
op amp circuit collection 

section 1 - basic circuits 

Rl 

A3 

A2 

Inverting Amplifier 

R2 

VOUT 

(
AI + A2) R4 A2 

VOUT = ii3+R4 iii V2 - iii V, 

FOR Rl = R3 AND R2 = R4 

VOUT = ~ (V2 -V,) 

A1#A2 = R3#A4 

FDA MINIMUM OFFSET EAROR 
DUE TO INPUT BIAS CURRENT 

Difference Amplifier 

Non-Inverting Summing Amplifier 

Cl 
5pF 

February 1970 

Non-Inverting Amplifier 

R4 

V2 

R3 
VOUT 

VOUT=-R4(~+~+~) 
A5 = Al IIAUR3#R4 

':" FDA MINIMUM OFFSET ERAOA 
DUE TO INPUT BIAS CUARENT 

Inverting Summing Amplifier 

Al 
10M 
1% 

Cl 
3pF 

INPUT -JV\iI\r-.... ~--'V""--. 

·Soufceimpedance 
10" than lOOK 
gwelessthan 1% 
g8lRerrOJ. 

R3 
5.1M 

Inverting Amplifier with High 
Input Impedance 

AI 
1M 

A2 
10M 

OUTPUT 

VOUT A3 
OUTPUT 910K 

Fast Inverting Amplifier With High Input Impedance 

... JVl.I'v-..... -.::..j 

V
OUT 

= R1
R
; R2 V

1N 

R,• = R3 

A3 = A1#R2 

Non-Inverting AC Amplifier 
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C2 

VIN~ 
Cl VOUT 

I, = 2~ ~2Cl 

I'; = 2~ ~1 Cl = 2~ ~2C2 

30 pF 

Practical Differentiator 

Rl C3 

VIN --"'11""-...--.----1 1------. 

.----4 1-----4It--VOUT 

VIN 

Cl 
150pF 

Fast Integrator 

Rl 

R3 

R2 

-= Cl 
30pF 

+10V .....I-.... ~--------...-. 

Circuit for Operating the LM101 
without a Negative Supply 

Rl 

R3 
100 

INTEGRATE 

'_ "'=bR
1
1Cl 

Rl = R2 

12 

J VIN dl 
I, 

FOR MINIMUM OFFSET ERROR 
DUE TO INPUT -BIAS CURRENT 

Integrator 

Rl 

VOUT 

'FOR MINIMUM ERROR OUE TO 
BIAS CURRENT R2 = Rl 

Current to Voltage Converter 

+10V 

_------4 .... +20V 

Rl 
10K 
1% 

R2 
10K 
1% 

Circuit for Generating the 
Second Positive Voltage 



! 

t 

Rl R2 

Neutralizing Input Capacitance to 

Optimize Response Time 

INPUTS 

Voltage Comparator for, Driving 
DTL or TTL integrated Circuits 

VOUT = 4.6V lor 
VL T ::;V'N ::;VUT 

VOUT = OVlor 
VIN <Vr.. Tor VIN >VUT 

Double-Ended Limit Detector 

OUTPUT Rl 

r--"'-""'''''''-V· R4 
75K 

Y'N --"\;M,......--------. 

VOUT 

*Adjust for zero integrltor drih. 
Current drift typitlllV 0.1, nAtC 
over -55"C to 125°C temper.ture r.nge. 

Integrator with Bias Current Compensation 

v· 

Threshold Detector forPhotodiodes 

v, 

01 

02 

03 

v, 

Multiple Aperture Window biscriminator 
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R4 

INPUT~NIr-4t-f 

Rl 
200K 

S~~ :>II-JVVY .. 

