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Subject Name: Integrated Circuits and its Applications            Subject Code: EC4003 

Subject Notes 

OP-AMP applications: Inverting and non-inverting amplifier configurations, Summing amplifier, Integrators and 

differentiators, Instrumentation amplifier, Differential input and differential output amplifier, Voltage-series 

feedback amplifier, Voltage-shunt feedback amplifier, Log/ Antilog amplifier, Triangular/rectangular wave 

generator, phase-shift oscillators, Wein bridge oscillator, analog multiplier-MPY634, VCO, Comparator, Zero 

Crossing Detector.  

 

CHARACTERISTICS OF A PRACTICAL OP-AMP:  
 

 

 

 

 

 

a) Input Offset Voltage (Vio): The voltage that must be applied between two input terminals of op-amp to nullify 

the output ie. Vo =0V is input offset voltage. This voltage could be positive or negative. The smaller the values of 

Vio, better the input terminals are matched. For IC741C, Vio = 6mV maximum. 

b) Input Offset Current (Iio): The difference between the separate input currents entering into the two input 

terminals is referred as input bias current and given by equation Iio = [IB1 – IB2] with Vo = 0. For IC741C, Iio = 200nA 

maximum. 

c) Input Bias Current (IB): The average of the separate input currents entering into the two input terminals is 

referred to as input bias current and is given by equation: IB = [(IB1 + IB2)/2]. For IC741C, IB = 500nA maximum. 

d) Output Offset Voltage (VOO): The output offset voltage is the DC voltage between the output terminal and 

ground of an amplifier, when the two inputs are grounded ie. V1 = V2 = 0v. For IC741C, VOO = ±15V maximum. 

e) Thermal Drift : The a e age ate of ha ge of i put offset oltage ΔVIO  o  ha ge of i put offset u e t ΔIIO) 

o  ha ge i   i put ias u e t ΔIB  pe  u it ha ge i  te pe atu e ΔT  is alled the al d ift. 
ΔVIO / ΔT = the al oltage d ift μV/°C ;    ΔIIO / ΔT = thermal current drift (pA/°C) 

f) Common-Mode Rejection Ratio (CMRR): It is defined as the ratio of differential voltage gain(ADM) to the 

common mode voltage gain(ACM) ie. CMRR = ADM/ ACM. The higher the value of CMRR, the better is the matching 

between two input terminals and the smaller is the output common-mode voltage. For the 741C, CMRR is 90dB 

typically. 

g) Power Supply Rejection Ratio (PSRR): The change in an op-a ps i put offset oltage ΔVio caused by variation 

i  suppl  oltages ΔV is alled PSRR o  suppl  oltage eje tio  atio SVRR  o  po e  suppl  se siti it  PSS . 
PSRR = ΔVio / ΔV. E p essed i  μV/V o  i  de i els dB . Fo  the C, SVRR = μV/V. Lo e  the alue of SVRR, 
the better for op-amp performance.  

h) Slew Rate (SR): Slew rate is defined as the maximum rate of change of output voltage with respect to time. 

E p essed i  V/μS. I  e uatio  fo : SR = 
�� . Slew rate indicates how rapidly the output of an op-amp can 

change in response to the changes in the input frequency. Also known as output voltage swing, as a function of 

frequency or as a voltage follower large-sig al pulse espo se. Fo  C, sle  ate is . V/μs. 
 

i) Gain-Bandwidth product: Gain-Bandwidth product is the bandwidth of the op-amp when the voltage gain is 1. 

From the open loop voltage gain versus frequency graph it can be found to be approximately 1MHz. 

 

Causes of Slew Rate: Slew rate is caused by current limiting and the saturation of internal stages of an op-amp 

when a large amplitude signal of high frequency is applied. The resulting maximum current is available to charge 

the capacitance compensation network. As the capacitor requires a finite amount of time to charge and discharge, 
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Figure 4.1: OP-AMP  
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hence the internal capacitors prevent the output voltage from responding immediately to a fast changing input. 

Thus the slew rate limiting is caused by this capacitor charging rate, in which the voltage across the capacitor is 

the output voltage.  

The slew rate equation is given by the expression: SR = � �     �/  

Where, f = input signal frequency in Hz, VP = peak value of the output sine wave in volts. 

Slew rate determines the maximum frequency fmax of operation for a desired output swing. If the right hand side 

value of the slew rate equation is less than the slew rate of the op-amp, the output waveform will always be 

undistorted. If the value exceeded, the output waveform will be distorted. 

Effect of Slew Rate: Slew rate has effect on both open and closed loop configurations. In open loop configuration, 

using IC741C, open loop gain is very large. Output will swing between +14V to -14V each time the input sine wave 

crosses zero volts as shown in figure 4.2. 

 

The time taken by the output to go from +14V to -14V can be 

determined by slew rate value of 741C. Slew rate can be calculated 

from the slope of the output waveform. The 741C has a typical slew 

ate of . V/μs. The efo e e ha e V / . V/μs  = μs. This 
ea s that μs is the i i u  ti e et ee  the t o ze o 

crossings. Hence the maximum input frequency fmax  at which the 

output will be distorted is given by 

fmax  = /  μs  = . kHz. 
Therefore at fmax, the output will be triangular wave instead of a 

square wave. Thus, to get a square wave output, input frequency 

should keep below fmax or choose an opamp with a faster slew rate. 

 

 

Effect of variation in power supply voltages on offset voltage: Due to poor regulation and filtering, the supply 

voltages (+VCC and –VEE) changes. This change results in a change in the input offset voltage, which in turn causes 

change in output offset voltage. This change in input offset voltage is specified in datasheet by variety of terms as 

input offset voltage sensitivity, power supply voltage rejection ratio, power supply sensitivity and supply voltage 

eje tio  atio. Te s a e e p essed i  μV/V o  i  de i els dB . E a ple: Fo  the C, SVRR = μV/V 
maximum and typically 20 log ΔV/ΔVio) = 76.48dB 

 log /SVRR  =  log / ΔVio/ΔV  =  log / μV/V  =  log 6 / 150) = 76.48dB. 

