ALPHA

SEMICONDUCTOR
E=—=—=—— Excellence in Analog Power Products AS OP-10

Dual Matched Instrumentation
Operational Amplifier

FEATURES APPLICATIONS

» Extremely tight matching * Sampling & Hold Amplifiers

¢ Offset match.......ccccovivreecrnniciieecerenreeend 0.18mV Max.. » Integrators

¢ Channel separation. ® Medical Instrumentation

® Low bias CUuItent.........ccovvvecnriicimeiiiniscsenesenneene o Strain Gauge & Thermocouple
SHigh R oo in .. o Precision Absolute Value Circuits
 Bias current match .

® LOW NOISE ..ottt crenese et cerarnesasesnensane 0.6p.VwMax

PRODUCT DESCRIPTION

The ALPHA Semiconductor AS OP-10 is a dual-matched instrumentation operational amplifier that offers two independent
monolithic high-performance operational amplifiers in a single 14-pin dual-in-line package. Tight matching between channels is
provided on the main parameters including offset, tracking of offset vs. temperature, non-inverting bias current and common mode
and power supply rejection ratios.

The OP-10 is available in several different grades. The AS OP-10 is available in hermetically sealed 14 pin dual-in-line package. The
operating temperature is 0°C to 70°C and -55°C to +125°C.

ORDERING INFORMATION
Plastic DIP TA=25°C Oper. Temp.
14-PIN Vs Max (mv) Range
OP10EY 0.5 COM
OP10CY 0.5 COM

PIN CONNECTIONS

14-Pin EPOXY DIP

NULL (Ax—] @ 10 aVHA)
NULL (A)} 2 13 1 OUT(A)
-IN(A) 3}9-[ 12 3Vv-(A)
+IN(ALR 4 i1 [1+INB)
V-B) s 10 I -IN(B)
OUT(B)§ 6 9 EANULL(B)
VHBY 7 8 FANULLB)

Top View




AS OP-10

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Internal Power Dissipation ( Note 1 }
Differential Input Voltage ...
Input Voltage (Note 2 ) ...
Qutput Short-Circuit Duration....
Storage Temperature Range

Y Package ... -65 to +150°C
Operating Temperature Range

OP10A, OP10 .-55 to +125°C

OP10E, OPI0C .....ccovvi it s 0to +70°C
Dice Junction Temperature(T3) ............ -65 to +150°C
Lead Temperature (Soldering, 60 Sec.) e 300°C

NOTES:

1. See Table for maximum ambient temperature rating and
derating factor.

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

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

MAXIMUM AMBIENT DERATE ABOVE
PACKAGE TYPE TEMPERATURE MAXIMUM AMBIENT
FOR RATING TEMPERATURE
14-Pin Plastic DIP 106°C 11.3 mW/°C

ELECTRICAL CHARACTERISTICS at V=+15V, Ta=25°C, unless otherwise specified.