R2 
lOOn 

RJ 

OUTPUT 

RANGE = ,y (~) 

Offset Voltage Adjustment for Inverting Amplifiers 
Using Any Type of Feedback Element 

R2 
lOOK 

INPUT 

RJ 
lK 

OUTPUT 

RANGE = !V (W,) 

Offset Voltage Adjustment for Voltage Followers 

, .y 
Rl 

RS 

Offset Voltage Adjustment for Non-Inverting 
Amplifiers 

Rl 
El-'V\,..,. ... ~ 

INPUTS 

E2 + Rl 

R3 

R4 
10 

R2 

OUTPUT 

R2 = R3. R4 

RANGE = ±y (~) (~) 
GAIN=~ 

Offset Voltage Adjustment for Differential Amplifiers 

OUTPUT 

Rl = 2000 R3#R4 
R4#R3<10kn 

RANGE~ ,y (Rl:t4) 

Offset Voltage Adjustment for Inverting 
Amplifiers Using 10 kn Source Resistance 
or Less 



section 2 - signal generation 

C2 
0.02 ~F 

1% 

10 = 1 Hz 
R2 

22M 
1% 

01 
6.JV 

02 
6.JV 

R4 
50K 

C5 
JOpF 

COSINE 
OUTPUT 

Low Frequency Sine Wave Generator with Quadrature Output 

C2 
200 pF 

1% 

Rl 
220K 

1% 

R6 
220K 

t% 

SINE OUTPUT 

RJ 
lOOK R4 

1% 5K 

CJ 
100 pF 

1% 

t--..... ...- COSINE OUTPUT 

01 
6.JV 

02 
6.JV 

C5 
150pF 

R5 
2K 

fo == 10 kHz 

High Frequency Sine Wave Generator with Quadrature Output 
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CP 

Rl 
160K 

>-+--EOUT 

O.Ol~FI 

R2 
910K 

·Chosen for oscillation at 100 Hz 

Free-Running Multivibrator 

R5 
8.2K 

Function Generator 

R3 = R4+ R5 

Rl = R2 

0.1% 

Bilateral Current Source 
i 

Triangle Wave 
Output 

V,N 
±5V 

Rl = R2 
Cl = C2 

1 

L1-

f = 2~Rl Cl 

Rl 
200K 

1% 

R3 
750 

Wein Bridge Sine Wave Oscillator 

V,N 

Rl 
lOOK 

Rl 
2M 
1% 

':" 

R3 
loon 

R2 
lOOK 

.-----t~- VOUT 

R5 
10K 

02 
6.2V 

01 
6.2V 

Pulse Width Modulator 

R3 
1M 
1% 

I _ R3 V,. 
OUT - RI RS 

R3 = R4 + RS 

Rl = R2 

R5 
2K 
1% 

lOUT 

R4 
1M 
1% 

Bilateral Current Source 



03 
lN759 
12V 

t41V 

1.1K 

Rl = R2 
Cl = C2 

R2 
10K 

f=h~l Cl 

3K 

51K 

'---"'--4.--15 

Wein Bridge Oscillator with FET Amplitude Stabilization 

01 
2N2605 

JTRIM 
FOR 
le2= 1.00mA 

C3 
300 pF 

05 
lN759 
12V 

Low Power Supply for Integrated Circuit Testing 

-41V 

Rll ] TRIM 
1.2K FOR 
1% IC4 = 1.00 rnA 

03 
2N2484 

'VOUT = lV/Krl 
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01 
lN4611 

6.6V 

RZ 

'--_____ .... ~R3 

R4 

Positive Voltage Reference 

01 
lN4611 

6.6V 

Your 

Your 

R4 

Negative Voltage Reference 

IO=~ Rl 

V'N::O:0V 

Precision Current Sink 

Rl 

01 
lN4611 
6.6V 

r--------e--V+ 

Positive Voltage Reference 

01 
lN4611 

6.6V 

Rl 

V-

Your 

Negative Voltage Reference 

Rl 

Precision Current Source 



section 3 - signal processing 

OUTPUT 

Ay = ~ 

Differential-Input Instrumentation Amplifier 

+INPUT 

-GAIN ADJUST 
Ay = 10-4 R6 

0.1% 

Cl 
150 pF 

Variable Gain, Differential-Input Instrumentation Amplifier 
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RI = RS= IOR2 
R2 = RJ 

