
PREPARED BY SHREESHAYANA R,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURUEmitting Elite Energy

Analog Electronic Circuits-BEE303

Module 3: Multistage Amplifiers & Feedback Amplifiers



▪ Multistage amplifiers: Cascade and cascode connections, Darlington circuits, 

analysis and design.

▪ Feedback amplifiers: Feedback concept, different types, practical feedback 

circuits, analysis and design of feedback circuits. 

Module III
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Multistage Amplifiers: Cascade Connection

When the amplification from a single stage amplifier is not sufficient for a particular purpose or 

when the input or output impedance is not of suitable magnitude for the intended application, two or 

more stages are connected in series. 

The output of one stage is connected as input to the other stage.
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Multistage Amplifiers: Cascade Connection

For the cascaded system, the input impedance is that of first stage and output impedance is that of 

last stage.

Zi = Zi1       and        ZO = ZO3

The output of one stage is connected as input to the other stage.

Vi2 = VO1        and     Vi3 = VO2

A total overall voltage gain of the cascading amplifier is:

𝑨𝑽𝑻 =
𝑽𝑶

𝑽𝑰



Multistage Amplifiers: Cascade Connection

A total overall voltage gain of the cascading 

amplifier is:

𝑨𝑽𝑻 =
𝑽𝑶

𝑽𝑰

𝑨𝑽𝑻 =
𝑽𝑶

𝑽𝒊𝟑

 ∗
𝑽𝒊𝟑

𝑽𝒊𝟐

 ∗
𝑽𝒊𝟐

𝑽𝑰

Vi2 = VO1        and     Vi3 = VO2

𝑨𝑽𝑻 =
𝑽𝑶

𝑽𝒊𝟑

 ∗
𝑽𝑶𝟐

𝑽𝒊𝟐

 ∗
𝑽𝑶𝟏

𝑽𝑰

𝑨𝑽𝑻 = 𝑨𝑽𝟑 ∗ 𝑨𝑽𝟐 ∗ 𝑨𝑽𝟏

𝑨𝑽𝑻 = 𝑨𝑽𝟏 ∗ 𝑨𝑽𝟐 ∗ 𝑨𝑽𝟑

For n-cascaded amplifier stages, 

𝑨𝑽𝑻 = 𝑨𝑽𝟏 ∗ 𝑨𝑽𝟐 ∗ 𝑨𝑽𝟑 
−−−−− −𝑨𝑽𝒏



Multistage Amplifiers: Cascade Connection

A total overall current of the cascading 

amplifier is:

𝑨𝑰𝑻 = −𝑨𝑽𝑻 ∗
𝒁𝒊𝟏

𝑹𝑳
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Multistage Amplifiers: Cascode Connection

In this connection the output of Common 

Emitter (CE) stage drives the input of Common 

Base (CB) stage.

1. Low input capacitance

2. High input impedance (provided by CE)

3. High output impedance (provided by CB)

4. Excellent high frequency response

The voltage gain of CE stage is very low.

RB is used to limit the bias current of Q2.
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Cascade Connection: Solved Examples

1. For the cascaded arrangement shown 

below, determine

a. The loaded voltage gain of each stage

b. The total gain of the system, AV and AVS

c. The total current gain of the  system

Given:

Stage 1: Zi = 10kΩ, ZO = 12Ω, AVNL = 1

Stage 2: Zi = 26Ω, ZO = 5.1kΩ, AVNL = 240

RS = 1kΩ, RL = 8.2kΩ
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Cascade Connection: Solved Examples

a. The loaded gain of each stage

For the emitter follower stage the load is Zi2.

