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Negative Feedback 

𝒙𝟎 = 𝐴𝒙𝑺 − 𝐴𝒙𝒇

𝒙𝟎 = 𝐴𝒙𝑺 − 𝐴𝛽𝒙𝟎

𝒙𝟎 =
𝐴𝒙𝑺
1 + 𝐴𝛽

𝑪𝒍𝒐𝒔𝒆𝒅 𝒍𝒐𝒐𝒑 𝒈𝒂𝒊𝒏 𝑨𝒇 =
𝒙𝟎
𝒙𝒔

=
𝐴

1 + 𝐴𝛽

𝐴𝛽 is called the loop gain and is generally >> 1

𝑨𝒇 ≈
1

𝛽
The feedback network usually consists of passive components, which

are accurate, and hence the overall gain will have very little dependence

on the gain of the basic amplifier, A, a desirable property because the

gain A is usually a function of many manufacturing

and application parameters, some of which might have wide tolerances.
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Gain Desensitization

(a) Simple common-source stage; (b) circuit of (a) with feedback.
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Advantages of Negative Feedback 

Gain Desensitivity

𝑨𝒇 =
𝑨

𝟏 + 𝑨𝜷

𝒅𝑨𝒇 =
(𝟏 + 𝑨𝜷)𝒅𝑨 − 𝑨𝜷𝒅𝑨

(𝟏 + 𝑨𝜷)𝟐

𝒅𝑨𝒇 =
𝒅𝑨

(𝟏 + 𝑨𝜷)𝟐

𝒅𝑨𝒇

𝑨𝒇
=

𝒅𝑨

𝟏 + 𝑨𝜷 𝑨

Bandwidth Extension

𝐴𝑓 𝑠 =

𝐴𝑀
1 + ൗ𝑠 𝜔𝐻

1 +
𝛽𝐴𝑀

1 + ൗ𝑠 𝜔𝐻

𝐴𝑓 𝑠 =
𝐴𝑀

1 + 𝛽𝐴𝑀 + ൗ𝑠 𝜔𝐻
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Advantages of Negative Feedback 
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Advantages of Negative Feedback 

Amplification of a 20-MHz square wave by (a) a 10-MHz amplifier and (b) a cascade of two  100-MHz 

feedback amplifiers.
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Advantages of Negative Feedback 

Noise Reduction

𝑊𝑖𝑡ℎ𝑜𝑢𝑡 𝐹𝑒𝑒𝑑𝑏𝑎𝑐𝑘

𝑁𝑜𝑢𝑡 = 𝐴𝑁𝑖𝑛 + 𝑁𝑎𝑚𝑝

𝑊𝑖𝑡ℎ 𝐹𝑒𝑒𝑑𝑏𝑎𝑐𝑘

𝑁𝑜𝑢𝑡_𝑓 = 𝐴(𝑁𝑖𝑛− 𝛽𝑁𝑜𝑢𝑡𝑓) + 𝑁𝑎𝑚𝑝

𝑁𝑜𝑢𝑡_𝑓 =
𝐴𝑁𝑖𝑛
1 + 𝐴𝛽

+
𝑁𝑎𝑚𝑝

1 + 𝐴𝛽
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Types of Amplifiers 
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Types of Amplifiers 
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Basic Feedback Topologies
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Basic Feedback Topologies
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Series-Shunt Feedback Amplifier

(Voltage-Voltage Feedback)

𝑉𝑜 = 𝐼𝑜𝑅0 − 𝛽𝐴𝑉𝑜

𝑉𝑜
𝐼𝑜
= 𝑅0𝑓 =

𝑅0
1 + 𝛽𝐴

𝛽, 𝐴, 𝐴𝑓 ℎ𝑎𝑣𝑒 𝑛𝑜 𝑢𝑛𝑖𝑡

𝐿𝑜𝑜𝑝 𝑔𝑎𝑖𝑛 ℎ𝑎𝑠 𝑛𝑜 𝑢𝑛𝑖𝑡
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Series-Series Feedback Amplifier

(Current-Voltage Feedback)

𝐼0 = 𝐺𝑀 𝑉𝑖 = 𝐺𝑀 (𝑉𝑠 + 𝛽𝐼0)

𝐼0
𝑉𝑠

= 𝐺𝑀𝑓 =
𝐺𝑀

1 + 𝛽𝐺𝑀

𝑉𝑠 = 𝐼𝑖 𝑅𝑖 + 𝛽𝐼0

𝑉𝑠 = 𝐼𝑖 𝑅𝑖 +
𝛽𝐺𝑀 𝑉𝑠
1 + 𝛽𝐺𝑀

𝑉𝑠

𝐼𝑖
= 𝑅𝑖𝑓 = (1 + 𝛽𝐺𝑀 ) 𝑅𝑖

𝐼𝑡𝑠𝑡 =
𝑉𝑡𝑠𝑡
𝑅0

− 𝛽𝐺𝑀 𝐼𝑡𝑠𝑡

𝑅𝑜𝑓 =
𝑉𝑡𝑠𝑡

𝐼𝑡𝑠𝑡
= 𝑅0(1 + 𝛽𝐺𝑀 )