Lower the value of SVRR, the better the op-amp performance. 

Relationship between the change in output offset voltage and SVRR is express as- 

ΔVOO = [1+ (RF/RIN ]  ΔV/ΔVio  ΔV 

Where, ΔVOO  = ha ge i  output offset oltage olts ; ΔV = ha ge i  suppl  oltages +VCC and –VEE); 

 ΔV/ΔVio  =  Suppl  oltage eje tio  atio μV/V  

 

FREQUENCY LIMITATIONS AND COMPENSATIONS:   

Frequency Response plot: Manner in which the gain of the op-amp responds to the different frequencies is 

frequency response. A graph of magnitude of gain versus frequency is called frequency response plot.  

Limitation: Some of the characteristics of op-amp such as voltage gain, input resistance, output resistance, output 

voltage swing, input noise voltage and noise current and CMRR are frequency dependent parameters. Most 

important voltage gain A decreases as the operating frequency increases. This variation in gain as a function of 

frequency imposes a limitation on performance of op-amp and also when op-amp used in AC applications. 

Compensating networks:  

Change in gain and phase shift between input and output as a function of frequency is credited to the internally 

integrated capacitors as well as stray capacitances. These capacitances are due to the physical characteristics of 

semiconductor devices (BJTs or FETs) and internal construction of the op-amp.  

Figure 4.2 
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To modify the rate of change of gain as well as phase shift by 

using a specific component network (components are resistors 

and capacitors) with op-amp is called a compensating 

network. The phase lead (contributes a positive phase angle) 

and phase lag (contributes a negative phase angle) are the 

most compensating networks in op-amp. Two types of 

compensating networks : internal compensating network and 

external compensating network. 

 

IC741C is an internally compensated op-amp and op-amp 709 is a noncompensated op-amp ( ie. External discrete 

components are added at the designated terminals of op-amp. The open-loop frequency response curves and the 

connection diagram of IC709 for the external compensating components is shown in figure 4.3(a,b and c). 

  
 

Transient Response: The response of any practically useful network to a given input is composed of two parts: the 

transient and steady state response. The transient response is that portion of the complete response before the 

output attains some fixed value (steady state value). Transient response is time variant. Rise time and the percent 

of overshoot are the characteristics of transient response. The time required by the output to go from 10 % to 

90% of its final value is called rise time. Overshoot is the maximum amount by which the output deviates from the 

steady state value. The transient response test circuit for the 741C for Vin = V, ise ti e is . μs a d o e shoot 
is 5%. Transient response is one of the important considerations in selecting op-amp in ac applications. Rise time 

is inversely proportional to the unity gain bandwidth of op-amp. This means that the smaller the value of rise time 

the higher is the bandwidth. 

 

Thermal Drift: The average rate of change of some of the characteristics of op-amp such as input offset voltage 

(Vio), input offset current (Iio) and input bias current (Ib) due to the change in temperature is thermal drift.   

ΔIio/ΔT = the al d ift i  the i put offset u e t pA/°C  [The al Current Drift] 

ΔIb/ΔT = the al d ift i  the i put ias u e t pA/°C  [The al Cu e t D ift] 
ΔVio/ΔT = the al d ift i  the i put offset oltage μV/°C  [The al Voltage D ift] 
 

 

 

 

 

 

 

 

AOL(dB) 

0 

+20 

+40 

+60 

+80 

+100 

-20 

100 1K 10k 100k 1M 

F, frequency  

(Hz) 

10M 

C1=10pF, R1 

= Ω,C2=3pF 

C1=5000pF, R1 

= . kΩ,C2=200

pF 

Vs =±15V 

TA = 25°C 

Figure 4.3(b): Frequency Response of noncompensated      

op-amp 709 for various values of C1, R1 and C2 

AOL(dB) 

0 

+20 

+40 

+60 

+80 

+106 

+120 

-20 
1 5 10 100 1k 10k 100k 1M 

fo 

Break frequency 

F, frequency  

(Hz) 

UGB 

Figure 4.3(a): Frequency Response of internally         

compensated op-amp 741 

2 

3 

5 

1 
8 

709 

+ 

 
6 

C1 

C2 

R1 

R2 

Figure 4.3(c): Frequency compensation circuit of 

op-amp 709 

Downloaded from  be.rgpvnotes.in

Page no: 3 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


ANALYSIS OF TL082 DATASHEET:   

 

IC TL082 is a wide bandwidth dual JFET input operational 

amplifier manufactured by Texas instruments. It is low 

cost, high speed with an internally compensated input 

offset voltage. It maintains a large gain-bandwidth 

product and fast slew rate. JFET input devices provide 

very high input impedance and very low input bias and 

input offset currents. It has very low noise level and offset 

voltage drift hence not sensitive to temperature 

variations. 

Features of TL082C: 

: Low Power Consumption. 

: Wide Common-Mode and Differential Voltage ranges. 

: Low Input Bias Current: 30 pA Typical. 

: High Input Impedance: JFET Input Stage. 

 

 

: Low Input Offset Current: 5 pA Typical. 

: Output Short-Circuit Protection. 

: Low Total Harmonic Distortion: 0.003% Typical. 

: High Slew Rate: 13 V/μs Typical. 

 : Common-Mode Input Voltage Range Includes VCC+ 
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IC-741C 

1) BJT input operational amplifier. 

2) Not compensated internally the input offset voltage. 

3) CMRR- 90 dB Typical.  

4) Differential input voltage, VID : ±15V (max.) 

5) I put esista e:  MΩ BJT I put Stage . 
7) Input Offset Current: 1 mA Typical. 

8) Output Short-Circuit Protection. 

 Rise Ti e o e shoot fa to : . μS T pi al. 
 Sle  Rate at u it : .  V/μs T pi al. ( VI = 10 V,           

                                                   CL = 100 pF, RL =  kΩ  

11) Unity gain bandwidth- 1MHz 

IC-TL082 

1) JFET input operational amplifier. 