𝑨𝑽𝟏 =
𝑽𝑶𝟏

𝑽𝒊𝟏
=

𝒁𝒊𝟐

𝒁𝒊𝟐 + 𝒁𝑶𝟏
 𝑨𝑽𝑵𝑳

𝑨𝑽𝟏 =
𝟐𝟔

𝟐𝟔 + 𝟏𝟐
 ∗ 𝟏 = 𝟎. 𝟔𝟖𝟒

𝑨𝑽𝟐 =
𝑽𝑶𝟐

𝑽𝒊𝟐
=

𝑹𝑳

𝑹𝑳 + 𝒁𝑶𝟐
 𝑨𝑽𝑵𝑳

𝑨𝑽𝟐 =
𝟖. 𝟐𝒌

𝟖. 𝟐𝒌 + 𝟓. 𝟏𝒌
 ∗ 𝟐𝟒𝟎 = 𝟏𝟒𝟕. 𝟗𝟕

b. Total voltage gain

𝑨𝑽𝑻 = 𝑨𝑽𝟏 ∗ 𝑨𝑽𝟐 

𝑨𝑽𝑻 = 𝟎. 𝟔𝟖𝟒 ∗ 𝟏𝟒𝟕. 𝟗𝟕 = 𝟏𝟎𝟏. 𝟐𝟎 



Cascade Connection: Solved Examples

𝑨𝑽𝑺 =
𝒁𝒊𝟏

𝒁𝒊𝟏 + 𝑹𝑺
 𝑨𝑽𝑻

𝑨𝑽𝑺 =
𝟏𝟎𝒌

𝟏𝟎𝒌 + 𝟏𝒌
 ∗ 𝟏𝟎𝟏. 𝟐𝟎 = 𝟗𝟐

c. Total current gain

𝑨𝑰𝑻 = −𝑨𝑽𝑻 ∗
𝒁𝒊𝟏

𝑹𝑳

𝑨𝑰𝑻 = − 𝟏𝟎𝟏. 𝟐𝟎 ∗
𝟏𝟎𝒌

𝟖. 𝟐𝒌
= −𝟏𝟐𝟑. 𝟒𝟏

PREPARED BY SHREESHAYANA R,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURUEmitting Elite Energy



Cascade Connection: Solved Examples

1. For the cascaded arrangement shown 

below, determine

a. The loaded voltage gain of each stage

b. The total gain of the system, AV and AVS

c. The current gain of each stage

d. The total current gain

Given:

Stage 1: Zi = 1kΩ, ZO = 3.3kΩ, AVNL = -420

Stage 2: Zi = 1kΩ, ZO = 3.3kΩ, AVNL = -420

RS = 0.6kΩ, RL = 2.7kΩ

PREPARED BY SHREESHAYANA R,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURUEmitting Elite Energy



Cascade Connection: Solved Examples

a. The loaded gain of each stage

For the emitter follower stage the load is Zi2.