RI' 
SDK 
0.1% 

RJ 
SKt 
0.1% 

R4 
SKt 
0.1% 

+ ..... I-----INPUTS ----

R7* 
SDK 
0.1% 

R6 
SDK 
0.1% 

OUTPUT 

RJ= R4 
RI = R6= 10RJ 

Av=~ 
*tMltchingdetermlnescommon 

mode rejection. 

Instrumentation Amplifier with ±100 Volt Common Mode Range 

INPUTS 

+ 

C2 

,*'OOPF 

RI 
4SK 
1% 

RJ 
10K 
1% 

R4 

RZ' 
10K 
0.1% 

4SK RS' 
1% 10K 

0.1% 

R7t 
lOOK 
0.1% 

R6t 
lOOK 
0.1% 

CJ 
JOpF 

OUTPUT 

RI = R4 
RZ = RS 
R6 = R7 

t*Matchmg Determines CMRR 

Av =~(I +~n 

Differential Input Instrumentation Amplifier with High Common Mode Rejection 



RP 
lOOK 
0.1% 

R2t 
lK 

0.1% 

RJt 
lK 

0.1% 

- __ INPUTS _ + 

R4 • 
lOOK 
0.1% 

OUTPUT 

*tMltching determines CMRR 
t May be deleted to maximize bandwidth 

High Input Impedance Instrumentation Amplifier 

Rl 

v+ 

Bridge Amplifier 

Rl _ R2 
Rs,-Rs; 

vOUT=V+(l-.!!!) 
Rs. 

E'N--IVVV-.. -------4t--EoUT 

E.EF·--.. - ..... I--~ 
02 

lN914 

Precision Clamp 

01 
lN914 

*EREF must have a SOUTce 

impedance of less than 
20012il 02 is.sed. 

Rl 
lK 

Sl T 
lK 

S2 
lK T 

R2 
lK 

v' 

RJ 
1M 

0.1% 

R4 
1M 

0.1% 

R6 
1M 

0.1% 

R1 
SOK 
1% 

>-"'---OUTPUT 

"Reduces leed ttlrou ... 01 
power supply nollo by 20 dB 

Cl' and makes supply bypatlint 

100pF t~;i~::::~ common mode 
rejection 

tGainadjust 

Bridge Amplifier with low Noise Compensation 

Precision Diode 

C2 
JpF 

... --""/\,----4I....----EOUT 

Fast Half Wave Rectifier 

01 
lN914 

02 
lN914 

AN31-:-11 
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R6 
20K 
1% 

R3 
10K 
1% 

C2 
10)!F 

R2 
20K 
1% 

..-..... ~Mw-4~.-..oJ\NIr-...... ~-"""'II\r--.. -Eour 

INPUT 

Rl R2 

Cl 
30pF 

INPUT-.. v..,.",. .. --....J\M~----, 

01 
lN914 

02 
lN914 

R7 
22.2K 

C3' 
30 pF 

Precision' AC to DC Converter 

R3 
20K 

Low Drift Peak Detector 

INPUT 

*Feedforward compenSltion 
can be used to make. fast 
full Wive rectifietwlthout 
a filter. 

OUTPUT 

SAMPLE 

OUTPUT 

*Polycarbonate-dielectric capacitor 

OUTPUT 

R4 

R3 

6 POlARITY 
SIGNAL 

Your =-* Y'N 

R2= R~\~4 

Absolute Value Amplifier with Polaritv Detector 

v· 

INPUT 

·Worstca. drift less than 
2.5mV/sec 

tTofIon,Polyethylono 0' 
Polycarbonate Dtelectric 
CoPlcit., 

Sample and Hold 

Rl 
1M 

Sample and Hold 

C2 
30 pF 

OUTPUT 



R2 
lOOK 

*01 and Q3 should not hilve 
mternalgate-protectiondiodes. 

