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Negative Feedback

Negative Feedback

Advantages

1-Stabilizes the gain of the amplifier against parameters 

changes in the active devices due to temperature .  

2- Modifies the input and output impedance in any 

desired fashion.

3- Increases the Bandwidth .

Disadvantages

1- Decreases the gain .

2- Oscillation .
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A
SESi

S 
fb

B

Feedback 

network

So

General Feedback equation

𝑆𝑂 = A𝑆Є

𝑆Є = 𝑆𝑖−𝑆𝑓𝑏

𝐴𝑓 =
𝑆𝑂

𝑆𝑖
= 

𝐴

1+𝐴𝐵

AB ≡ Loop gain

If AB≫ 1

∴ 𝐴𝑓 =
1

𝐵

Negative Feedback

A
SESi

S 
fb

B

Feedback 

network

So

General Feedback equation

Negative Feedback

𝑆Є = 𝑆𝑖−𝑆𝑓𝑏

𝑆Є = 𝑆𝑖−𝐵𝑆𝑂

𝑆Є = 𝑆𝑖 − 𝐵
𝐴

1+𝐴𝐵
𝑆𝑖

𝑆Є = 𝑆𝑖(1-
𝐴𝐵

1+𝐴𝐵
)

If AB≫ 1

𝑆Є ≈ 𝑆𝑖(1-
𝐴𝐵

𝐴𝐵
) ≈ 0
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Negative Feedback

𝒍𝒆𝒕 𝑨 = 𝟏𝟎, 𝟎𝟎𝟎

𝑩 = 𝟎. 𝟎𝟏

∴ 𝑨𝑩 = 𝟏𝟎𝟎

𝑨𝒇 =
𝑨

𝟏 + 𝑨𝑩
= 𝟗𝟗

𝒍𝒆𝒕 𝑨 = 𝟗𝟎𝟎𝟎

𝑩 = 𝟎. 𝟎𝟏

∴ 𝑨𝑩 = 𝟗𝟎

𝑨𝒇 =
𝑨

𝟏 + 𝑨𝑩
= 𝟗𝟖. 𝟗

Change in A       →     change in 𝑨𝒇

10%                    →         0.1%

Gain stabilization 

A
SESi

S 
fb

B

Feedback 

network

So

Negative Feedback

In high frequency 

𝑨 𝒋𝒘 =
𝑨𝒎

𝟏 +
𝒋𝒘
𝒘𝟐

∴ 𝒘𝑯 = 𝒘𝟐

Increasing  the Bandwidth.

With Negative Feedback 

𝑨𝒇 𝒋𝒘 =
𝑨𝒎

𝟏 + 𝑨𝒎𝑩
=

𝟏

𝟏 +
𝒋𝒘

𝒘𝟐 𝟏 + 𝑨𝒎𝑩

∴ 𝒘𝑯 = 𝒘𝟐 𝟏 + 𝑨𝒎𝑩
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Negative Feedback
Types Of Negative Feedback

1) Series – Shunt Feedback

Ri

BVo

Ro
AVe

+
Ve
-

+
Vfb

-

ii

+

Vi

-
+

Vo
-

Basic Amplifier

+
Vo
-

Feedback
 Network

𝑽𝒐 = 𝑨𝑽𝒆

𝑽𝒆 = 𝑽𝒊 − 𝑽𝒇𝒃

𝑽𝒇𝒃 = 𝑩𝑽𝒐

∴
𝑽𝒐

𝑽𝒊
=

𝑨

𝟏 + 𝑨𝑩
= 𝑨𝒇

𝒁𝒊𝒇 =
𝒗𝒊

𝒊𝒊
𝑽𝒊 = 𝑽𝒆 + 𝑽𝒇𝒃
= 𝑹𝒊 𝒊𝒊 + 𝑩𝑽𝟎
= 𝑹𝒊 𝒊𝒊 + 𝑩𝑨𝑽𝒆

= 𝑹𝒊 𝒊𝒊 + 𝑩 𝑨 𝑹𝒊 𝒊𝒊 ∴ 𝒁𝒊𝒇 =
𝑽𝒊

𝒊𝒊
= 𝑹𝒊 𝟏 + 𝑨𝑩

Si = Vi, So = Vo

A
SESi

S 
fb

B

Feedback 

network

So

Negative Feedback1) Series – Shunt Feedback

BVx

VxAVe
Ri

Ro+
Ve
-

ix

+
Vx
-

𝒊𝒙 =
𝑽𝒙 − 𝑨𝑽𝒆

𝑹𝒐

𝑽𝒆 = −𝑩𝑽𝒙

Series  Feedback at the input always raises the input impedance by (1+AB)

shunt Feedback at the output always lowers the output impedance by 

(1+AB)

