n[ ’ \p OP-227/0P-237

TECHNOLOGY

FEATURES

® Guaranteed 80uV Max. Vos

= Guaranteed 6.0nV/~Hz 10Hz Voltage Noise Density
= Guaranteed 3.9nV/~/Hz 1kHz Voltage Noise Density
® Guaranteed 1pV/°C Max. Vos Drift

= Guaranteed 1 Million Min. Voltage Gain

= Guaranteed Matching Characteristics

® Guaranteed 10V/us Min. Slew Rate (0P-237)

APPLICATIONS

= |nstrumentation Amplifiers
= | ow Level Signal Processing
= Low Noise Audio Amplifiers

& " Strain Gauge Amplifiers

Precision Amplifier Drives 3000 Load to +10V

with 0.05% Accuracy

100
80 o
= L i)
z 0 SR
E ?u Hlll-. 1
= 1{ = 0P221C
¢ . et | T —oezon
—m
B0 1% § o
-40
E T
= OUTPUT &tV e =60
2R ’ ;. =& \"
3 TN
_j:_ ph e \up;[z:'c
= 120

INPUT

Dual Matched Low Noise
Precision Op Amp

and Dual High Speed Low Noise
Precision Op Amp

DESCRIPTION

The OP-227 is a dual matched precision op amp which
combines low offset, low noise, and high gain with ex-
cellent matching characteristics. Typical individual
amplifier specifications of 20uV Vps, 0.2xV/°C drift,
10nA 1g and 2.8nV/~Hz 10Hz noise voltage density
make the OP-227 an impressive performer in terms of
single amplifiers. Matching characteristics are specified
with guaranteed limits on all critical parameters including
Vos, Vos drift, Igias and CMRR (see the Features sec-
tion), which make the OP-227 an ideal choice for two and
three op amp instrumentation amplifier applications.

The OP-237 offers DC specifications identical to the
0P-227 and is decompensated for higher speed operation
at inverting gains greater than 5.

Matching Characteristic;
Drift of Offset Voltage Match
of Representative Units
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OP-227/0P-237
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION

Supply Voltage (Note 9). . ................. £22V ToPviEW ORDER

Internal Power Dissipation . . .............. 500mW

[OREBHRAE: e s Equal to Supply Voltage = L[::E ; A PART NUMBER

Qutput Short-Circuit Duration ............ Indefinite Y v #)

Differential Input Current (Note8) .. ...... .. =+ 25mA T 7] +1h 193

Storage Temperature Range. . .. .. —65°Cto +150°C v- @[E] e |OP-227AJ OP-237A

Operating Temperature out 2] Quuw  OP-227C) OP-237C
OP-227A/237A/227C/237C .. —55°C10 +125°C v ol o s
OP-227E/237E/227G/237G ... —25°C10 +85°C OP-297EN OP-237EN

Lead Temperature Range (Soldering, 10sec.) .. 300°C 14 71K KERMERC 14 PN BLAGTIC

0P-227GN OP-237GN

NOTE: DEWICE MAY BE OPERATED EVEH IF INSERTION
15 REVERSED: THIS IS DUE T INHERERT SYMMETRY OF
FIN LOCATIONS OF AMPLIFIERS A AND B {NOTE 9)

ELECTRICAL CHARACTERISTICS individual Amplitiers

Vs= =15V, T4 =25°C, unless otherwise noted

OP-227A, E Op-227C, G
SYMBOL | PARAMETER CONDITIONS 0P-237A, E 0P-237C, 6 UNITS
MiN TYP MAX MIN TYP MAX
Vos Input Offset Viollage (Note 1) - 20 80 — 60 180 uv
AVgs Long Term Vgg Stability (Motes 2. 3) = 0.2 1.0 = 02 2.0 N/ Mo

ATime S’

lgg Input Otfset Current - 7 35 - 12 [ nA

lg Input Bias Current - =10 =40 = +15 + 80 nA

Bros Input Noise Voltage 0.1Hz to 10Hz - 0.06 0.20 - 0.06 0.28 wp-p
(Motes 3, 5)

B Input Moise Violtage Density | fp=10Hz (Note 3) - 2.8 6.0 — 2.8 9.0 v/ Hz
fo=30Hz (Note 3) — 2.6 4.7 - 2.6 5.9 v/ vHz
tp=1000Hz (Note 3) o 2.3 2.9 - 2.5 4.6 v/ +~Hz

in Input Noise Current Density | fp=10Hz (Notes 3, 6) - 1.5 4.5 - 1.5 - pAS JHz
Ip="30Hz (Notes 3, 6) — 1.0 25 — 1.0 - ph/ ~Hz
fp=1000Hz (Notes 3, 6) | — 0.4 0.7 - 0.4 0.7 pa/ WHz