'---+-+-RESET 

>"-+-OUTPUT 

Worst case drift h!ssthan 
500 ~V/set over _55°C 
to +12SoC. 

Low Drift Integrator 

Rs 
INPUT-"",..,.. .... _--------~ .... --I 

• In addition to increlsingweed .. 
the lMl01A rai1es high and low 
frequency gain, increases output 
drive capability Ind elimil1ltes 
thermal feedback. 

t Power Bandwidth: 2S0 KHz 
Sm,lI Sign,' Bandwidth: 3.S MHz 
Slew Rite: 10Vll" 

t CS= 6X
R
:0-

S 

Fast t Summing Amplifier with Low Input Current 

Dl 
RS 
2K 

INPUT---'\M,._ .. -----------4I------II----.... 

Rl 
IS0K 

Cl 
0.002 ~F CJ 

0.002 ~F 

R2 
1M 

RJ 
1M 

Fast Integrator with Low Input Current 

OUTPUT 
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Rl 
10M 

C3 
540 pF 

Cl 
270 pF 

Adjustable Q Notch Filter 

10= __ ' __ 
21TJii1R2C1C2" 

v. 

Tuned Circuit 

Rl 
10M 

V,N -~""'-'V\I\r-"'I---N\r--.~ 
C3 

540 pF 

R3 
5M 

C2 
270pF 

High Q Notch Filter 

VOUT 

lo=rn 

RI = R2 =2R3 

Cl = C2 = C3/2 

10= 21T~'C' 
= 60 Hz 

RI = R2 =2R3 
Cl = C2 = C23 

V,N 

INPUT 

R4 
2K 

0.1% 

R5 
2K 

. 0.1% 

R3 
4K 

0.1% 

Easily Tuned Notch Filter 

Two-Stage Tuned Circuit 

R3 
lK 1% 

C2 
30pF 

Rl 
10M 
1% 

R4= R5 
Rl = R3 
R4= 1/2 Rl 

to= 21TR4Jcm-

OUTPUT 

10= 21T;fR;R2C1C2 

Negative Capacitance Multiplier 



Vy 

L "'Rl R2 Cl 
Rs= R2 
Rp = Rl 

c __ 

Rl R2 
lK 10K 

Cl 
O.IIlF 

Variable Capacitance Multiplier 

R2 
100 RJ 

10M 

1 i~~OPF 
CJ R4 . 

30 pF . -: 10K 

Simulated Inductor 

R6 

Two Quadrant Multiplier 

CONTROL 

C=~Cl 

Vos + los Rl 
iL =--R3--

Rs = RJ 

R2 
10M 

C2 
JOpF, 

Rl 
10M 
1% 

RJ 
lK 
1% 

Capacitance Multiplier 

Rl 
15K 

__ C 

Voltage Controlled Gain Circuit 

OUTPUT 
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1r = -15V 

CI* 
0.021'F 

INPUr--1 

R5 
187.5K 

RI 
IIOK 

>--+_ OUTPUT 

'Values ... Ior 100 Hz cutoll. Use 
rnmlizedpolYCIrboniteClPlcitors 
forgoodtemperaturesubility. 

High Pass Active Filter 

02 
2N2605 

R6 
50K 

03 R4 

'-.~NIf--+ ____ -\2N260,.5 __ ~Vl0VOK""" __ ",, 

Rl 
10K 

R2 
lOOK 

INPUT---JIt,JI/Y------4t----i 

AN31-16 

Cl 
30 pF 

Nonlinear Operational Amplifier with 
Temperature Compensated Breakpoints 

C2 
30 pF 

Saturating Servo Preamplifier with 
Rate Feedback 

OUTPUT 

Rl 
24K 

CP 
940 pF 

C2' 

"I470PF 

"'>--.... _- OUTPUT 

·Values are for 10kHz cutoff. Use 
silvered mica capacitors for good 
temperature stability. 