2) Internally compensated input offset voltage. 

3) CMRR- 86 dB Typical. 

4) Differential input voltage, VID : ±30V (max.) 

5) Input Bias Current: 30 pA Typical. 

6) Input resistance: 1012 Ω JFET Input Stage). 

7) Offset Current: 5 pA Typical. 

8) Output Short-Circuit Protection. 

9) Rise Time overshoot factor: . μS Typical 

10) Slew Rate at unity: 13 V/μs Typical. ( VI = 10 V,          

                                               CL = 100 pF, RL = 2 kΩ) 

11) Unity gain bandwidth- 3MHz 

 

 

 

 

OP-AMP APPLICATIONS: 

OP-AMP AS INVERTING-AMPLIFIER:   

 

Circuit diagram of Inverting amplifier with feedback is 

shown in Figure 5.1. Input voltage VIN in series with input 

resistance RIN is connected to input inverting terminal 

(pin2) of op-amp. Non-inverting terminal (pin3) is 

grounded. Feedback resistor RF is connected in between 

inverting terminal and output terminal (pin6) VO of op-

amp.  

Due to high input impedance, the op-amp input current is 

zero, means that point V1 and V2 are at the same 

potential. Point V1 is at ground potential means that point 

V2 is also at ground potential. Thus point V2 is said to be at 

virtual ground. 

From the circuit;                            IIN ≈ IO ----------------------------------------------------------------- 5.1 

That is, �� − ��  =  � − �� … … … … … … … … … … … … .     .  

Figure 5.1: Inverting Amplifier with feedback 

+ 

 

 

RF 

RIN 

VO 
VIN  

2 

3 
4 

6 
7 

VEE 

741 

+VCC 

IIN 

IO 

V1 

V2 

Downloaded from  be.rgpvnotes.in

Page no: 7 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Due to virtual ground concept, V1 = V2 = 0V 

Therefore, equation 5.2 becomes,  ���  =  −�� … … … … … … … … … … … … .     .  

Ie. ���  =  − �� … … … … … … … … … … . . .  

 

Hence from equation 5.4, VO / VIN is the Voltage gain AV, by definition. 

Therefore  �� = ���  =  − ��  

The output voltage VO for inverting amplifier is given by: �  =  (− �� ) ��  

The negative sign indicates that the input and output signals are out of phase by 180°. Gain of the amplifier is set 

by selecting the ratio of feedback resistance RF to the input resistance RIN.  

OP-AMP AS NON-INVERTING AMPLIFIER:   

 

Circuit diagram of non- Inverting amplifier with feedback is 

shown in Figure 5.2. Input voltage VIN is applied to non-

inverting terminal of op-amp. Input resistance RIN is 

connected to inverting terminal of op-amp and it is 

grounded. Feedback resistor RF is connected in between 

inverting terminal and output terminal VO of op-amp.  

Due to high input impedance, the op-amp input current is 

zero, means that point V1 and V2 are at the same 

potential. Point V1 is at ground potential means that point 

V2 is also at ground potential. Thus point V2 is said to be at 

virtual ground ie. V1 = V2 = VIN 

From the circuit, the entire current passes through RIN as the input current of op-amp is zero. 

From the circuit;                            IIN ≈ IO ----------------------------------------------------------------- 5.5 

That is, � −�  =  � − �� … … … … … … … … … … … … .     .  

Due to virtual ground concept, V1 = V2 = VIN 

Therefore, equation 5.6 becomes,  ���  =  � − ��� … … … … … … … … … … … … .     .  

Ie. ���  =  + �� … … … … … … … … … … . . .  

VO / VIN is the Voltage gain AV, by definition. 

Hence from equation 5.8,  �� = ���  =  + ��  

The output voltage VO for non- inverting amplifier is given by: �  =  ( + �� ) ��  

The positive sign indicates that the input and output signals are in phase.  

 

Figure 5.2: Non-Inverting Amplifier with 

feedback 
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OP-AMP AS SUMMING AMPLIFIER (ADDER CIRCUIT): 

Inverting Summing Amplifier : 

 

Figure 5.3 shows the op-amp as an adder (Inverting Summing 

Amplifier). It is used to add voltages V1 and V2 which are 

connected to inverting terminal through resistor R1 and R2. 

Current I1 and I2 are the input currents and I0 is the output 

current. Non-inverting terminal is grounded. 

Total input current ,Ii = I1 + I2 ...........................5.9 

Output current, IO = VO / RF ..............................5.10 

For op-amp in inverting mode, Ii = − IO ..............5.11 

Therefore, equation 5.11 becomes  � + �  =  −��  

If R1 =R2 =R then;  
� +�  =  −��  

Therefore, output voltage of an adder is :  � = − � � + � … … … … … … … … … … … .  

If (RF/R) = 1 then, the output voltage, VO = − (V1 + V2).  

The output voltage is equal to sum of the input voltages with a negative sign. 

 

Non-inverting Summing Amplifier : 

 

Figure 5.4 shows the op-amp as an non-inverting adder (non-

Inverting Summing Amplifier). It is used to add voltages V1 

and V2 which are connected to non-inverting terminal 

through resistors R and also by selecting of appropriate 

values of resistors RIN and RF. Current I1 and I2 are the input 

currents and I0 is the output current.  

Recall that the input impedance of non-inverting amplifier is 

very large. Therefore by using superposition theorem, the 

voltage at point B at the non-inverting terminal is  

Voltage at point B = +  �  +  +  �  … … … . .  

 

Voltage at point B =  �  +   �  =  � +� … … … . .  

Therefore, output voltage of an adder is :  � = + � � +� … … … … … … … … … … … .  

If [ 1+ (RF / R) ] = 2 then, the output voltage, VO = (V1 + V2).  

Hence, the output voltage is equal to sum of the input voltages, the circuit is called as non-inverting summing 

amplifier. 