Input Resistance— - 7 - - 5 - G
Common Mode
Input Voltage Range +11.0 =125 — =110 +12.5 = ]

CMRR %mmun Mode Rejection Vo= £11V 114 126 - 100 126 - dB

fio

PSAR Power Supply Rejection Ratio | Vg= + 4V to £ 18Y - 1 10 — 2 20 P

AygL Large-Signal Violtage Gain R =2kl Vo= =12V 3 20 = 2 20 = WiV
R = 6008, Vo= £ 10V 1 12 - 08 12 - ViV

Vour Output Voltage Swing Ry = 2k0 120 +£13.8 = +£11.5 2135 = v
Ry = 6000 +=10.0 +12.5 - 10,0 £1256 - v

SR Slew Rate OP-227 | Ry = 2k1? 1.7 28 - 1.7 28 - Vs

0P-237 | Awg =5 10 15 s 10 15 = W/ ps

GBW Gain Bandwidth Prod. OP-227 | fa=100kHz (Note 4) 5 ] - b ] - MHz

OP-237 | g =10kHz (Nate 4) 35 63 = L] 63 - MHz
0P-237 | fg=1MHz (Ayp 25 - 40 - - 40 — MHz

Iy Open-Loop Output Resistance | V=0, ly=0 — 7 — = 70 — Q "

Py Power Consumption Each Amplifier - a0 140 - a0 170 mi

Difset Adjustment Range Ap=10k{ — +4 T 7 =4 - mi
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OP-227/0P-237

™ ELECTRICAL CHARACTERISTICS inaividual Ampiiers
Ve= £ 15V, —25°C =Tp=85°C, unless otherwise noted
0P-227E 0P-227G
SYMBOL | PARAMETER COMDITIONS 0P-237E OP-2376 UNITS
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage (Mote 1) ° - 40 140 — 85 280 v
AVge Average Input Offsel {MNote 7) ® — 0.2 1.0 - 0.3 1.8 aVy oG
Alemp Drift
los Input Offset Current ] —_ 15 a0 - 20 135 nd
Ig Input Bias Gurrent L] - =20 +60 - =35 + 150 nA
Input Voltage Range e | =105 =«=11.5 = =105 =115 = ]
CMAR Common Mode Veu= =100 [ ] 110 124 - 86 118 - dB
Rejection Ratio
PSRR Power Supply Ve=x45Vio 218V | » — 2 15 — 2 32 py
Rejection Ratio
Ayar Large Signal Voltage | R, =2k2, Vo=«10V | @ | 1 14 - 0.8 14 - T
Gain
Vour Output Voltage Swing | R =2k | =117 £136 = £11.0  £13.3 = v
ELECTRICAL CHARACTERISTICS individual Amplifiers
V= +15V, —55°C =Tp =125°C, unless otherwise noted
0P-227A op-227C
4™, SYMBOL | PARAMETER CONDITIONS 0P-237A op-237C UNITS
MIN TP MAX MIN TYP MAX
Vos Input Offset Voltage {Mote 1) ™ - ] 180 — 110 350 My
aVps Average Input Offset | [Note 7) ) = 0.2 1.0 = 0.3 1.8 T
ATemp Drift
los Input Offset Current - - 15 a0 - 30 135 nA
lg Input Blas Current - - =20 =0 — =35 % 150 nf
Input Vollage Range @ [ =105 =118 - £10.2 =118 - v
CMRR Common Mode Vo= & 10V [ ] 108 122 - 94 116 — a8
Rejection Ratio
PSAR Power Supply Ve= 24 5V1I0 =18V | » — b 16 = 4 N v
Rejection Ralio
LI Ea[ge Signal Voltage Rz ki Vo=210V | @ 1 14 - 0.8 14 — v
ain
Vaur Oulput Vollage Swing | R =2k} e | =115 =135 . =105 £13.0 o W

The @ denotes the specifications which apply over the full operating
temperature range,

For MIL-5TD components, please refer to LTC 883C data sheet for test
listing and parameters.

Note 1: Input offset voltage measurements are performed by automated
fest equipment approximately 0.5 seconds after application of power.
Mote 2: Long-Term Input Offset Violtage Stability refers to the average
trend line of Vg vs Time over extended periods after the first 30 days of
operation.

Mote 3: Sample lested.

Note 4: Parameter is quaranteed by dasign.