𝑨𝑽𝟏 =
𝑽𝑶𝟏

𝑽𝒊𝟏
=

𝒁𝒊𝟐

𝒁𝒊𝟐 + 𝒁𝑶𝟏
 𝑨𝑽𝑵𝑳

𝑨𝑽𝟏 =
𝟏𝒌

𝟏𝒌 + 𝟑. 𝟑𝒌
 ∗ −𝟒𝟐𝟎 = −𝟗𝟕. 𝟔𝟕

𝑨𝑽𝟐 =
𝑽𝑶𝟐

𝑽𝒊𝟐
=

𝑹𝑳

𝑹𝑳 + 𝒁𝑶𝟐
 𝑨𝑽𝑵𝑳

𝑨𝑽𝟐 =
𝟐. 𝟕𝒌

𝟐. 𝟕𝒌 + 𝟑. 𝟑𝒌
 ∗ −𝟒𝟐𝟎 = −𝟏𝟖𝟗

b. Total voltage gain

𝑨𝑽𝑻 = 𝑨𝑽𝟏 ∗ 𝑨𝑽𝟐 

𝑨𝑽𝑻 = −𝟗𝟕. 𝟔𝟕 ∗ −𝟏𝟖𝟗 = 𝟏𝟖. 𝟒𝟓 ∗ 𝟏𝟎𝟑 



Cascade Connection: Solved Examples

𝑨𝑽𝑺 =
𝒁𝒊𝟏

𝒁𝒊𝟏 + 𝑹𝑺
 𝑨𝑽𝑻

𝑨𝑽𝑺 =
𝟏𝒌

𝟏𝒌 + 𝟎. 𝟔𝒌
 ∗ 𝟏𝟖. 𝟒𝟓 ∗ 𝟏𝟎𝟑 = 𝟏𝟏. 𝟓𝟑 ∗ 𝟏𝟎𝟑

c. Current gain of each stage

𝑨𝑰𝟏 = −𝑨𝑽𝟏 ∗
𝒁𝒊𝟏

𝒁𝒊𝟐

𝑨𝑰𝟏 = − −𝟗𝟕. 𝟔𝟕 ∗
𝟏𝒌

𝟏𝒌
= 𝟗𝟕. 𝟔𝟕

𝑨𝑰𝟐 = −𝑨𝑽𝟐 ∗
𝒁𝒊𝟐

𝑹𝑳

= − −𝟏𝟖𝟗 ∗
𝟏𝒌

𝟐. 𝟕𝒌
= 𝟕𝟎

𝑨𝒊𝑻 = 𝑨𝒊𝟏 ∗ 𝑨𝒊𝟐 = 𝟗𝟕. 𝟔𝟕 ∗ 𝟕𝟎 = 𝟔. 𝟖𝟒 ∗ 𝟏𝟎𝟑 



Darlington Amplifier

β1  = Current gain of Q1

β2  = Current gain of Q2

The current gain of Darlington Transistor:

βD  = β1 * β2

If β1 = β2 = β

βD  = β2

A Darlington connection acts as single 

transistor with a large current gain.
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Darlington Amplifier: DC Bias

Applying KVL to the base circuit we get;

VCC – IBRB – VBE – IERE = 0

VBE = VBE1 + VBE2

IE = (1+βD)IB ≈ βDIB 

IBRB  = VCC – VBE – IERE 

𝑰𝑩 =
𝑽𝑪𝑪  −  𝑽𝑩𝑬

𝑹𝑩 + (𝟏 + 𝜷𝑫)𝑹𝑬

VE = IE * RE

VB = VBE + VE



Darlington Emitter Follower

The Darlington transistor is replaced by

1. Input resistance ri between base and emitter.

2. Controlled current source between collector and 

emitter terminals.

AC equivalent circuit
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Darlington Emitter Follower

AC Input Impedance (ZI):

Applying KVL to the circuit we get;

VI = Ibri + IeRE

Ie = (1+βD)Ib

VI = Ibri + (1+βD)IbRE

𝒁𝒃 =
𝑽𝑰

𝑰𝒃
=  𝒓𝒊 + 𝟏 + 𝜷𝑫 𝑹𝑬 ≈ 𝜷𝑫𝑹𝑬

𝒁𝑰 =
𝑽𝑰

𝑰𝑰
=  𝑹𝑩║𝒁𝒃

AC equivalent circuit



Darlington Emitter Follower

AC Current Gain (AI):

𝑨𝑰 =
𝑰𝑶

𝑰𝑰
=

𝑰𝑶

𝑰𝒃
 ∗

𝑰𝒃

𝑰𝑰

IO = Ie

𝑨𝑰 =
𝑰𝒆

𝑰𝑰
=

𝑰𝒆

𝑰𝒃
 ∗

𝑰𝒃

𝑰𝑰

Ie = (1+βD)Ib ≈ βDIb 

𝑰𝒆

𝑰𝒃
=  𝜷𝑫

AC equivalent circuit
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Darlington Emitter Follower

AC Current Gain (AI):

Applying KCL to the circuit we get;

𝑰𝑰 =
𝑽𝑰

𝑹𝑩
+ 𝑰𝒃 

Vi = IbZb

𝑰𝑰 =
𝑰𝒃𝒁𝒃

𝑹𝑩
+  𝑰𝒃 = [

𝒁𝒃

𝑹𝑩
+ 𝟏] ∗  𝑰𝒃

𝑰𝑰 = [
𝒁𝒃 + 𝑹𝑩

𝑹𝑩
] ∗  𝑰𝒃

𝑰𝒃

𝑰𝑰
=

𝑹𝑩

𝒁𝒃 + 𝑹𝑩

AC equivalent circuit

𝑨𝑰 =
𝜷𝑫𝑹𝑩

𝒁𝒃 + 𝑹𝑩
=

𝜷𝑫𝑹𝑩

𝜷𝑫𝑹𝑬 + 𝑹𝑩



Darlington Emitter Follower

AC Voltage Gain (AV):

VO = IeRE

VO = (1+βD)IbRE

VI = Ib[ri + (1+βD)RE]

𝑨𝑽 =
𝑽𝑶

𝑽𝑰
=

(1+βD)IbRE 

Ib[ri + (1+βD)RE] 

𝑨𝑽 =
𝑽𝑶

𝑽𝑰
=

(1+βD)RE 

[ri + (1+βD)RE] 
≈ 𝟏

AC equivalent circuit
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Darlington Emitter Follower

