
ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

EE 8451 - LINEAR INTEGRATED CIRCUITS AND APPLICATIONS 

 

Differentiator: 

One   of the   simplest of the   op-amp circuits that contains capacitor in the 

differentiating amplifier. 

Differentiator: 

As the name implies, the circuit performs the mathematical operation of 

differentiation (i.e) the output waveform is the derivative of the input waveform. The differentiator 

may be constructed from a basic inverting amplifier if an input resistor R1 is replaced by a 

capacitor C1 . 

The expression for the output voltage can be obtained KCL eqn written at node V2 as follows, 

 

Since the differentiator performs the reverse of the integrator function. 

Thus the output V0 is equal to RF C1 times the negative rate of change of the input voltage Vin with 

time. 

The –sign => indicates a 1800 phase shift of the output waveform V0 with respect to the input 

signal. 

The below circuit will not do this because it has some practical problems. 
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The gain of the circuit (RF /XC1 ) R with R in frequency at a rate of 20dB/decade. This makes the 

circuit unstable. 

Also input impedance XC1 Swith Rin frequency which makes the circuit very susceptible to high 

frequency noise. 

Basic Differetntiator 
 

From the above fig, fa = frequency at which the gain is 0dB and is given by, 
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Both stability and high frequency noise problems can be corrected by the addition of 2 

components. R1 and CF . This circuit is a practicaldifferentiator. 

From Frequency f to feedback the gain Rsat 20dB/decade after feedback the gain S at 

20dB/decade. This 40dB/ decade change in gain is caused by the R1 C1 and RF CF 

combinations. The gain limiting frequency fb is given by, 

Where R1 C1 = RF CF 

R1 C1 and RF CF => helps to reduce the effect of high frequency input, amplifier noise and offsets. 

All R1 C1 and RF CF make the circuit more stable by preventing the Rin gain with frequency. 

Generally, the value of Feedback and in turn R1 C1 and RF CF values should be selected such that 

f 
a 
< f 

b 
< f 

C
 

where 

 
f 

c  unity gain bandwidth 

 
The input signal will be differentiated properly, if the time period T of the input signal is larger 

than or equal to RF C1 (i.e) T > RF C1 

 

Practical Differentiator 

A workable differentiator can be designed by implementing the following steps. 

1. Select fa equal to the highest frequency of the input signal to be differentiated then assuming a 

value of C1 < 1μf. Calculate the value of RF . 

2. Choose fb = 20fa and calculate the values of R1 and CF so that R1 C1 = RF CF . 
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Uses: 

Its used in waveshaping circuits to detect high frequency components in an input signal and also as 

a rate of change and detector in FM modulators. 
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This o/p for practical differentiator. 
 

Integrator: 

A circuit in which the output voltage waveform is the integral of the input voltage 

waveform is the integrator or Integration Amplifier. Such a circuit is obtained by using a basic 

inverting amplifier configuration if the feedback resistor RF is replaced by a capacitor CF . 

The expression for the output voltage V0 can be obtained by KVL eqn at node V2 . 
 

` 
a
 

where C @integration constant A 

eqn (3) indicates that the output is directly proportional to the negative integral of the input volts 

and inversely proportional to the time constant R1 CF . 

Ex: If the input is sine wave -> output is cosine wave. 

If the input is square wave -> output is triangular wave. 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

EE 8451 - LINEAR INTEGRATED CIRCUITS AND APPLICATIONS 

 

 



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

EE 8451 - LINEAR INTEGRATED CIRCUITS AND APPLICATIONS 

 

 
 

These waveform with assumption of R1 Cf = 1, Vout =0V (i.e) C =0. 

When Vin = 0 the integrator works as an open loop amplifier because the capacitor CF acts an open 

circuit to the input offset voltage Vio. 

Or 

The Input offset voltage Vio and the part of the input are charging capacitor CF produce the error 

voltage at the output of the integrator. 

Practical Integrator: 
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Practical Integrator to reduce the error voltage at the output, a resistor RF is connected 

across the feedback capacitor CF . 

Thus RF limits the low frequency gain and hence minimizes the variations in the output 

voltages. The frequency response of the basic integrator, shown from this fb is the 

frequency at which the gain is dB and is given by, 

Both the stability and low frequency roll-off problems can be corrected by the addition 

of a resistor RF in the practical integrator. 

Stability -> refers to a constant gain as frequency of an input signal is varied over a 

certain range. Low frequency -> refers to the rate of decrease in gain roll off at lower 

frequencies. 

From the fig of practical Integrators, 

f is some relative operating frequency and for frequencies f to fa to gain RF / R1 is 

constant. After fa the gain decreases at a rate of 20dB/decade or between fa and fb the 

circuit act as an integrator. Generally the value of fa and in turn R1 CF and RF CF values 

should be selected such that fa<fb. 

In fact, the input signal will be integrated properly if the time period T of the signal is 

larger than or 

equal to RF CF, (i.e) 
` a 

T  RF CF @@@@6 

Uses: 

Most commonly used in analog 

computers. ADC 

Signal wave shaping circuits. 
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