Mote 5: See test circuit and frequency response curve for 0.1Hz to 10Hz
tester.

Mote 6: See test circuil for current noise measurement.

MNote 7: The input offsel drift performance is within the specifications un-
nulled or when nulled with Rp =8k to 20k52.

Note 8: The inputs are protecled by back-to-back diodes. Current limiting
resistors ane not wsed in order to achieve low noise. T differential input
woltage exceeds = 0.7V, the input current should be limited to 25mA,

Mote 9: The V™ supply terminals are completely independent and may be
powered by separate supplies if desired (this approach, howaver, would
sacrifice the advantages of the power supply rejection ratio matching). The
V™ supply tlerminals are both connected o the common subsirate and
must be tied 1o the same volfage, Both V™ pins should be used.
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OP-227/0P-237

I'I'IH'I'CHII'IG CHHHHCTERISTICS See notes on page 3.

at Vg = =15V, T4=25°C, unless otherwise noted

OP-Z2TA, E, OP-237A, E

OP-227C, G, OP-237C, G

SYMBOL | PARAMETER
0 CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
aVos Input Offset Viollage Match - 25 &0 — 55 300 i
lg* Average Non-Inverting Bias - =10 =40 - =15 £ 80 nA
Current
lgs * Non-Inverting Offset Current - +12 % 0 - =20 +130 nA
las ™ Inverting Offset Current o0 =12 £ G0 E= £20 %130 nA
ACMRR | Common Mode Rejection Vo= £11V 110 123 — 97 "7 - dB
Ratio Match
APSRR | Power Supply Rejeclion Ve=2dV o = 18Y o 2 10 — 2 20 Ly
Ratio Malch
Channel Separation (Note 4) 126 154 - 126 154 - dB
Ahygy, | Gain Match fg=100kHz (Note 4) - 1.5 6.0 - 2.0 8.0 %
R =2k, Vo= 10V
at Vg= +15V, —55°C =Ty =125°C, unless otherwise noted
OP-22TA, OP-237A 0p-227C, OP-237C
SYMBEOL | PARAMETER CONDITIONS UNITS
MIN TP MAX MIN TYP MAX
AVys Input Offset Voltage Match ] — a5 180 - 100 480 ¥
AVps | Input Offset Voltage Tracking | (Nofe 7) | - 0.3 1.0 - 0.5 1.8 | Wv/°C
ATemp
Ig* Average Mon-Inverting Bias ® - =20 =60 — +45 =170 mh
Current
Alg* Average Drift of Non- e | — 100 - - 200 — pasec
Alemp | Inverting Bias Current
lgs ™ Mon-Inverting Offset Current e | — +25 +90 - +45 + 250 nA,
log* Average Drift of Non- e | - 130 - - 250 - pAsee
ATemp Inverting Oiiset Current
lge™ Inverting Qifset Current ® - +75 +40 - =45 + 250 na,
ACMRR | Common Mode Rejection Vo= =10V e | 105 118 ol a0 110 - dB
Ratio Malch
APSER | Power Supply Rejection Ve=24 5010 £18V |@ | — 2 16 - 4 51 Y
Ratio Match
at Vg = + 15V, —26°C =T, <85°C, unless otherwise noted
OP-227E, OP-23TE OP-227G, OP-237G
SYMBOL | PARAMETER CONDITIONS UNITS
MIN TYP MAX MIN TYP MAX
AVgs Input Offset Voltage Match o| - an 140 - 90 400 v
TCaVqs | Input Offset Voltage Tracking | (Mote 7) ® . 0.3 1.0 — 0.5 1.8 T
Ig* Average Non-Inverting Bias e — %14 60 = =25 =170 nA
Current
alg* Average Drift of Non- & — 80 — — 180 - paseC
“ATemp | Inwerting Bias Current
lgg* Non-Inverting Offset Curremt | — 220 =+ 30 - 435 =250 na
algs™ | Average Drift of Non- ¥ [ i 130 = - 250 = pA/°C
ATemp Inverting Offset Current
log ™ Inverting Offset Gurrent e| — =20 +80 = +35 + 250 nA
ACMRR | Common Mode Rejection Vo= = 10V e | 106 120 = 90 112 - dB
Ratio Malch
APSRR | Power Supply Rejection Ve=+4.5V10 =18V | @ - a 13 - K 32 eV
Ratio Maich

4
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OP-227/0OP-237

TYPICAL PERFORMANCE CHARACTERISTICS

0.01Hz to 1Hz Peak-to-Peak

Voltage Noise vs Frequency 0.1Hz to 10Hz Noise Noise
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OP-227/0P-237