AC Output Impedance (ZO):

Applying KCL to the circuit we get;

Ib+βDIb – II
 + I = 0

𝑰𝒃 =
−𝑽

𝒓𝒊
 𝐚𝐧𝐝 𝑰𝑰 =

𝑽

𝑹𝑬

−𝑽

𝒓𝒊
+ 𝜷𝑫

−𝑽

𝒓𝒊
 −

𝑽

𝑹𝑬
+ 𝑰 = 𝟎

𝟏

𝒓𝒊
+

𝜷𝑫

𝒓𝒊
+

𝟏

𝑹𝑬
𝑽 =  𝑰



Darlington Emitter Follower

AC Output Impedance (ZO):

𝒁𝑶 =
𝑽

𝑰
=

𝟏

𝟏
𝒓𝒊

+
𝜷𝑫
𝒓𝒊

+
𝟏

𝑹𝑬

𝒁𝑶 =
𝑽

𝑰
=

𝟏

𝟏
𝒓𝒊

+
𝟏

𝒓𝒊/𝜷𝑫
+

𝟏
𝑹𝑬

𝒁𝑶 = 𝒓𝒊║𝑹𝑬║
𝒓𝒊

𝜷𝑫
≈

𝒓𝒊

𝜷𝑫



Darlington Emitter Follower

PREPARED BY SHREESHAYANA R,ASSISTANT PROF,DEPT OF EEE,ATMECE,MYSURUEmitting Elite Energy



Darlington Emitter Follower
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Darlington Emitter Follower
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Darlington Emitter Follower
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Analog Electronic Circuits – BEE303
Module-III: Feedback Amplifiers
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Feedback Amplifiers

Advantages of Negative feedback:

1. Negative feedback stabilizes transfer gain.

2. Reduces Non-linear distortion by a factor, 1 + βA.

3. Noise output is reduced by a factor, 1 + βA.

4. Negative feedback reduces frequency distortion.

5. Voltage amplifier generally have high input resistance and low output resistance. Negative 

feedback further increases the input resistance and further decreases the output resistance.

6. Improves frequency response of the amplifier.
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Feedback Amplifiers

Voltage Amplifier Current Amplifier 

RI >> RS and RL >> RO

For Ideal Case: RI = Infinite and RO = Zero

Output voltage is proportional to the input 

voltage.

RI << RS and RL << RO

For Ideal Case: RI = Zero and RO = Infinite

Output current is proportional to input 

current.



Feedback Amplifiers

Transconductance  Amplifier Transresistance Amplifier 

RI >> RS and RL << RO

For Ideal Case: RI = Infinite and RO = Infinite

Output current is proportional to the input 

voltage.

RI << RS and RO << RL

For Ideal Case: RI = Zero and RO = Zero

Output voltage is proportional to input 

current.



Feedback Amplifier

The amplifier in which a part of output is sampled fed back to the input of the amplifier is called 

feedback amplifier.

When input and a part of output signal are in phase, is called positive feedback.

When input and a part of signal are in out of phase, is called negative feedback.



Feedback Structure

Sampling Network: 

➢ The output voltage is sampled by connecting feedback network in shunt across the output.

➢ The output current is sampled by connecting feedback network in series with the output.



Feedback Structure

Mixer Network: 
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Basic Feedback Topologies

Voltage amplifier with voltage series feedback Current amplifier with current shunt feedback
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Basic Feedback Topologies

Trans-conductance amplifier with current 
series feedback

Trans-resistance amplifier with voltage shunt 
feedback
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Gain with Feedback

𝑨 =
𝑿

𝑶

𝑿
𝑰

    and 𝑨𝒇 =
𝑿

𝑶

𝑿
𝑺

 

Where, 

XO = Output voltage or output current.

XI = Input voltage or input current.

XS = Source voltage or source current.

XI = XS – Xf

Xf = feedback voltage or feedback 

current.