 

OPAMP AS AN INTEGRATOR: 

 

Circuit diagram of basic integrator is shown in Figure 5.5.  

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

integrator or the integration amplifier. Integrator circuit is 

obtained by using a basic inverting amplifier configuration 

if the feedback resistor is replaced by a capacitor CF. VIN is 

the input voltage applied to the inverting terminal and 

non inverting terminal is grounded. IO is the output current 

and VO is the output voltage. 

When the VIN is applied, a current IIN  flows through RIN 

and is given by equation: IIN = VIN / RIN ------------------5.16 

For the op-amp in inverting mode: IIN = − IO ------------5.17 

Figure 5.5: Basic Integrator 
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Output voltage VO is the voltage across the capacitor CF and is given by the relation: V = V = �F ∫ �  dt … … … … … … … … … … … … … . .  

Since, IIN = − IO; we have:  V = V = �F ∫ −�I  dt … … … … … … … … … … … … … . .  

From the equation 5.16 we have:  V = �F ∫ − VIRI  dt … … … … … … … … … … … … … . .  

Therefore, � = − � � ∫ ��  � … … … … … … … … … … … … … … … … … … … … … . .  

Here, RIN and CF are constant. Hence, � ∝ ∫ ��  � 

In Integrator, if input is sine wave then cosine wave output or if input is square wave then triangular wave output. 

FREQUECY RESPONSE OF INTEGRATOR:  Frequency response of basic integrator is shown in figure 5.6, here fb is 

the frequency at which the gain is 0dB and is given by, = � � �  

Bothe the stability and the low-frequency roll-off problems can be corrected by the addition of the resistor RF  as 

shown in the practical integrator circuit of figure 5.7. 

 

 

The frequency response of an ideal practical integrator is shown by broken lines in figure 5.6. In this case , f is 

some relative operating frequency, and for frequencies f to fa the gain RF / RIN is constant. After fa the gain 

decreases at a rate of 20 dB/decade. This means that between fa and fb, the practical integrator behaves as an 

integrator. The gain limiting frequency fa is given by = � � �  

Usually the value of fa and in turn (RIN.CF) and (RF.CF) values should be selected such that fa < fb. The input signal 

ill e i teg ated p ope l , if the ti e pe iod T of the sig al  T  RF.CF)  where RF.CF   = / π.fa 

Integrator is most commonly used in analog computers and analog to digital converters and signal-wave shaping 

circuits. 

 

OP-AMP AS DIFFERENTIATOR:  

Figure 5.8 shows the basic differentiator or differentiation amplifier. The circuit which performs the mathematical 

operation of differentiation ie. the output waveform is the derivative of the input is the differentiator. Circuit may 

be constructed from a basic inverting amplifier if an input resistor RIN is replaced by capacitor CIN. 

Figure 5.7: Practical Integrator 
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When VIN is applied, a current IC flows through CIN and is given by equation:  IIN = IC = CIN d/dt (VIN) --------5.22 

For the op-amp in inverting mode: IIN = − IO ------------5.23   and output current, IO = VO/RF ----------------- 5.24 

Using equations 5.23 and 5.24 in equation 5.22, we have:                                  −VF = �I . ddt . VI                   ie.      � = − � . � � ��   
Since RF and CIN are constant, therefore �  ∝  �  ��  

This relationship indicates that the output voltage VO of an op-amp differentiator circuit is proportional to the 

derivative of the input voltage. If the constant of proportionality is made equal to 1, then VO will be equal to the 

derivative of the input voltage VIN. In differentiator, if input is cosine wave then sine wave is the output or a 

triangular wave input will produce a square wave output. 

The differentiator is most commonly used in wave shaping circuit to detect the high-frequency components in an 

input signal and also as a rate-of-change detector in FM modulators.   

FREQUENCY RESPONSE OF DIFFRENTIATOR: 

However the differentiator in figure 5.8 will not perform the differentiation because of certain instability in the 

circuit. Here the gain of the circuit (RF / XCIN) increases with increase in frequency at a rate of 20dB/decade. Also, 

input impedance XCIN decreases with increase in frequency, which makes the circuit susceptible to high frequency 

noise. When amplified, this noise completely override the differentiated output signal. 

 

Frequency response of basic and practical 

differentiator is shown in figure 5.10. Here, fa is the 

frequency at which the gain is 0dB and is given by: = ( � � � ) 

Also, fc is the unity gain-bandwidth of the op-amp. 

Both the stability and high frequency noise problems 

can be corrected by the addition of two components: 

RIN and CF as shown in figure 5.9 and the frequency 

response is shown by dashed lines in figure 5.10. 

From frequency f to fb, the gain increases at 

20dB/decade, after fb, gain decreases by the same 

rate. This 40db/decade change in gain is caused by 

the (RIN.CIN) and (RF.CF) combinations. 

This gain limiting frequency fb is given by: = � � �   where (RIN.CIN) = (RF.CF).  Thus (RIN.CIN) and (RF.CF) help 

to reduce the effect of high-frequency input, amplifier noise and offsets. It makes circuit more stable by 

preventing the increase in gain with frequency.  Generally the value of fb and in turn (RIN.CIN) and (RF.CF) should be 

selected such that fa < fb < fc 

Where  = � � � ;  = � � � =  � � �   ; fc = unity gin-bandwidth  

The input signal will be differentiated properly if the time period, T  RF. CIN ) 
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OP-AMP AS INSTRUMENTATION AMPLIFIER: 

Instrumentation amplifier is intended for precise, low level signal amplification where low noise, low thermal and 

time drifts, high input resistance and accurate closed loop gain are required.  

 
Besides, low power consumption, high CMRR and high slew rate are desirable for performance. Figure 5.11 shows 

the differential instrumentation amplifier using transducer bridge. A resistive transducer is connected in one arm 

of the bridge (RT±ΔR  hose esista e ha ges as a fu tio  of so e ph si al e e g , he e RT is the transducer 

esista e a d ΔR is the ha ge i  esista e. The idge is DC e ited ut a  also e AC e ited. Fo  the idge to 
be balanced the condition is that: VA = VB  ie. 