OP-10
Parameter Symbol Conditions Min. Typ. Max. Units
Input Offset Voltage Vos 0.2 0.5 mV
Long-Term Input Offset Voltage Stability Vog/Time (Note 1) 0.25 1o VM,
[nput Offset Current Ihs 1.0 28 nA
Input Bias Current Ig +1 +3 nA
Input Noise Voltage (Note 2) npp 0.1Hz to10Hz 0.35 0.6 Wop
Input Noise Voltage Density (Note 2) e f,=10Hz 10.3 18.0 nV/VHz
Input Noise Voltage Density (Note 2) € f,~100Hz 10.0 13.0 nV/VHz
Input Noise Voltage Density (Note 2) € f,=1000Hz 9.6 nV/VHz
Input Noise Current (Note 2) inp P 0.1 Hz to 10Hz 14 30 PALp
Input Noise Current Density (Note 2) iy f,=10Hz 0.32 0.80 pA/NHz
Input Noise Current Density (Note 2) iy f,=100 Hz 0.14 023 pA/NHz
Input Noise Current Density (Note 2) in f,=1000Hz 0.12 0.17 pA/NHz
Input Resistance-Differential-Mode R, (Note 3) 20 60 MQ
Input Resistance-Common Mode RineM 200 GQ
Input Voltage Range IVR %13 14 v
Common-Mode Rejection Ratio CMRR Veu=t13.0 110 126 dB
Power Supply Rejection Ratio PSRR Vg #3Vi0 218 4 10 v
Large-Signal Voltage Gain AVg Ry 22K, V=10V 200 500 VimV
Large-Signal Voltage Gain AVg ,R22K0, V =205V Vs=£3V(Note 3) 200 150 500 VimV
Output Voltage Swing o RI 2 10kW 25 | £13.0 v
Output Voltage Swing R RI22kQ) 120 | +128 v
Qutput Voltage Swing Vo RIz1kQ £105 | =120 v
Slewing Rate SR R] 22kQ 0.17 Vius
Closed-Loop Bandwidth BW Ayi=+1.0(Note 1) 0.6 MHz
Open-Loop Output Resistance R, V=0, Io=0 60 Q
Power Consumption - Py Each Amplifier 90 120 mW
Power Consumption Py V=23V, No load 4 6 mW
Offset Adjustment Range Rp=20kn +4 mV
Input Capacitance Cin 8 pF
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AS OP-10

Notes:

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

Vs. Time over extended periods after the first 30 days of operation. Excluding the
initial hour of operation, changes in Vos during the first 30 operating days is typically.
25mV.

2. Sample tested
3. Guaranteed by design.

INDIVIDUAL AMPLIFIER CHARACTERISTICS at V=15V, Ta=25°C, unless otherwise specified.

OP-10E OP-10C
Parameter Symbol Conditions Min. Typ. Max. | Min. Typ. Max. | Units
mset Voltage Vs 0.2 0.5 02 0.5 mV
Long-Term Input Offset Voltage Stability Vog/Time (Note 1) 0.3 1.5 0.5 nViM,
Input Offset Current Tos 12 38 18 6.0 nA
Input Bias Current Iy +1.2 +4.0 +1.8 +7.0 nA
Input Noise Voltage (Note 2) Cupp 0.1Hz to10Hz 035 | 06 038 | 0.65 Wy
Input Noise Voltage Density (Note 2) [N £,=10Hz 10.3 18.0 103 20.0 nV/AHz
Input Noise Voltage Density (Note 2) €, f,=100Hz 10.0 13.0 10.2 13.5 nV/VHz
Input Noise Voltage Density (Note 2) N f,=1000Hz 9.6 11.0 9.8 1.5 nV/NHz
Input Noise Current (Note 2) pp 0.1 Hz to 10Hz 14 30 15 35 PALp
Input Noise Current Density (Note 2) iy {,~10Hz 032 0.80 0.35 0.90 "~ pANHz
Input Noise Current Density (Note 2) i f,=100 Hz 0.14 023 0.15 0.27 pA/NHz
Input Noise Current Density (Note 2) in f°=1000}{z 0.12 0.17 0.13 0.18 pA/NHz
Input Resistance-Differential-Mode Rip (Note 3) 15 50 8 33 MQ
Input Resistance-Common Mode RincM 160 120 GQ
Input Voltage Range VR *13 14 +13 +14 v
Common-Mode Rejection Ratio CMRR Vem==13.0 106 123 100 120 dB
Power Supply Rejection Ratio PSRR Vg#3Vio 18 4 20 10 32 nv/v
Large-Signal Voltage Gain AVq R]zzm, V=210V 200 500 120 400 Vimv
Large-Signal Voltage Gain AVO R]ﬂkﬂ, V°=:EO.5V Vs=+3V(Note 3) 150 500 100 400 VimV
Output Voltage Swing v, RIZ10k0) 125 | 130 120 | #13.0 v
Output Voltage Swing A RI22k0 120 | =128 115 | 2128 v
Output Voltage Swing Vo RI21k(} £10.5 *120 £12.0 v
Slewing Rate SR Riz2kQ 0.17 017 Vius
Closed-Loop Bandwidth BW Ayer=+1-0(Note 1) 0.6 0.6 MHz
Open-Loop Output Resistance R, V=0, lo=0 60 60 Q
Power Consumption Py Each Amplifier 90 120 95 150 mwW
Power Consumption Py V=3V, No load 4 6 4 3 mW
Offset Adjustment Range R,=20k0 +4 +4 mv
Input Capacitance Cin 8 8 pF
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AS OP-10

