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Feedback amplifier: 

An op-amp that was feedback is called as feedback amplifier. A feedback amplifier is sometimes 

referred to as closed loop amplifier because the feedback forms a closed loop between the input 

and output. A closed loop amplifier can be represented by using 2 blocks. 

1. One for an op-amp 

2. Another for a feedback circuit. 

There are 4 ways to connect these 2 blocks according to whether volt or current. 

1. Voltage Series Feedback 

2. Voltage Shunt feedback 

3. Current Series Feedback 

4. Current shunt Feedback 

 
 

Voltage series and voltage shunt are important because they are most commonly used. 
 

Voltage Series Feedback Amplifier 
 

Voltage shunt feedback Amplifier 



                                                                                                                 ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

EE 8451 - LINEAR INTEGRATED CIRCUITS AND APPLICATIONS 

 

Voltage Series Feedback Amplifier: 
 
 

 

Before Proceeding, it is necessary to define some terms. 

Voltage gain of the op-amp with a without feedback: 

Gain of the feedback circuit are defined as open loop volt gain (or gain without feedback) A = V0 / 

Vid 

Closed loop volt gain (or gain with feedback) AF = V0 /Vin 

Gain of the feedback circuit => B = VF /V0 . 

1. Negative feedback: 

KVL equation for the input loop is, 

Vid = Vin -Vf ------------------------- (1) 

Vin = input voltage. 

Vf = feedback voltage. 

Vid = difference input voltage. 

The difference volt is equal to the input volt minus the f/b volt. (or) The feedback volt always 

opposes the input volt (or out of phase by 1800 with respect to the input voltage) hence the 

feedback is said to be negative. 

It will be performed by computing 

1. Closed loop volt gain 

2. Input and output resistance 

3. Bandwidth 
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1. Closed loop volt gain: 

The closed loop volt gain is AF = V0 /Vin 

V0 = Avid =A(V1 –V2 ) 

A = large signal voltage gain. 

From the above eqn, V0 = A(V1 – V2 ) 

Refer fig, we see that, V1 = Vin 

V2 = Vf  = R1 V0 

- 

R1 +Rf Since Ri >> R1 

V0 = AVin - R1 V0 

- 

R1 +Rf 

V0 + A R1 V0 = AVin 

-  

R1 +Rf 

 
3. Difference input voltage ideally zero (Vid) 

Reconsider eqn V0 = A Vid 

Vid = V0 /A 

Since A is very large (ideally α ) 

Vid t 0 ---(7.a) 
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(i.e) V1 t V2 --(7.b) 

Eqn (7.b) says that the volt at the Non- inverting input terminal of an op-amp is approximately 

equal to that at the inverting input terminal provided that A, is vey large. 

From the circuit diagram, 

V1 = Vin 

V2 = VF = R1 V0 / R1 +RF 

Sub these values of V1 and V2 in eqn (7.b) we get 

Vin = R1 V0 / R1 +RF (i.e) AF = V0 /Vin = 1+RF/R1 

4. Input Resistance with feedback: 

From the below circuit diagram Ri -> input resistance 

Rif -> input resistance of an op-amp with feedback 

Derivation of input resistance with Feedback: 

 

The input resistance with feedback is defined as, 

 
 

This means that the input resistance of the op-amp with feedback is (i+AB) times that without 

feedback. 

5. Output Resistance with feedback: 
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This resistance can be obtained by using Thevenin‘s theorem. To find out o/p 

resistance with feedback ROF reduce independent source Vin to zero, apply an external voltage V0 , 

and calculate the resulting current i0 . 

The ROF is defined as follows, 

 

ROF = V0 /i0 ---(9.a) 

KCL at o/p node ‗N‘ we get, 

i0 = ia + ib 

Since ((RF + R1 )|| Ri >> R0 and i0 >> ib 

. i0 t ia 

The current i0 can be found by writing KVL eqn for the o/p loop 

V0 – R0 i0 – AVid = 0 

i0 = V0 – AVid 

-   

R0 

Vid = V1 - V2 

= 0 - VF 
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This result shows that the output resistance of the voltage series feedback amplifier is 1/(1+AB) 

the output resistance of R0 the op-amp. (i.e) The output resistance of the op-amp with feedback is 

much smaller than the output resistance without feedback. 

6. Bandwidth with feedback: 

The bandwidth of the amplifier is defined as the band (range of frequency) for which 

the gain remains constant. The Frequency at which the gain equals 1 is known as unity gain 

bandwidth (UGB). The relationship between the breakfrequency f0 , open loop volt gain A, 

bandwidth with feedback fF and closed loop gain AF . 

For an op-amp with a single break frequency f0 , the gain bandwidth product is constant and equal 

to the unity-gain bandwidth. (UGB). 

UGB = (A) (f0 ) (10.a) 

A = open loop volt gain 

f0 = break frequency of an op-amp ((or) only for a single break frequency op-amp UGB = AF fF ---- 

(10.b) 

AF = closed loop volt gain 

fF = bandwidth with feedback. 

Equating eqn 10.a and 10.b 

Af0 = AF fF 

fF = Af0 /AF ---------- (10.c) 

For the non- inverting amplifier with feedback 

AF = A/(1+AB) 

Sub the value of AF in eqn 10.c, we get 

fF = Af0 / A/(1+AB) 

fF = (1+AB) f0 ---- (10.d) 

eqn 10.d -> bandwidth of the non- inverting amplifier with feedback is = bandwidth of the with 

feedback f0 times (1+AB) 

 
7. Total o/p offset voltage with feedback (Vout) 

In an open loop op-amp the total o/p offset voltage is equal to either the +ve or –ve 

saturation volt. 

Vout = +ve (or) –ve saturation volt. 
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With feedback the gain of the Non- inverting amplifier changes from A to A/(1+AB), the total 

output offset voltage with feedback must also be 1/(1+AB) times the voltage without feedback. 

(i.e) 

Total o/p offset Vout with feedback = Total o/p offset volt without feedback 

-   

1+AB 

Vout = ±Vsat 

--------- ----(11) 

1+AB 

1/(1+AB) is < I and ±Vsat = Saturation voltages. The maximum voltages the output of an op-amp 

can reach. 

Note: 

Open-loop even a very small volt at the input of an op-amps can cause to reach maximum value (+ 

Vsat )because of its very high volt gain. According to eqn for a gain op-amp circuit the Vout is 

either +ve or –ve volt because Vsat can be either +ve or –ve. 

Conclusion of Non-Inverting Amplifier with feedback: 

The char of the perfect volt Amplifier: 

1. It has very high input resistamce. 

2. Very low output resistance 

3. Stable volt gain 

4. large bandwidth 

8. Voltage Followe r: [Non-Inverting Buffer] 
 

 
 

The lowest gain that can be obtained from a non- inverting amplifier feedback is 1. 
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When the Non-Inverting amplifier is designed for unity and it is called a voltage 

follower, because the output voltage is equal to and in phase with the input or in volt 

follower the output follows the input. 

It is similar to discrete emitter follower, the volt follower is preferred, because it had 

much higher input resistance and output amplitude is exactly equal to input. 

To obtain the voltage follower, from this circuit simply open R1 and short RF . 

In this figure all the output volt is fed back into the inverting terminal of the 

op-amp. The gain of the feedback circuit is 1 (B = AF =1) AF = 1 RiF =ARi 

ROF =R0 /A 

fF = Af0 

Vout = ±Vsat- A 

Since 1+ A t A. 
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