, C1) SHOULD BE RE- ‘lC‘
TURNED TO THE V-TERMINAL. IF THE NETWORK IS RE- i FREQUENCY

-5~
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TYPICAL PERFORMANCE CHARACTERISTICS

TRIMMED OFFSET VOLTAGE

vs TEMPERAURE

* T T T T T
< |- Vgg TRIMMED TO £ SuV AT 25°C
3 HULLING POT = 20kQ
] Vg =215V
2 /
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> 20
g / /
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2 | 1. OP-0sA
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“ fp = S0k0 "]
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«

~0.5 | or.06A T OP-068 = Rp - 100k
- | -—f ey
O"NF " i
[ OPD6G
-10 | - Lt
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UNTRIMMED OFFSET VOLTAGE Vs (mV] (CURVES
ARE SYMMETRICAL ABOUT ZERO FOR Vgs < O}

CMRR vs FREQUE
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-

IRELIL

W
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WITH TIME

| POWER SUPPLIES TURNED ON AT T=0 |
| vps <204V AT T = 0.1 HOUR
N

|
W
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- WARM-UP DRIFT

CHANGE IN NULLED OFFSET VOLTAGE {uV)
o
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OFFSET VOLTAGE
vs TEMPERATURE
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S el
OP-06G
mluﬁs k-
-.--""""—|-~ OP-06F ——!
01—
fAg = 5000
| Vg = $15V
@0 i |
-75 -50 ~25 0 25 S0 75 100 125

TEMPERATURE (°C}

OFFSET CURRENT (ng}

a1
-7 -0 ~25 0 25 5O Y5 100 125
TEMPERATURE (°Ci
PSRR vs FREQUENCY
(OP-06B, OP-06E)
120 T T a3l T TTTT
el il NO EXTERNAL
™ . ] ﬂ COMPENSATION
110 \ : o ;
X\
100
90
BO
?D )
&0 { | \14. i i
1] 100 1 10k 100k ™M
FREQUENCY (Hz}
1. C1 < 0.001uF, R1 = 47052 FROM PIN 5 TO V-
2 Cl=01uF R1=5{1T0 V-
3. C1=0.001uF] R1 = 47000 FROM PIN 5 TO GND
4. C1=0.054F, R1 = 1062, C2 = 0.02uF,
RZ « 390 TO V-
5 C1=0.05uF, A1 = 1082, C2 « 0.02uF,

RZ = 3902 TO GND

ERROR BAND ;
- UL e !{N?NCUMMULATWE
0,001 6o a1 10 100 1000
TIME (HOURS)
INPUT BIAS CURRENT
vs TEMPERATURE

INPUT |A7lcﬁm7m (nA]

~76 50 -5 []

¥ 50 75

TEMPERATURE (°C)

MAXIMUM OUTPUT VOLTAGE

vs LOAD RESISTANCE

e
o

T

MAXIMUM QUTPUT SWING [VOLTSI
-
=l

LOAD RESISTANCE TO GROUND (13}
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TYPICAL PERFORMANCE CHARACTERISTICS

VOLTAGE NOISE DENSITY INPUT WIDEBAND NOISE
vs FREQUENCY vs BANDWIDTH
o T I ey 4 n.;:w ----- i ij”ii‘u =]
i 3 " 0.01Hz TO mznue \r.ur\;clumrlsn'i
IR MBI N m 4709, ©1 = 0.0014F TO V—
g E ' BERL P 1 . . i
p = ; o i
g " 2 5 it
g -.ﬁ.-.“-.. - : ...... o — -
§ Fﬂ::-_;—_‘ff" 10 —f i
> P -
il i
100 T 10k 100k
BANDWIDTH {Hz)
OPEN-LOOP GAIN vs
/s&wakvou'mz
/. - A —
Ju\/ ........... - \_"7" ]
[ | . -
s JE K e
5 106 § 106 — < — 7 y -
3 — 8 LT I —
Z ; I o ]
a w J ~~J
° & _F_ ....... h
108 105
-0 —40 o a0 80 120 160 o 15 £10 15 £20 +26
TEMPERATURE (°C} SUPPLY VOLTAGE {VOLTS)
{NPUT BIAS CURRENT vs
DIFFERENTIAL POWER CONSUMPTION vs
INPUT VOLTAGE SUPPLY VOLTAGE
ao -30 1000 T e e
1Tl ¥
AT WVpyppl €10V, —— 3 =
za CImMEEA A T T
: ‘ = 8 [
= W “10 & g < -
& \ 1/ 3 N | P e acio: iy e S e e e
& r 4 %
g ° o @ 32 ==
g I E § DU SN — S—
£ 1w v 10 E «
g : ¢ EEAEFEt
4l 3 C yp-2mC
30 i 20 J I
;- w0 w20 30 ¢ 1 20 3 4 50 &

DIFFERENTIAL INPUT VOLTAGE [VOLTS) TOTAL SUPPLY VOLTAGE, V+ TO V- (VOLTS)

NOISE FIGURE (dB)

IVgLTS!

PEAK AMBLITUD,

PAK.

QUTPUT SHORTCIRCUIT CURRENT ImA}

NOISE FIGURE vs
SOURCE RESISTANCE

£1 S -

]

THz

i S B

1
Ta=25°C
vs-ns\r

ekl

R
ull ?"||i1..if.’12

100

20

Th 10k

SOURCE RESISTANCE [I1)

MAXIMUM QUTPUT SWING

vs FREQUENCY

GAIN = 1

GAIN = | | GAIN = 10,000

‘1

l

‘

=1
HED O e WY AR5 I O
_—

GAIN =

IR YT

1,000

b 1
FREQUENCY (Hz)

OUTPUT SHORT-CIRCUIT

CURRENT

e T = 28°C
Vg = 15V

T S—

1 (PIN 3} =

Vi =10mv,
Vp = 16V
e R S S —
i T
4 VN PIN 3} < #10mV.
Vo s —16V
o 1 2 4

TIME FROM QUTPUT BEING SHORTED IMINUTES)
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GUARANTEED PERFORMANCE CHARACTERISTICS

T IEEE
OP-06F o
o°c 1o 70°C ]

g
H

MAXIMUM ERROR AEFERRED TO INPUT {mV)

=
b eedd

1

s H 111 i

1.0 F v UNTRIMMED —55°C TO 125°C T

------ IR N R R .

[~ Z UNTRIMMED 25°C | *
i :

-]
-
Y

=
=l

pmmi »
W TRIMMED —55°C TO 125°C

L

MAXIMUM ERROR REFERRED TO INPUT (mV)

W TRIMMED 0°C TO 70°C -+

MAXIMUM EAROR REFERRED TO INPUT {mV)

L il 0.0 { cifl 8 s i
* 10Kk 100k 100 1% 10k 100k
SOURCE RESISTANCE. R1 {12} SOURCE RESISTANCE, R1 {{2}

=
=3
3

SOURCE RESISTANCE, R1 (12}

ot b ity et :
= 2 | B - 5
[ w TRIMMED 0°C Ta 70°c 111

i ' ¥

MAXIMUM ERROR REFERRED 7)

SOURCE RESISTANCE, AT (2]