TYPICAL PERFORMANCE CHARACTERISTICS

Voltage Gain vs Frequency

Ta=25°C
160 Vo= + 15V
0 Ay =2k
-
= 120 \\Q
Sm N
=2 NN
b opET \ N 0P23
s 6 v
g NN
= a0 b T
i AN
N
4 NN
h
b N
GO0 1 10 100 1k 10k 100k 1M 10M 100M
FREQUENCY [Hz)
Voltage Gain vs Load
Resistance
# V= + 15
To =250
N P
=
= Y
& 15 F‘
E Y
g ¥
z ¥
s Vi
E s
7
i
0.1 03 1.0 3.0 10.0
LOAD RESISTANCE (kf1)
Long Term Stability of Four
Representative Units
10
z s — —_—
L
= —
z gumm—
4 o 0. 2/ MONTH
= - i i
=
E _5 ——
= 0.3 MONTH TREMD LINE
-1
] 2 4 & ] 10
TIME (MORTHS)
-

OPEN LOOP VOLTAGE GAIN (V/uV)

WOLTAGE GAIN {V/uY)

OFFSET WOLTAGE (uV}

Voltage Gain vs Supply Voltage

%5 -
Ta=25"C
B =2kt —
2 L
. y
/ 1, = 6005k
T
0 /-"'# T
i
1]
1] x5 +10 +15 + 20 =25
SUPPLY VOLTAGE (V)
Voltage Gain vs Temperature
25 |
— . =2‘h!
- ——_._--__l_'n_‘-.l-H
= Ry=1k
15 1 | H‘\
H—u—___= H-|_=Eﬂ0'ﬂ H
10 B S
—
-H‘q.h‘-
5 'l’5= + 15V R‘
Vot = & 10V
'n'w'[: + B FOR TAEIM"P
i R =6000 : :
=50 =25 0 ¥» 5% m™ 100 125
TEMPERATURE [°C)
Offset Voltage Drift with
Temperature of Representative
Units
i) -
We= =15V
a0
0 ___,...J/
_‘f
il
____..--"""'}
0
0 /j
=10 —_— L
—a0 e
=
=30 — M‘H
) — ™~
50
—E0 25 0 25 50 75 W0 128
TEMPERATLIRE (*()

=2kf1

INPUT VOLTAGE (V] A,

GHANGE IN OFFSET VOLTAGE (V)

SUPPLY CURRENT {md)

Voltage Gain, Ry =2k and 600%2

&
[
i
gl
-!'-lf{-.'--bq-m-:
EX
G006

INFUT VOLTAGE [uV} Ry

-15 -1 =5 1] 5 0w 15
QUTPUT WOLTAGE (V)

MEASURED ON TEKTRONIX 178 LINEAR |G TESTER

Warm-Up Drift

Vgm 2 159
Ta=25°C

0

] 1 ? 3 q 3
TIME AFTER POWER ON [MINUTES)

Supply Current vs Supply
Voltage

4

o +5 +10 =15 =2

SUPFLY VOLTAGE (V)

LT N



OP-227/0OP-237

“ TYPICAL PERFORMANCE CHARACTERISTICS

Common Mode Rejection vs
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OP-227/0P-237

TYPICAL PERFORMANCE CHARACTERISTICS

NOLTAGE GAIN (dB)
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OP-227/0OP-237

“APPLICATIONS INFORMATION

~

~

Noise Tasting

The 0.1Hz to 10Hz peak-to-peak noise of the OP-227/
0P-237 is measured in the test circuit shown. The fre-
quency response of this noise tester indicates that the
0.1Hz corner is defined by only one zero. The test time fo
measure 0.1Hz to 10Hz noise should not exceed 10 sec-
onds, as this time limit acts as an additional zero to
eliminate noise contributions from the frequency band
below 0.1Hz.

Measuring the typical 60nV peak-to-peak noise per-
formance of the OP-227/0P-237 requires special test
precautions:

(a) The device should be warmed up for at least five
minutes. As the op amp warms up, its offset voltage
changes typically 3uV due to its chip temperature in-
creasing 10°C to 20°C from the moment the power
supplies are turned on. In the 10 second measure-
ment interval these temperature-induced effects can
easily exceed tens of nanovolts.

(b) Forsimilar reasons, the device must be well shielded
from air currents to eliminate the possibility of
thermoelectric effects in excess of a few nanovolts,
which would invalidate the measurements.

(c) Sudden motion in the vicinity of the device can also
"‘feed through’’ to increase the observed noise.