.V+ = .V+     on solving the equation we have: =  

Generally RA =RB=RC=RT  when the bridge is balanced. When the physical quantity to be measured changes, the 

transducer resistance also changes and the bridge is unbalanced ie. VA ≠ VB . The output voltage of the bridge can 

be expressed as a function of the change in transducer resistance. 

Therefore by voltage divider rule, we have: V = .V+ +∆  and V = .V+   
Therefore the voltage VAB across the output terminal of the bridge is, VAB = VA - VB 

If RA =RB=RC=RT  then we have the expression for the output voltage as: V = −∆ . V. +∆  

The negative sign indicates that VB > VA due to increase in value of RT. 

The output voltage of the bridge is applied to the differential instrumentation amplifier consisting of three op-amp 

as shown in figure 5.11. Two voltage followers help to avoid loading of the bridge circuit. The gain of the basic 

diffe e tial a plifie  is: −RF / R1). Therefore the output voltage VO = VAB −RF / R1) ie � = −∆ . � − �. +∆ .  

Si e ΔR is e  s all R+ΔR ≈ R , the efo e,  � = ∆ . � �.  

From this equation it is observed that VO is di e tl  p opo tio al to ha ge i  esista e ΔR, he e a ha ge i  
physical energy can be easily measured. 

Applications of Instrumentation Amplifier: 

1. Temperature Indicator.  

2. Temperature controller. 

3. Light intensity meter. 

4. Measurement of flow and thermal conductivity. 

5. Analog weight scale.  

 

DIFFERENTIAL INPUT AND DIFFERENTIAL OUTPUT AMPLIFIER: 

This amplifier is most commonly used as a preamplifier and in driving push-pull arrangements. Figure 5.12 shows 

the circuit diagram of differential input and differential output amplifier. 

RT ± ΔR 
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Figure 5.11: Differential Instrumentation Amplifier using a Transducer bridge 

Downloaded from  be.rgpvnotes.in

Page no: 12 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

Circuit consist of two identical op-amps. The analysis of 

circuit can be accomplished by determining the output of 

each op-amp due to differential input.  

Using superposition theorem, output VOX due to inputs VX 

and VY is given as- �� = + � � − � �  

Similarly, the output VOY is- �� = + � � − � �  

However, the differential output VO is- 

VO = VOX ─ VOY 

Therefore substituting VOX and VOY in above equation we get- � = + � � − �  = + � ��  

This means that the differential input and output are in 

phase. This amplifier is useful in noisy environment, 

especially if the input is relatively smaller, because it rejects 

the common mode noise voltages. 

  

VOLTAGE SERIES FEEDBACK AMPLIFIER: 

This is basically a practical non inverting amplifier with feedback also called as closed loop non inverting amplifier. 

 

Op-amp is in forward path while the feedback circuit 

consists of the resistances R1 and RF. Input is applied 

to non-inverting terminal. Voltage across R1 is the 

feedback voltage Vf. Vf is given to inverting terminal 

which opposes the input voltage by 180° which 

ensures that feedback is negative. 

Closed loop voltage gain, Af = VO / VS 

Open loop voltage gain, A = VO / Vi   

 where Vi (Difference of input voltage) = V1 – V2 

Feed a k fa to , β = Vf / VO  

Closed Loop Voltage gain of voltage series feedback amplifier: 

As defined, Af = VO / VS 

The output voltage Vo = A.Vi = A (V1 −V2) ............................................................... 5.25 

From figure 5.13, V1 = VS  and  V2 = Vf = 
.V+ F … … … … … … … … … … … … … … … … .  

Substituting the value of V1 and V2 in equation 5.25 and rearranging, we get �� = �. � � + ��� + �� + ��  

Thus,  �� = ��� = �. � + ��� + �� + �� … … … … … … … … . .  

 

Generally, A is very large (typically 105). Therefore (A.R1)>> (R1+RF) and (R1+RF+A.R1 ≈ A.R1 

Thus,  Af = VV = + F   (Ideal) .............................................................................5.28 

Since the feedback factor, β = Vf / VO 

Thus from equation 5.26, β = VfV = + F … … … … … … … … … … … … … … … . . .  

Comparing equation 5.27 and 5.28, we can conclude that: �� = � (Ideal) .......................5.30 

Closed loop oltage gai  i  te s of ope  loop gai  A a d feed a k fa to , β as follo s: 
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Figure 5.13: Voltage Series feedback amplifier 
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Rearranging the equation 5.27 we get: 

Af = VV = A R + RFR + RFR + RFR + RF + ARR + RF 

Using equation 5.29, we get: �  = �� = �+ �. � … … … … … … … … … … … .  

Where, A = open loop voltage gain; Af = losed loop oltage gai ; β= gai  of feed a k i uit; A.β = loop gai  

 

Input Resistance with feedback(Rif) of voltage series feedback amplifier: 

Figure shows the voltage series feedback amplifier with the op-amp equivalent circuit. 

 

The input resistance with feedback is defined as- Rif = VIi = VVi i⁄  

However, Vi = V   and  V = + β V  

Therefore, Rif = Ri +Aβ ........................................................................5.32 

From equation 5.32 we conclude that the input resistance of op-a p ith feed a k is +Aβ  ti es that ithout 
feedback. 

Output Resistance with feedback (Rof) of voltage series feedback amplifier: 

Output resistance is the resistance determined looking back into the feedback amplifier from the output terminal 

as shown in figure 5.15. 