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

OP-10
Parameter Symbol Conditions Min. Typ. Max Units
Input Offset Voltage Vos E 0.3 0.7 mV
Average Input Offset Voltage uvreC
Drift Without External Trim TCV s (Note 1) 0.7 2.0 uvree
With External Trim TCV Rp=200Q2 (note 3) 03 L0
Input Offset Current Tog R 1.8 5.6 nA
Average Input Offset Current Drift TClyq Note 2 8 50 pA/°C
Input Bias Current [ +2 6 nA
Average Input Bias Current Drift TCly Note 2 13 50 PA/C
Input Voltage Range VR £13.0 | 2135 v
Common-Mode Rejection Ratio CMRR Vem 130V 106 123 dB
Power Supply Rejection Ratio PSRR V=3V 1o +18V 5 20 uvrv
Large-Signal Voltage Gain A R22Q, V =10V 150 300 VimV
QOutput Voltage Swing Vo Rp2200 +12 +12.6 v
MATCHING CHARACTERISTICS at V=+15V, Ta=+25°C, Unless otherwise specified.

OP-10
Parameter Symbol Conditions Min.  Typ. Max. Units
Input Offset Voltage Vs 0.2 0.5 mVv
Average Noninverting Bias Current Ig+ +1.3 +4.5 nA
Noninverting Offset Current logt 11 45 nA
Inverting Offset Current Iost 11 4.5 nA
Common-Mode Rejection Ratio Match CMRR Veu=t13v 106 120 dB
Power Supply Rejection Ratio Match PSRR Vg=3Vioz18 4 20 Y
Channel Separation cs (Note 2) 126 140 dB
MATCHING CHARACTERISTICS at V=£15V, -55°C<Ta<+125°C, unless otherwise noted.

OP-10
Parameter Symbeol Conditions Min.  Typ. Max. Units
Input Offset Voltage Match Vos 02 0.9 mv
Input Offset Voltage Tracking pvrC
Drift Without External Trim TCVqs (Note 2) 09 25 N7
With External Trim TCV,yq Rp=201Q2 (note 3), Channel A only 04 1.2
Average Noninverting Bias Current Ig+ +2.4 +8.0 nA
Average Drift of Noninverting Bias Current TClg+ Note 2 15 pAIPC
Noninverting Offset Current Iog* 24 90 nA
Average Drift of Noninverting Offset Current TClgg Note 2 18 PASC
Inverting Offset Current 1os 24 90 nA
Common-Mode Rejection Ratio Match CMRR Vem=t13V 103 17 dB
Power Supply Rejection Ratio Match PSRR V=£3Vio +18 7 32 A%
Notes:
1. Long term input offset voltage stability refers to the averaged trend line of Vos 2. Sample tested
Vs. Time aver extended periods after the first 30 days of operation. Exciuding the 3. Guaranteed by design.
initial hour of operation, changes in Vos during the first 30 operating days is typically.
2.5mV.
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AS OP-10

INDIVIDUAL CHARACTERISTICS at V=+15V, 0°C<Ta<+70°C, unless otherwise specified.