𝑨𝒇 =
𝑿𝑶

𝑿𝑺

=
𝑿𝑶

𝑿𝑰 + 𝑿𝒇



Gain with Feedback

𝑨𝒇 =
𝑿𝑶

𝑿𝑺

=
𝑿𝑶

𝑿𝑰 + 𝑿𝒇

𝑨𝒇 =
𝑿𝑶/𝑿𝑰

𝟏 + 𝑿𝒇/𝑿𝑰

𝑨𝒇 =
𝑨

𝟏 +
𝑿𝒇

𝑿𝑶
 ∗

𝑿𝑶

𝑿𝑰

𝑨𝒇 =
𝑨

𝟏 + β 𝑨
β is a Feedback Factor



Effect of Feedback on Input Resistance

Voltage Amplifier:

If feedback signal is added in series with the input signal, it increases the input resistance.

If feedback signal is added in shunt with the input signal, it decreases the input resistance.
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Input resistance of Voltage Series Feedback amplifier

Input resistance with feedback:

 𝑹𝒊𝒇=
𝑽𝑺

𝑰𝒊
 (1)

Obtain Expression for Vs
Applying KVL to the input side we get;

VS – IiRi – Vf = 0

VS = IiRi + Vf = IiRi + βVO (2)

Obtain Expression for Vo in terms of Ii

The output voltage is given by;

𝑽𝑶 =
𝑨𝒗𝑽𝒊𝑹𝑳

𝑹𝑶 + 𝑹𝑳
=  𝑨𝑽𝑽𝒊

Where, 𝑨𝑽 =
𝑨𝒗𝑹𝑳

𝑹𝑶+𝑹𝑳
 

𝑽𝑶 =  𝑨𝑽𝑰𝒊𝑹𝒊      (3)

Obtain Expression for 𝐑𝐢𝐟 

Substitute Eq.(3) in Eq.(2)

VS =  IiRi + βVO = IiRi + β 𝑨𝑽𝑰𝒊𝑹𝒊

𝑹𝒊𝒇 =
𝑽𝑺

𝑰𝒊
= Ri + β 𝑨𝑽𝑹𝒊

𝑹𝒊𝒇 =
𝑽𝑺

𝑰𝒊
= Ri [1+ β 𝑨𝑽]



Input resistance of Current Series Feedback Amplifier

Input resistance with feedback:

𝑹𝒊𝒇 =
𝑽𝑺

𝑰𝒊
 (1)

Obtain Expression for Vs
Applying KVL to the input side we get;

VS – IiRi – Vf = 0

VS = IiRi + Vf = IiRi + βIO (2) 

Obtain Expression for Io in terms of Vi

The output current is given by;

𝑰𝑶 =
𝑮𝒎𝑽𝒊𝑹𝑶

𝑹𝑶 + 𝑹𝑳
=  𝑮𝑴𝑽𝒊

Where, 𝑮𝑴 =
𝑮𝒎𝑹𝑶

𝑹𝑶+𝑹𝑳
 

       𝑰𝑶 =  𝑮𝑴𝑰𝒊𝑹𝒊 (3) 

Obtain Expression for 𝐑𝐢𝐟 

Substitute Eq.(3) in Eq.(2)

VS =  IiRi + βIO = IiRi + β 𝑮𝑴𝑰𝒊𝑹𝒊

𝑹𝒊𝒇 =
𝑽𝑺

𝑰𝒊
= Ri + β 𝑮𝑴𝑹𝒊

𝑹𝒊𝒇 =
𝑽𝑺

𝑰𝒊
= Ri [1+ β 𝑮𝑴]



Input resistance of Current Shunt Feedback Amplifier

Input resistance with feedback:

𝑹𝒊𝒇 =
𝑽𝑰

𝑰𝑺
 (1)

Obtain Expression for Is

Applying KCL to the input side we get;

IS = Ii + If

               IS = Ii + βIO (2)

Obtain Expression for Io in terms of Ii

The output current is given by;

       𝑰𝑶 =
𝑨𝒊𝑰𝒊𝑹𝑶

𝑹𝑶+𝑹𝑳
=  𝑨𝑰𝑰𝒊       (3)

Where, 𝑨𝑰 =
𝑨𝒊𝑹𝑶

𝑹𝑶+𝑹𝑳
 

Obtain Expression for 𝐑𝐢𝐟 

Substitute Eq.(3) in Eq.(2)

IS = Ii + βIO = Ii + βAIIi = Ii [1+ βAI]

𝑹𝒊𝒇 =
𝑽𝑰

𝑰𝑺
=

𝑽𝑰

𝑰𝒊(𝟏 + β𝑨𝑰)