 
Output esista e is o tai ed  usi g The e i ’s theo e ,  aki g VS = 0V, and by applying external voltage 
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Figure 5.15: Voltage Series Feedback with op-amp equivalent circuit (Output Resistance) 
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Rof is defined as; Rof = VO / IO .....................................................................5.33 

Applying KCL at output node B, we get    IO = Ia + Ib  

Since, Ia >> Ib. Therefore,  IO ≈ Ia  

Applying KVL for the output loop- we get,  VO ─ RO.IO ─A.Vi = 0 

Therefore, � = V − A. ViR  

However, Vi = V1 ─ V2 =  ─ Vf   (since, VS = V1 = 0V and V2 = Vf ) 

Therefore, Vi = − R . VR + RF =  −βV   
Therefore, � = V + βA. VR  

Substituting the value of IO in equation 5.33, we get = + �. � … … … … … … … … … . .  

E uatio  .  sho s that the output esista e ith feed a k is [ / +Aβ ] ti es the output esista e RO of the 

op-amp ie. the output resistance with feedback is much smaller than the output resistance without feedback. 

 

VOLTAGE SHUNT FEEDBACK AMPLIFIER: 

It is also called as inverting amplifier with feedback. Figure 5.16 shows the voltage shunt feedback amplifier. Input 

voltage is applied to inverting terminal and amplified as well as inverted output signal is applied to inverting input 

via feedback resistor RF and this arrangement forms a negative feedback. Non inverting terminal is grounded. 

 

Closed Loop Voltage gain of voltage shunt feedback 

amplifier: 

From figure 5.13, writing KCL at input node V2, 

IS = IB + If ......................................................... 5.35 

Input bias current is very small because very high input 

impedance (Ri). 

Therefore , IS ≈ If V −V = V −VF ..............................................5.36 

Since, the output voltage Vo = A.Vi = A (V1 −V2) ............. 5.37 

(V1 −V2) = Vo / A            Since, V1 = 0V  

Therefore , (V2) = ─ Vo / A)  ....................................5.38           

Substituting the equation 5.38 in equation 5.36, we get �� = ��� = − ���� + �� + ��  �� � … … … … … … … … … … … . .  

Since, the internal gain A of op-amp is very large, A.R1 >>R1 + RF 

Hence, equation 5.39 can be rewritten as- �� = ��� = − ���  � �� … … … … … … … … … … … . .  

This equation shows that gain of inverting amplifier is set by values of feedback and input resistors. The negative 

sign indicates that input and output is out of phase by 180°. 
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Input resistance with feedback of voltage shunt feedback amplifier: 

 
Millerize the feedback resistor RF; ie. splitting the RF into two miller components as shown in figure 5.17 to find the 

input resistance. 

From the circuit, the input resistance with feedback Rif is then , Rif = R + F+ // ��  

Output resistance with feedback of voltage shunt feedback amplifier: 

The equivalent circuit for output resistance with feedback Rof of inverting amplifier is same as that for non 

inverting amplifier because the output  resistance of inverting amplifier must be same to that of the non inverting 

amplifier. = + �. � … … … … … … … … … . .  

 

LOGARITHMIC AMPLIFIER: 

Figure shows the circuit diagram of logarithmic amplifier. The output voltage is always proportional to the natural 

logarithm of the input voltage, hence called as logarithmic amplifier. Basically circuit is an inverting amplifier in 

which feedback resistor RF is replaced by a p-n junction diode D. For satisfactorily operation of this amplifier, diode 

has to be forward biased, so the input signal must have positive values only. 

 

Mathematically, diode current equation is given as: � = � . [(e V V⁄ ) −  ] 

Where, I is diode current, IR is diode reverse saturation 

current, VD is the applied voltage and VT  is the volt 

equivalent of temperature. 

When diode is forward biased, VD >>> VT, hence (e V V⁄ ) ≫  

Therefore,  � = � . [(e V V⁄ )] … … … … … … … … … .  

From the circuit diagram, using the virtual ground concept, 

we have:  Ii = ─ IO 

So, 
���� =  −� . [(e V V⁄ )] … … … … … … … … … … … … … . .  

But, voltage across diode D is equal to output voltage VO. Hence, equation 5.43 becomes 

 
VIi =  −� . [(e V V⁄ )] … … … … … … … … … … … … … . .  

Taking natural logarithm on both sides, we have ln [ VIRi� ] =  − [VV ] … … … … … … … … … … … … … . .  

Hence, � = −� . � [ ���� ] … … … … … … … … . . .  

From equation 5.46, since VT, IR and Ri are constants, then VO is directly proportional to natural logarithm of VIN. 

Figure 5.18: Logarithmic Amplifier 
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ANTILOGRATHMIC AMPLIFIER or EXPONENTIAL AMPLIFIER: 

Antilogarithmic amplifier is obtained by changing the position of diode D and resistor Ri in a logarithmic amplifier, 

as shown in figure 5.19. The output voltage of this amplifier is always proportional to the antilogarithmic of the 

input voltage. For satisfactorily operation of this amplifier, diode has to be forward biased, so the input signal 

must have positive values only. 

 

Mathematically, diode current equation is given as: � = � . [(e V V⁄ ) −  ] 

Where, I is diode current, IR is diode reverse saturation 

current, VD is the applied voltage and VT  is the volt 

equivalent of temperature. 

When diode is forward biased, VD >>> VT, hence (e V V⁄ ) ≫  

Therefore,  � = � . [(e V V⁄ )] … … … … … … … … … .  

Therefore,  �I = � = � . [(e V V⁄ )] … … … … … … … … … .  

But the diode voltage VD is equal to the input voltage VIN, therefore �I = � = � . [(e VI V⁄ )] 

From the circuit diagram, using the virtual ground concept, we have:  IIN = ─ IO 

Therefore, � . [(e VI V⁄ )] = − V   ie.  �  =  − � . ( �� �⁄ ) … … … … … … … … . . � 

From equation 5.49, Since VT, IR and R are constants, we have output voltage VO is directly proportional to 

antilog of VIN. 

TRIANGULAR WAVE GENERATOR: 

Triangular wave generator, as shown in figure 5.19 can be formed by connecting the output of square wave 

generator to an integrator. The frequencies of the square wave and triangular wave are the same.  