𝒊𝒙 =
𝑽𝒙 + 𝑨𝑩𝑽𝒙

𝑹𝒐

∴
𝑽𝒙

𝑰𝒙
=

𝑹𝒐

𝟏 + 𝑨𝑩

𝒁𝒐𝒇 =  
𝑽𝒙

𝒊𝒙
𝒗𝒊 = 𝟎
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Negative Feedback

1) Series – Shunt Feedback

Equivalent ckt of Series - shunt amplifier

𝒁𝒊𝒇 = (1+AB) 𝑹𝒊

𝒁𝒐𝒇 =
𝑹𝒐

𝟏 + 𝑨𝑩

𝑨𝒇 =
𝑨

𝟏 + 𝑨𝑩
=

𝑽𝒐

𝑽𝒊

Zof

Zif Af.vi

+
Vo
-

+
Vi
-

Negative Feedback1) Series – Shunt Feedback

Equivalent ckt of Series _shunt amplifier

If A    →   ∞   ;  

𝒁𝒊𝒇 = ∞ ; 

𝒁𝒐𝒇 = 𝟎 ; 

𝑨𝒇 =
𝟏

𝑩

Zof

Zif Af.vi

+
Vo
-

+
Vi
-

𝒁𝒊𝒇 = (1+AB) 𝑹𝒊

𝒁𝒐𝒇 =
𝑹𝒐

𝟏 + 𝑨𝑩

𝑨𝒇 =
𝑨

𝟏 + 𝑨𝑩
=

𝑽𝒐

𝑽𝒊
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Negative Feedback

1) Series – Shunt Feedback

Equivalent ckt of Series _shunt amplifier

If we have 𝑹𝒔 and  𝑹𝑳

𝑽𝒐 =
𝟏

𝑩
𝑽𝒊

𝑽𝒊 = 𝑽𝒔

∴
𝑽𝒐

𝑽𝒔
=

𝟏

𝑩

Vi
1

𝐵
Vi

+

-

Vo

+

-

Negative Feedback
2) Shunt - Shunt Feedback

AieRi

Ro
+
Vi
-

+
Vo
-

+
Vo
-ii

B.Vo

ie

ifb

𝑽𝒐 = 𝑨𝒊𝒆

𝒊𝒆 = 𝒊𝒊 − 𝒊𝒇𝒃

𝒊𝒇𝒃 = 𝑩𝑽𝒐

𝑽𝒐 = 𝑨 𝒊𝒊 − 𝑩𝑽𝒐

∴
𝑽𝒐

𝒊𝒊
= 𝑨𝒇 =

𝑨

𝟏 + 𝑨𝑩

AB is dimensionless

A
SESi

S 
fb

B

Feedback 

network

So

Si = ii   , So = Vo

𝑩 =
𝒊𝒇𝒃

𝑽𝒐

𝑨 =
𝑽𝒐

𝒊𝒆
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Negative Feedback2) Shunt - Shunt Feedback

The input impedance

𝒁𝒊𝒇 =
𝑽𝒊

𝒊𝒊

𝑽𝒊 = 𝑹𝒊 𝒊𝒆

𝒊𝒆 = 𝒊𝒊 − 𝒊𝒇𝒃

𝒊𝒇𝒃 = 𝑩𝑽𝒐

𝑽𝒐 =
𝑨

𝟏 + 𝑨𝑩
𝒊𝒊

∴ 𝒁𝒊𝒇 =
𝑹𝒊

𝟏 + 𝑨𝑩

AieRi

Ro
+
Vi
-

+
Vo
-

+
Vo
-ii

B.Vo

ie

ifb

 The output impedance

 it is easy to show 

 𝒁𝒐𝒇 =
𝑹𝒐

𝟏+𝑨𝑩

 using :

 𝒁𝒐𝒇 =  
𝑽𝒕

𝒊𝒕
𝒊𝒊 = 𝟎

AieRi

Ro
+
Vi
-

+
Vo
-

+
Vo
-ii

B.Vo

ie

ifb
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Negative Feedback

2) Shunt - Shunt Feedback

Equivalent ckt of Shunt _Shunt amplifier

Ro/(1+AB)

Ri/(1+AB) A/(1+AB) ii

+
Vo
-

+
Vi
-

ii

1/(B) ii

+
Vo
-

ii

If A    →   ∞   ;  

𝒁𝒊𝒇 = 0 ; 

𝒁𝒐𝒇 = 𝟎 ; 