OP-10E OP-10C
Parameter Symbol Conditions Min. Typ. Max. [ Min. Typ. Max. | Units
Input Offset Voltage Vos 025 0.6 0.35 1.6 mV
Average Input Offset Voltage pvreC
Drift Without External Trim TCVy4 (Note 1) 0.7 20 1.2 4.5 uvseC
With External Trim TCVDS Rp=20%2 (note 3) 0.3 1.0 0.4 1.5
Input Offset Current Tos 14 53 20 8.0 nA
Average Input Offset Current Drift TEl g Note 2 B 50 12 50 pA/°C
Input Bias Current Ig £l.5 5.5 2.2 90 nA
Average Input Bias Current Drift TClg Note 2 13 50 18 50 pA/C
Input Voltage Range IVR *130 | #1353 E13.0 | 135 v
Common-Mode Rejection Ratio CMRR Vep 2130V 103 123 97 120 dB
Power Supply Rejection Ratio PSRR V=3V 1018V 7 32 10 ] WYV
Large-Signal Voltage Gain AL R;520, V= £10V 100 400 100 300 Vimv
Output Voltage Swing v, R 20 +12.0 126 110 | 126 v
Notes:
1. Long term input offset voltage stability refers to the averaged trend line of Vas 2. Sample tested
Vs. Time over extended periods after the first 30 days of operation. Excluding the 3. Guaranteed by design.
initial hour of operation, changes in Vos during the first 30 operating days are typically.
2.5mV.
MATCHING CHARACTERISTICS at V=¢15V, Ta=+25°C, Unless otherwise specified.

OP-10E OP-10C
Parameter Symbol Conditions Min. Typ. Max. | Min. Typ. Max. Units
Input Offset Voltage Match Vos 0.12 0.5 03 mV
Average Noninverting Bias Current g+ 1.3 4.5 2.0 nA
Noninverting Offset Current Iogt 1.1 4.5 1.8 nA
Inverting Offset Current Ios* 1.1 4.5 1.8 nA
Common-Mode Rejection Ratio Match CMRR Veur=t13V 106 120 117 dB
Power Supply Rejection Ratio Match PSRR Vg=3Vio 18 4 20 5 WV
Channel Separation [+ (Note 1) 126 140 126 137 dB
MATCHING CHARACTERISTICS at V=+15V, 0°C<Ta<+70°C, unless otherwise specified.

OP-10E OP-10C
Parameter Symbol Conditions Min. Typ. Max. | Min. Typ. Max. Units
Input Offset Voltage Match Vos 0.18 0.7 0.4 mv
Input Offset Voltage Tracking pvreC
Drift Without External Trim TCV s (Note 1} 0.9 2.3 1.3 pviC
With External Trim chos Rp=20Q(note 3), Channe! A only 0.3 09 0.6
Average Noninverting Bias Current Ig+ 2.0 +6.0 2.8 nA
Average Drift of Noninverting Bias Current TClg+ Note 1 12 40 8 pA/C
Noninverting Offset Current log* 2.0 6.0 2.8 nA
Average Drift of Noninverting Offset Current TClag Note 1 15 50 20 pA/°C
Input Offset Current Ios. 2.0 6.0 2.8 nA
Common-Mode Rejection Ratio Match CMRR Vomt13V 103 17 114 dB
Power Supply Rejection Ratio Match PSRR Vg=£3V to +18 6 32 3 WiV

Notes:
1. Sample tested
2. 2. Guaranteed by design.
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AS OP-10

OFFSET NULLING CIRCUIT

TYPICAL PERFORMANCE

BURN-IN CIRCUIT

OP-10 LOW FREQUENCY NOISE

200nV/om
RIREFERRED TO INPUT
SmV/em AT QUTPUT

M'a ‘M,"n"w"‘fl"\ﬂ#!"l‘,‘,‘m rfw‘
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AS OP-10

TYPICAL PERFORMANCE

TRHAMED MATCHED OFFSET VOLTAGE DRHFT (xV/C)