The frequency of triangular wave will increase or decrease as resistor R increases or decreases. Although the 

amplitude of the square wave is constant (±Vsat); the amplitude of the triangular wave decreases with an increase 

in its frequency and vice versa as shown in figure 5.21. The input to the integrator is a square wave while its 

output is a triangular wave. For a perfect triangular wave output the circuit time constant (5.R3.C2) > T/2, where T 

is the time period of the square wave input. The output frequency is limited by the slew rate of the op-amp. 

Therefore, for generation of relatively higher frequencies, high slew rate op-amp are used. 

  
Another triangular wave generator, with fewer components is shown in figure 5.20. Op-amp A1 operates as a 

comparator and A2 as an integrator. The voltage drop across R2 appears at the point P which is the actual input 

appearing at the non-inverting terminal of op-amp A1. This voltage at point P continuously compared with the 

voltage at inverting terminal of op-amp A1, which is at ground potential. When the potential at point P is positive 

and greater than the potential at inverting terminal, the output voltage swings to positive saturation, where as 

potential P is negative the output voltage swings to negative saturation.  

Figure 5.20 
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Circuit operation: Let the output of op-amp A1 is 

at +VSAT (+VCC). This +VSAT is an input to integrator 

A2. The output of A2, therefore will be negative 

going ramp. This means that the one end of the 

voltage divider R2-R3 is at +VSAT of A1 and the 

other end is the negative going ramp of A2. When 

negative going ramp attains a certain value 

─VRamp , point P potential becomes negative and 

the output amplifier A1 swings from positive 

saturation to negative saturation. The output of 

op-amp A2 will now start increasing until it 

reaches a voltage level equal to +VRamp. At this 

value of the output, the potential at point P 

becomes positive forcing the output of op-amp 

A1 f o  ─VSAT to +VSAT. 

 This process repeats and the triangular wave output gets generated as shown in figure 5.21. The triangular and 

square wave output frequencies are same and the amplitudes of square wave is proportional to the saturation 

oltages ─VSAT and +VSAT. The a plitude of t ia gula  a e is gi e  as: ─VRamp = ─ R2/R3)( +VSAT)   and similarly,  

+VRamp = ─ R2/R3)( ─VSAT)   . 

Hence the peak to peak (PP) output amplitude of triangular wave is: 

VO(PP) = +VRamp ─ ─VRamp)  =  2(R2/R3)(VSAT)   where VSAT  = |+� � | = |−� � | 
Above equation indicates that amplitude of triangular wave decreases with an increase in resistor R3. 

The time period T of the triangular wave is given by the expression: T = [ (4.R1.R2.C1) / (R3) ] 

The frequency of oscillation of the triangular wave is given by: f = 1/ T = [ (R3) / (4.R1.R2.C1) ] 

 

PHASE SHIFT OSCILLATOR: Figure 5.22 shows the phase shift oscillator, which consists of op-amp as the amplifying 

stage and three RC cascaded networks as the feedback circuit. Phase shift of 180° is provided by op-amp which is 

used in inverting mode whereas additional 180° phase shift is provided by the cascaded RC networks. Thus the 

total phase shift around the loop is 360°. 

 

At some specific frequency, when phase shift of RC network is 

exactly 180° and gain of amplifier is sufficiently large, oscillation 

occurs at that frequency. The frequency of oscillation is given as: = � √  

At this frequency, the gain of amplifier must be 29. ie. | �| = . 

Means, the circuit will produce a sinusoidal waveform of frequency 

fo if the gain is 29 and the total phase shift around the loop is 360°. 
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WEIN BRIDGE OSCILLATOR:  

 

Oscillator used to generate audio frequency is the wein 

bridge oscillator as shown in figure 5.23. It provides 

frequency stability. Wein bridge is connected between 

the amplifier input terminals and the output terminals. 

Bridge has RC series and RC parallel network in two 

arms and in remaining arms R1 and RF resistors are 

connected as shown in figure. 

Total phase shift of 360° around the circuit occurs only 

when the bridge is balanced ie. at resonance. 

The frequency of oscillation is given by: = �  

At this frequency the gain required for sustained 

os illatio  is gi e   A = /β =  

Ie. 1+ (RF/R1) =3   or  RF = 2R1. 

 

ANALOG MULTIPLIER-MPY634:  

Analog multiplier IC is commonly used to perform various mathematical operations such as voltage divider, 

frequency doubling squaring, square rooting etc. 

Basic multiplier and its characteristics:  

 

Basic multiplier is an active circuit in which output voltage is 

proportional to the product of input signals. 

Output of multiplier is : VO = K.V1.V2 where, K = 1/(Vref) 

Usually Vref is set to 10V internally, hence, 

VO = (V1.V2) / 10 .................................. 5.50 

If, (V1.V2) < Vref, the output of multiplier will not saturate. 

Depending upon the polarity restriction of the inputs, the IC 

operation is  called as- 

a)One Quadrant multiplier: In such operation, polarity of 

inputs must always be positive. 

b) Two quadrant Multiplier:  This multiplier functions properly, if one input is held positive and the other is 

allowed to swing in both positive and negative. 

c) Four Quadrant Multiplier:  This multiplier functions properly, if both the inputs are allowed to swing in both 

positive and negative directions. 

Applications of Multiplier: 

1) In communication, it is used in amplitude modulation, frequency modulation, phase modulation etc. 

2) In instrumentation and control, to measure velocity, acceleration, automatic gain control etc. 

3) For voltage controlled applications. 

4) It is used for voltage divider, true RMS calculation etc. 

5) Used for frequency converters, frequency doubling etc. 

6) It is used for squaring, square root calculations and solving non-linear equations. 

7) It is used in oscillators. 

 

Voltage Divider using Multiplier: 

Figure 5.25 shows the voltage divider circuit using multiplier.  Voltage divider is the circuit in which the output is 

the division of two input signals. As shown in figure the multiplier is used in feedback loop. Denominator is applied 

to X input of multiplier and denominator at inverting input of op-amp. 
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Node A and B is at same potential, due to virtual 

ground concept ie VA = VB = 0V. As input is applied 

to inverting terminal, so, IN = ─IZ . 