𝑹𝒊𝒇 =
𝑽𝑰

𝑰𝑺
=

𝑹𝑰

 (𝟏 + β𝑨𝑰)



Input resistance of Voltage Shunt Feedback Amplifier

Input resistance with feedback:

𝑹𝒊𝒇 =
𝑽𝑰

𝑰𝑺
     (1)

Obtain Expression for Is

Applying KCL to the input side we get;

IS = Ii + If

IS = Ii + βVO          (2)

Obtain Expression for Vo in terms of Ii

The output voltage is given by;

𝑽𝑶 =
𝑹𝒎𝑰𝒊𝑹𝑶

𝑹𝑶+𝑹𝑳
=  𝑹𝑴𝑰𝒊   (3)

Where, 𝑹𝑴 =
𝑹𝒎𝑹𝑶

𝑹𝑶+𝑹𝑳
 

Obtain Expression for 𝐑𝐢𝐟 

Substitute Eq.(3) in Eq.(2)

IS = Ii + βIO = Ii + βRMIi = Ii [1+ βRM]

𝑹𝒊𝒇 =
𝑽𝑰

𝑰𝑺
=

𝑽𝑰

𝑰𝒊(𝟏 + β𝑹𝑴)

𝑹𝒊𝒇 =
𝑽𝑰

𝑰𝑺
=

𝑹𝑰

 (𝟏 + β𝑹𝑴)



Effect of Feedback on Output Resistance

The negative feedback signal which samples the output voltage, it decreases the output resistance.

The negative feedback signal which samples the output current, it increases the output resistance.
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Output resistance of Voltage Series Feedback

Output resistance with feedback:

1.Obtain Expression for I in Terms of V.

Applying KVL to the output side we get;

AVVI + IRO – V = 0

𝑰 =
𝑽 −  𝑨𝒗𝑽𝒊

𝑹𝑶

The input voltage is given as;

Vi = - Vf = - βV

𝑰 =
𝑽 + β𝑨𝒗𝑽

𝑹𝑶
=

𝑽 𝟏 + β𝑨𝑽

𝑹𝑶

2. Obtain Expression for 𝑹𝑶𝒇

𝑹𝑶𝒇 =
𝑽

𝑰
=

𝑹𝑶

𝟏 + 𝜷𝑨𝑽

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

Draw the Equivalent Circuit with Vs = 0 & RL disconnected



Output resistance of Voltage Series Feedback

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

3. Obtain Expression for 𝐑′𝐎𝐟



Output resistance of Voltage Shunt Feedback

Output resistance with feedback:

1.Obtain Expression for I in Terms of V

Applying KVL to the output side we get;

RmIi + IRO – V = 0

𝑰 =
𝑽 − 𝑹𝒎𝑰𝒊

𝑹𝑶

The input current is given as;

Ii = - If = - βV

𝑰 =
𝑽 + β𝑹𝒎𝑽

𝑹𝑶
=

𝑽 𝟏 + β𝑹𝒎

𝑹𝑶

2. Obtain Expression for 𝑹𝑶𝒇

𝑹𝑶𝒇 =
𝑽

𝑰
=

𝑹𝑶

𝟏 + 𝜷𝑹𝒎

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

Draw the Equivalent Circuit with Is = 0 & RL disconnected



Output resistance of Voltage Shunt Feedback

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

3. Obtain Expression for 𝐑′𝐎𝐟
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Output resistance of Current Series Feedback

Output resistance with feedback:

1.Obtain Expression for I in Terms of V

Applying KCL to the output side we get;

𝑰 =
𝑽

𝑹𝑶
 − 𝑮𝒎𝑽𝒊

The input voltage is given as;

Vi = - Vf = - βIo = βI

𝑰 =
𝑽

𝑹𝑶
− 𝑮𝒎β𝑰

𝑽

𝑹𝑶
= 𝑰 + 𝑮𝒎β𝑰

2. Obtain Expression for 𝑹𝑶𝒇

𝑹𝑶𝒇 =
𝑽

𝑰
= 𝑹𝑶(𝟏 + 𝜷𝑮𝒎)

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

Draw the Equivalent Circuit with Vs = 0 & RL disconnected



Output resistance of Current Series Feedback

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

3. Obtain Expression for 𝐑′𝐎𝐟
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Output resistance of Current Shunt Feedback
Output resistance with feedback:

1.Obtain Expression for I in Terms of V

Applying KCL to the output side we get;

𝑰 =
𝑽

𝑹𝑶
 − 𝑨𝒊𝑰𝒊

The input current is given as;

Ii = - If = - βIo = βI

𝑰 =
𝑽

𝑹𝑶
− 𝑨𝒊β𝑰

𝑽

𝑹𝑶
= 𝑰 + 𝑨𝒊β𝑰

2. Obtain Expression for 𝐑𝐎𝐟

𝑹𝑶𝒇 =
𝑽

𝑰
= 𝑹𝑶(𝟏 + 𝜷𝑨𝒊)

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 



Output resistance of Current Shunt Feedback

Rof
1

 = Rof ║RL = 
𝑹𝑶𝒇 ∗𝑹𝑳

𝑹
𝒐𝒇

 +𝑹
𝑳

 

3. Obtain Expression for 𝐑′𝐎𝐟
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Feedback Amplifiers: Solved Examples

1. Determine the voltage gain, input and output impedance with feedback for voltage series having 

A = -100, Ri = 10kΩ and RO = 20kΩ for feedback  β = - 0.1.

1. Voltage Gain with feedback

𝑨𝒇 =
𝑨

𝟏 + 𝜷𝑨

𝑨𝒇 =
−𝟏𝟎𝟎

𝟏 + (−𝟎. 𝟏)(−𝟏𝟎𝟎)
= −𝟗. 𝟎𝟗

2. Input resistance with 

feedback

Rif = Ri (1+βAV)

Rif = 10k (1+(-0.1)(-100))

Rif = 110 kΩ

3. Output resistance with feedback

𝑹𝑶𝒇 =
𝑹𝑶

𝟏 + 𝜷𝑨𝑽

𝑹𝑶𝒇 =
𝟐𝟎𝒌

𝟏 + (−𝟎. 𝟏)(−𝟏𝟎𝟎)
= 𝟏. 𝟖𝟏𝟖𝒌Ω
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Feedback Amplifiers: Solved Examples

2. An amplifier with negative feedback has a voltage gain of 120. It is found that without feedback an 

input signal of 60 mV is required to produce a particular output, whereas with feedback the input 

signal must be 0.5V to get the same output. Find AV and β.

Given: Avf = 120

𝑨𝑽 =
𝑽𝑶

𝑽𝑺
=

𝑽𝑶

𝟔𝟎𝒎𝑽

𝑨𝑽𝒇 =
𝑽𝑶

𝟎. 𝟓

VO = Avf * 0.5 = 120 * 0.5  = 60V

𝑨𝑽 =
𝑽𝑶

𝑽𝑺
=

𝑽𝑶

𝟔𝟎𝒎𝑽
=

𝟔𝟎

𝟔𝟎𝒎𝑽
= 𝟏𝟎𝟎𝟎

𝑨𝑽𝒇 =
𝑨𝑽

𝟏 + β𝑨𝑽

𝟏𝟐𝟎 =
𝟏𝟎𝟎𝟎

𝟏 + β ∗ 𝟏𝟎𝟎𝟎

β = 0.00733
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Feedback Amplifiers: Solved Examples

3. An amplifier has a voltage gain of 4000. Its input impedance is 2kΩ and output impedance is 

60kΩ. Calculate the voltage gain, input and output impedance of the circuit if 5%of the feedback is 

fed in the form of series negative voltage feedback.

1. Voltage Gain with feedback

𝑨𝒇 =
𝑨

𝟏 + 𝜷𝑨

𝑨𝒇 =
𝟒𝟎𝟎𝟎

𝟏 + (𝟎. 𝟎𝟓)(𝟒𝟎𝟎𝟎)
= 𝟏𝟗. 𝟗

2. Input resistance with 

feedback

Rif = Ri (1+βAV)

Rif = 2k (1+(0.05)(4000))

Rif = 402 kΩ

3. Output resistance with feedback

𝑹𝑶𝒇 =
𝑹𝑶

𝟏 + 𝜷𝑨𝑽

𝑹𝑶𝒇 =
𝟔𝟎𝒌

𝟏 + (𝟎. 𝟎𝟓)(𝟒𝟎𝟎𝟎)
= 𝟐𝟗𝟖. 𝟓Ω
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THANK YOU
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