𝐺𝑀, 𝐺𝑀𝑓 𝑡𝑟𝑎𝑛𝑠𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒: ൗ𝐴 𝑉

𝜷 𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒: 𝑂ℎ𝑚𝑠 𝐿𝑜𝑜𝑝 𝑔𝑎𝑖𝑛 ℎ𝑎𝑠 𝑛𝑜 𝑢𝑛𝑖𝑡
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Shunt-Shunt Feedback Amplifier

(Voltage-Current Feedback)

𝑉0 = 𝑅𝑀 𝐼𝑖 = 𝑅𝑀 (𝐼𝑠 + 𝛽𝑉0)

𝑉0
𝐼𝑠

= 𝑅𝑀𝑓 =
𝑅𝑀

1 + 𝛽𝑅𝑀

𝐼𝑠 = 𝐼𝑓 +
𝑉𝑖
𝑅𝑖

𝐼𝑠 = 𝛽𝑅𝑀 𝐼𝑖 +
𝑉𝑖
𝑅𝑖

𝐼𝑠 = 𝛽𝑅𝑀
𝑉𝑖
𝑅𝑖
+
𝑉𝑖
𝑅𝑖

𝑉𝑖
𝐼𝑠
= 𝑅𝑖𝑓 =

𝑅𝑖
1 + 𝛽𝑅𝑀

𝐿𝑜𝑜𝑝 𝑔𝑎𝑖𝑛 ℎ𝑎𝑠 𝑛𝑜 𝑢𝑛𝑖𝑡

𝑅𝑀, 𝑅𝑀𝑓 𝑡𝑟𝑎𝑛𝑠𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒: Ohms

𝜷 𝑡𝑟𝑎𝑛𝑠𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒: ൗ𝐴 𝑉

𝑉𝑜 = 𝐼𝑜𝑅0 − 𝛽𝑅𝑀 𝑉𝑜

𝑉𝑜
𝐼𝑜
= 𝑅0𝑓 =

𝑅0
1 + 𝑅𝑀 𝐴



ELECTRICAL        ELECTRONICS COMMUNICATION INSTRUMENTATION

10/16/2022 15

Shunt-Series Feedback Amplifier

(Current-Current Feedback)

𝐼0
𝐼𝑠

= 𝐴𝐼𝑓 =
𝐴𝐼

1 + 𝛽𝐴𝐼

𝑉𝑖
𝐼𝑠
= 𝑅𝑖𝑓 =

𝑅𝑖
1 + 𝛽𝐴𝐼

𝑅𝑜𝑓 =
𝑉𝑡𝑠𝑡

𝐼𝑡𝑠𝑡
= 

𝑅0

1+𝛽𝐴𝐼

𝛽, 𝐴𝐼 , 𝐴𝐼𝑓 ℎ𝑎𝑣𝑒 𝑛𝑜 𝑢𝑛𝑖𝑡

𝐿𝑜𝑜𝑝 𝑔𝑎𝑖𝑛 ℎ𝑎𝑠 𝑛𝑜 𝑢𝑛𝑖𝑡
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Analysis of Feedback Amplifiers
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Analysis of Feedback Amplifiers
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Example - 1 Source Follower
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Example - 2
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Example - 2

𝛽 =
𝑅1

𝑅1 + 𝑅2

𝐺1 =
𝑅𝐷(𝑅1 + 𝑅2)

𝑅1𝑅2
𝐺2 =

𝑔𝑚2𝑅𝐷(𝑅1 + 𝑅2)

𝑅𝐷 + 𝑅1 + 𝑅2
𝐴0 =

𝑔𝑚2𝑅𝐷
2(𝑅1 + 𝑅2)

2

𝑅1𝑅2(𝑅𝐷+𝑅1 + 𝑅2)

𝛽𝐴0 =
𝑔𝑚2𝑅𝐷

2(𝑅1 + 𝑅2)𝑅1
𝑅1𝑅2(𝑅𝐷+𝑅1 + 𝑅2)

1 + 𝛽𝐴0 =
𝑅1𝑅2(𝑅𝐷+𝑅1 + 𝑅2) + 𝑔𝑚2𝑅𝐷

2(𝑅1 + 𝑅2)𝑅1
𝑅1𝑅2(𝑅𝐷+𝑅1 + 𝑅2)

𝐴𝑓 =
𝐴0

1+ 𝛽𝐴0
=

𝑔𝑚2𝑅𝐷
2 (𝑅1+𝑅2)

2

𝑅1𝑅2(𝑅𝐷+𝑅1+𝑅2)+𝑔𝑚2𝑅𝐷
2 (𝑅1+𝑅2)𝑅1

≈
𝑅1+𝑅2

𝑅1
= 

1

𝛽
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Example - 3
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Example - 4

𝐼𝑖 =
(𝑅𝐹+𝑅𝑀)𝐼𝑠

𝑅𝐹 + 𝑅𝑀 +
1
𝑔𝑚1
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Example - 5
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Example - 5
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Example - 5
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Thankyou