Therefore, (VN/R  = ─ VZ/R) 

Since , VZ = K.V1.V2  and V1 = VO 

Hence, (VN/R  = ─[K.VO.V2 /R]   

Therefore,  VO = ─[ VN / (K.V2)] 

Thus the output is proportional to the division of 

two input voltages VN and V2. Input voltage V2 is 

negative, hence divider circuit are two quadrant 

circuits. 

 

Squaring Circuit using Multiplier: 

Figure 5.26 shows the circuit diagram of squaring circuit using multiplier. 

 

Squaring circuit gives the square of the input 

voltage applied. 

From figure, same input voltage (V1) is applied to 

both the input terminals of multiplier. Hence the 

output voltage is given as,    VO = K. (V1)2  

 Thus the output is proportional to the square of 

the input. 

 

 VOLTAGE CONTROLLED OSCILLATOR (VCO): 

In some applications such as frequency modulation, frequency shift keying, where the frequency is controlled by 

an input voltage (also called control voltage). Such type of frequency control is achieved in voltage controlled 

oscillator (also called voltage to frequency converter). 
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Figure 5.27 shows the block diagram of 566 VCO. Triangular wave output is generated by charging and discharging 

of capacitor C1 ,by current sources. A charge and discharge level are determined by Schmitt trigger and also 

provides square wave output. Both the output waveforms are buffered so that the output impedance of each will 

be equal. 
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Figure 5.27: Block diagram of 566 VCO  
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Figure 5.28 is the connection diagram. R1C1 combination provides the free running frequency. Control voltage VC is 

set by voltage divider formed by R2 and R3. The modulating signal is ac coupled with capacitor C and must be less 

than 3VP-P. The frequency of oscillation of output waveforms is given by: 

fO ={ [  +V ─ VC)] /  [R1C1(+V)] } 

he e, kΩ < R1 < kΩ a d [  ¾ +VC ]  VC  +V. Fo  the fi ed alue of VC and constant C1, fO can be carried over 

a 10:1 frequen  a ge  hoosi g R  et ee  kΩ a d kΩ. Si ila l , fo  o sta t R1C1 product, fO can be 

modulated over a 10:1 range by the control voltage VC.  

If VCO has to drive standard logic circuitry, dual supply of ±5V is used, so that square wave output has a proper DC 

level. 

Applications of VCO: 

1) FM modulation. 2) Frequency Shift Keying. 3) Signal generation (Square and Triangular) 4) Function Generation. 

5) Converting low frequency signals such as electroencephalograms (EEG) or electrocardiograms (EKG) into a audio 

frequency range. 6) In frequency multipliers. 

 

COMPARATOR: 

An open loop op-amp, which compares a signal voltage on one input with the known voltage (reference voltage) 

on other input of op-amp is called a comparator. Output of comparator may be +VSAT a d ─VSAT, depending on 

which input is largest. Comparators are used in circuits such as Schmitt triggers, voltage level detectors, oscillators 

and digital interfacing. 

 
  

Figure 5.30 shows the circuit diagram of non-inverting comparator. From the circuit diagram, a fixed reference 

voltage is applied to inverting terminal of op-amp and a time-varying sinusoidal signal is applied to non-inverting 

input, hence the circuit is called as non-inverting comparator. Here the reference voltage VREF is positive. When 

the VIN < VREF (ie. voltage at inverting input is higher than non-inverting input), the output VO is at ─VSAT ≈─VEE). On 

Figure 5.32: Output for ─VREF 
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Figure 5.31: Output for +VREF 
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Figure 5.29: Output Waveforms of 566 VCO  
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the other hand, when the VIN > VREF (ie. voltage at non- inverting input is higher than inverting input), the output 

VO is at +VSAT ≈+VCC). Thus the output voltage VO changes from one saturation level to another whenever VIN ≈ 
VREF, as shown in figure 5.31. Hence, we can say that the comparator is a type of ADC converter. Diodes D1 and D2 

are called clamping diodes because the difference input voltage, Vi of op-amp is clamped to either +0.7V and 

─ . V. These diodes also p ote t the op-amp from damage due to excessive input voltage VIN. Resistance R is used 

to limit the current through diodes. To minimize the offset problems, ROM≈ R is o e ted i  et ee  VREF and 

inverting input of op-amp. Figure 5.32 shows the input and output waveforms when the reference voltage (VREF) is 

negative. 

 
  

Figure 5.33 shows the inverting comparator. Here VIN is applied to inverting terminal of op-amp and Vref is applied 

to non-inverting terminal of op-amp. With sinusoidal input waveform, the output waveform for negative reference 

and positive reference voltage is shown in figure 5.34 and 5.35. 

 ZERO CROSSING DETECTOR:  

Inverting or non-inverting comparator can be used as a zero crossing detector provided that reference voltage ,Vref 

is set to zero volts (Vref = 0V) as shown in figure 5.36. The output voltage VO switches and saturates positively and 

negatively, whenever input signal VIN crosses zero volts. Output voltage VO is driven into negative saturation when 

the input signal VIN passes through zero volts in positive direction and VO is driven into positive saturation when 

the input signal VIN passes through zero volts in negative direction as shown in figure 5.37. The output waveform is 

a square wave. Hence the zero crossing detector is also called as sine wave-to-square wave converter. 

  
 

For low frequency input signal (slowly changing waveform), VIN take more time to cross 0V, hence switching at the 

output will also take time. On the other hand, because of noise at the op-amps input terminals, output fluctuates 

between +VSAT and –VSAT, detecting zero reference crossing for noise as well as input VIN. These problems can be 

cured by the use of positive feedback or regenerative feedback, that causes the output to change faster and 

eliminate any false output transitions due to noise at the input. 
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Figure 5.36: Zero Crossing Detector            
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Figure 5.35: Output for ─VREF 
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Figure 5.34: Output for +VREF 
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Figure 5.33: Inverting Comparator        
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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