MATCHING CHARACTERISTIC
OFFSET VOLTAQGE CHANGE MAXIMUM INPUT ERROR vs
. DUE TO THERMAL SHOCK SOURCE RESISTANCE
s vl-a{;' ! S * 3 10 +128°C; OP-18A
3 vhe MALEDTO ] £ F v s1iv +
' <svarac - i o Ht i I
E x TA~3WC Ta=2PC ] @
i " ,‘\l g UNTRIMMED ~88°C TO +13°C
NS
= % i [X] UNTRIMMED 29°C
§ E_ r l 5 TRWNMED .-'0 TO v129°C
Umm T
niyet pauenezo ; |
L] a0t
% 0 20 & ® W W 1% w Y 1o
TIME ($8C) SOUACE RESISTANCE ()
INPUT BIAS CURRENT vs VOLTAGE NOISE DENSITY
V‘llllv‘ haad Ag1 = Ry » 200k
THERMAL NOISS OF SOUNCE
EXCLUDED
i’ g
N A4 H
i 2 \ momr: § —H i
~ 17260108 S Ll
P 3
1200104
[Tve- v
|1, « 25°c]
'-n %0 -2 & B 0 T 0 1N “u ] w0 *
TAMPERATURE ("C) FREQUENCY Ha)
MATCHING CHARACTERISTICS
TRIMMED MATCHED OFFSET
VOLTAGE DRIFT AS A MATCHING CHARACTERISTICS
FUNCTION OF TRIMMING POT CHANNEL SEPARATION
(Ry) SIZE AND AVos ve FREQUENCY
* I 3 " I PRy
o 10 Tpnesc
os ] [} N
-~ // V/ g 130
L —’,/--‘::-wm"‘ gm ‘\
1]
: 1 % o :
t q- sox2 1 H]
o5 r‘l.:i \\ N - § bl
'3:{3-“-1""1'“" o "
e [ l l f «
“o 02 o4 o8 08 10 12 00 w [ 00

UNTRIMMED OFFBET VOLTAGE MATCH AV g (mV)
ICURVES ANE SYMMETRICAL AROUT ZERO FO?AVM <0

FREQUENCY {He}

MAXIMUM ERROR REFERRED TO INPUT (mV)

1.0 k UNTRIMMED (°C TO 70'C

MATCHING CHARACTERISTIC

MAXIMUM INPUT ERROR
SOURCE RESISTANCE

€10 %°C

3
Fvem1isv I

UNTRINMED 28°C 1N |

[ EEENI] 1

| TRIMMED 0°C TO 20°C

o LT

o 100
SOURGE RESISTANCE (52}
INPUT BIAS CURRENT va
OIFFERENTIAL INPUT
VOLTAGE
T T i
- AT Vpyppl < 1.0V,
i ligh € 3mA {172 OR-104, /200101 i
30 |- 1| < 7nA 1172 OP-10€) -
| zanly
" b4 -1
E . .
Yy
-t0 — 2] 1 g
-20 0
F TR
= T
% - -0 o ® > W
OIFFERENTIAL INPUT VALLE (VOLTR)
TRIMMED OFFSET VOLTAGE
vs TEMPERATURE
2
3 [l
i= 1oz 7
2 2 A 7
E ]
; Y I] 0]
0
3T . /
D D
§ v \ D
§ ' :
]

L
-7 -0 -2 0
TEMPERATURE (°C|

% MWW W0

6-48




AS OP-10

TYPICAL PERFORMANCE
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APPLICATION INFORMATION

DUAL MATCHED OP-AMP ADVANTAGES

Dual matched operational amplifiers provide a powerful tool
in solving some difficult circuit design problems. Circuits
include true instrumentation amplifiers, high common-mode
rejection DC amplifiers, extremely low drift, low DC drift
active filters, dual tracking voltage references and many other
demanding applications. These designs all require good
matching between two operational amplifiers.

The circuit below shows the how the errors can be reduced
through these advantages. If the resistors are matched, then
the gain of each side will be identical. If the offset voltage of
each amplifier is matched, then the net differential voltage at
the amplifiers output will be zero. The impedance of each
input, both common-mode and differential-mode, are
extremely high, an important feature not possible with single
operational amplifier circuits.

POWER SUPPLIES

The positive supply terminals are completely independent
and may be powered by separate supplies if desired.
However, this method would sacrifice the advantages of
power supply rejection ratio matching. The negative supply
terminals are both connected to the common substrate and
must be tied to the same voltage.

OFFSET TRIMMING

Each amplifier has its own offset voltage trimming. The
performance over temperature is done by trimming one side
to match the offset of the other side.

The AS OP-10 provides the lowest drift when trimmed with
20kQ potentiometer. This value provides about *4mV of
adjustment range.
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