Low Pass Active Filter 

MONITOR 
OUTPUT 

5V/A 

INPUTS 

R2 
470 

R2 
100 
1% 

01 

Rl 
0.1 
1% 

Current Monitor 

r--------4~V+ 

OUTPUT 

..... ------.. -V-

Power Booster 



R2 
300K 

Rl 
75K 

R5 

R2 

Rl v, :>0 

Your = V;OV2 

v, V- V2 

Analog Multiplier 

':' 

R3 
15M 

~---4"'-V- = -15V 
*lowleakage-O,017 IJF per second delay. 

C1 
10;tF 

long Interval Timer 

,....-~ ... ------4IJ- OUTPUT 

~ TRANSDUCER T low frequency cutoff = R1 Cl 

Amplifier for Piezoelectric Transducer 

INPUT ~WV-.'i 

R2 

R3 
5.1K 

OUTPUT t 

03 
lM103 
3.3V 

PropagatIOn delay approximately 200ns 
tOll or TTl fanout 01 three. 
Minimizest,aycapacitance 
Pin 8 

Fast Zero Crossing Detector 

R2 
12K 

-15V --.. -------~ 

R5 
24.3K 
1% 

Temperature Probe 

'Setlor OV,tO"C 
tAdjustlor 100mV/'C 

AN31-17 



VOUT 

1% 

Rl 
5M 
1% 

Cl 

OUTPUT 

T
100 PF 

*Operatmgphotodiodewithless 
":" than 3mV across it eleminates 

leakage currents. 

Cl 
0.01 ~F 

INPUT --1 
>--+- OUTPUT 

Photodiode Amplifier Photodiode Amplifier High Input Impedance AC Follower 

Rl 
10K 

Rs 
INPUT-W"""""+----l 1---....., 

10nA<I'N <1 mA 
Sensitivity IS lV per decade. 

Cl 
JOO pF 

2N2920 

C4 
150 pF 

V+= 15V 

RJ' 
1.5M 
1% 

R4" 
105M 

tAvailable from Tel Labs,lnc., 
Manchester, N.H., Type OB1. 

*Determines current for zero 
crossing on output: lOIlA 
as shown. 

Temperature Compensated Logri"thmic Converter 

RB 
150K 

+15V --"-.JVV'II---, 

R7 
20K 

Rl0 
10K OJt 04 t 

~~re~~~ ~-~--~ r---~--~~~-~ 
01' 

...---'"' ~-----., 

R6 
150K 

INPUT -...A,J'V'w--+-t 

"AN31-18 

R2 
10K 

Root Extractor 

R9 
10K 

>-.. -- OUTPUT 

• t2NJ728 matched pairs 



E, 

Rl 
lOOK 

1% 

E, ~~~a-------------~ 

R8 
tOOK 

2N2920 

Mu Itiplier/Divider 

Ql 2N2920 Q2 

R4 
lOOK 

1% 

EOUT = E~:J 
for 

E,;:O:OandE,?O 

R4 
1.5M 
1% 

~--------~ __ --~ ~--~----~ ,--~----------~~~v-
Rl 

lOOK 

15V~MM""------------.'" 

R8 
1.5M 

EOUT 

Cube Generator 

AN31-.19 
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Cl 
300 pF 

ER.. ISV 

A3 
IS0K 
1% 

C2 
7SpF 

2N2920 

C3 
lpF 

Fast Log Generator 

2N2920 

Anti-log Generator 

'A2 
lK 
1% 

A6 
10K 
1% 

CS 
IS0pF 

A3 
IS0K 
1% 

AS 
IS0K 

·Tel·Lab.Type081 
Manchester, N.H. 

EOUT 

*Tel·labs Type Qll 
Manchester, N.H 