D.1Hz to 10Hz MNoise Test Circuit

hlitt}

_I_—oww.—-

L. VOLTAGE GAIN
- = 50,000

"DEVICE UNDER TEST

NOTE: ALL CAPACITOR VALLES ARE FOR
NOM-POLARIZED CAPACITORS ONLY. —;
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A noise-voltage density test is recommended when
measuring noise on a large number of units. A 10Hz noise
voltage density measurement will correlate well with a
0.1Hz to 10Hz peak-to-peak noise reading since both re-
sults are determined by the white noise and the location of
the 1/f corner frequency.

Current noise is measured in the circuit shown and calcu-
lated by the following formula:
- [6%n0 — (130nV)?)"

1M 3% 100

= b— g

The OP-227/0P-237 achieves its low noise, in part, by
operating the input stage at 120wA versus the typical
10uA of most other op amps. Voltage noise is inversely
proportional, while current noise is directly proportional to
the square root of the stage current. Therefore, the OP-227/
OP-237 current noise will be relatively high. At low frequen-
cies, the low 1/f current noise corner frequency ( = 120Hz)
minimizes current noise to some extent.

0.1Hz to 10Hz p-p Noise
Tester Frequency Response

il .

&

=

M
BAIN (g6}

0.0 0.1 1.0 19 100
FREQUENCY [Hz)

9



OP-227/0P-237

APPLICATIONS INFORMATION

In most practical applications, however, current noise
will not limit system performance. This is illustrated in the
total noise versus source resistance plot, where total
noise =[(voltage noise)? + (current noise x Rs)? +
(resistor noise)2]” .

Three regions can be identified as a function of source
resistance:

(i) Rs =400Q-Voltage noise dominates

APPLICATIONS INFORMATION
OP AMP MATCHING
Advantages of Matched Dual Op Amps

In many applications the performance of a system de-
pends on the matching between two operational ampli-
fiers rather than the individual characteristics of the two
op amps. Two or three op amp instrumentation amplifiers,
tracking voltage references and low drift active filters are
some of the circuits requiring matching between two op
amps.

The well-known triple op amp configuration illustrates
these concepts. Output ofiset is a function of the dif-
ference between the offsets of the two halves of the
0P-227 /0P-237. This error cancellation principle holds
for a considerable number of input referred parameters in
addition to offset voltage and its drift with temperature.
Input bias current will be the average of the two non-
inverting input currents (Ig*). The difference between
these two currents (lps *) is the offset current of the in-
strumentation amplifier. The difference between the in-
verting input currents (lps ) will cause errors flowing
through R1, R2, and R3. Common mode and power sup-
ply rejections will be dependent only on the match be-
tween the two amplifiers (assuming perfect resistor
matching).

The concepts of common mode and power supply rejec-
tion ratio match (ACMRR and APSRR) are best demon-
strated with a numerical example:

Assume CMRRa = +1.0uV/V or 120dB,

and CMRRg = +0.75uV/V or 122.5dB,

then ACMRR =0.25xV/V or 132dB;

if CMRRg = —0.754V/V which is still 122.5dB,
then ACMRR =1.75xV/V or 115dB.

(i) 400Q=Rs =50kQat 1kHz Resistor noise
4001 =Rs <8k at 10Hz  dominates

(iil) Rs >50kQat1kHz Current noise
Rs >8kQ at 10Hz  dominates

Clearly the OP-227 /0P-237 should not be used in region
(iii), where total system noise is at least six times higher
than the voltage noise of the op amp, i.e., the low voltage
noise specification is completely wasted.

Clearly, the OP-227 /0P-237, by specifying and guaran-

teeing all of these matching parameters, can significantly

improve the performance of matching dependent circuits.
Three Op Amp Instrumentation Amplifier
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Trim R8 for gain
Trim R9 for DC common mode rejection
Trim R10 for AC common mode rejection

Typical performance of the instrumentation amplifier:

Input offset voltage =60V

Input bias current = + 15nA

Input offset current= =+ 20nA

Input noise =0.08uVp-p

Power bandwidth (Vo = +=10V) =250kHz
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OP-227/0OP-237

“" APPUCATIONS INFORMATION

Two Op Amp Instrumentation Amplifier
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Intormation furnished by Linear Technalogy Corporation is believed to be accurale and
refiable. However, e responsibility is assumed Tor its use, Linear Technology Corpora-
tigdl makes nd representation that the interconnection of is circuits as described herein
will not infringe on existing patent rights.
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OP-227/0P-237
SCHEMATIC DIAGRAM
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PACKAGE DESCRIPTION vimensions in inches (millimeters) unless otherwise noted.
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