𝑨𝒇 =
𝟏

𝑩

𝒁𝒊𝒇 =
𝑹𝒊

𝟏 + 𝑨𝑩

𝒁𝒐𝒇 =
𝑹𝒐

𝟏 + 𝑨𝑩

𝑨𝒇 =
𝑨

𝟏 + 𝑨𝑩

Negative Feedback

2) Shunt - Shunt Feedback

Equivalent ckt of Shunt _Shunt amplifier

Ro/(1+AB)

Ri/(1+AB) A/(1+AB) ii

+
Vo
-

+
Vi
-

ii

If we have 𝑹𝒔 and  𝑹𝑳

1/(B) ii

ii

RLRsis

𝑽𝒐 =
𝟏

𝑩
𝒊𝒊

𝒊𝒊 =  𝒊𝒔
𝑽𝒐

𝒊𝒔
=

𝟏

𝑩
Vo

+

-

Uploaded By: anonymousSTUDENTS-HUB.com



ENEE3304 
ELECTRONICS2

1/13/2017

Instructor :Mohammad AL-Jubeh
ENEC
BZU 9

Negative Feedback
3) Shunt - Series Feedback

Ri
+
Vi
-

ii

B.io

ie

ifb

Ro

ZL

io

𝒊𝒐 = 𝑨𝒊𝒆
𝑹𝒐

𝑹𝒐 + 𝒁𝒍

𝒊𝒇 𝒁𝒍 ≪ 𝑹𝒐

𝒊𝒐 = 𝑨 𝒊𝒆

𝒊𝒆 = 𝒊𝒊 − 𝒊𝒇𝒃

𝒊𝒇𝒃 = 𝑩 𝒊𝒐

∴
𝒊𝒐

𝒊𝒊
= 𝑨𝒇 =

𝑨

𝟏 + 𝑨𝑩

𝒁𝒊𝒇 =
𝑹𝒊

𝟏 + 𝑨𝑩

𝒁𝒐𝒇 = 𝑹𝒐 𝟏 + 𝑨𝑩

A
SESi

S 
fb

B

Feedback 

network

So

Si = ii  , So = io io

io

𝑨𝒊𝒆

Negative Feedback

4) Series - Series Feedback

Ri

Bio

A
ve Ro

ZL

io

𝒊𝒇 𝒁𝒍 ≪ 𝑹𝒐

𝒊𝒐

𝑽𝒊
= 𝑨𝒇 =

𝑨

𝟏 + 𝑨𝑩

𝒁𝒊𝒇 = 𝑹𝒊 𝟏 + 𝑨𝑩

𝒁𝒐𝒇 = 𝑹𝒐(𝟏 + 𝑨𝑩)

Ve

+

-

Vi

+

-

A
SESi

S 
fb

B

Feedback 

network

So

Si = Vi  , So  = io

io
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Negative Feedback

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

is Y y11a

y11f

y22a YL

y22f

+
Vi
-

y12a.vo

y21a.vi

+
VO

-

y21f.vi
y12f.vo

Feedback 
Network

Basic 
Amplifier

Si = is

So = Vo

𝑨𝒇 =
𝑽𝒐

𝒊𝒔
=

𝑨

𝟏 + 𝑨𝑩

𝒀𝟏𝟐 𝒂 ≪ 𝒀𝟏𝟐 𝒇

𝒀𝟐𝟏 𝒂 ≫ 𝒀𝟐𝟏 𝒇

1) Shunt - Shunt Feedback

New basic amplifier = 

basic amplifier + loading 

𝒀𝟏𝟏 = 𝒚𝟏𝟏 𝒂 + 𝒚𝟏𝟏𝒇 + 𝒀
𝒀𝟐𝟐 = 𝒚𝟐𝟐 𝒂 + 𝒚𝟐𝟐𝒇 + 𝒀𝒍

∴ 𝒚𝟏𝟐 𝒇 = 𝑩

is Y11 y22
y21a.vi

+
VO

-

+
Vi
-

y12f.vo
+

VO
-

is Y y11a

y11f

y22a YL

y22f

+
Vi
-

y12a.vo

y21a.vi

+
VO

-

y21f.vi
y12f.vo

Feedback 
Network

Basic 
Amplifier

New basic amplifier
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Negative Feedback

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

Example:

Basic Amplifier 0.1k1k

RF

100k

is

+
VO

-

Negative Feedback

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

Example:

1kis

RF

100k

1k

4
0

.i
b

1

1k

5
0

.i
b

2

1k

5
0

.i
b

3

100k 0.1k

Vo

ib1 ib2
ib3

Basic amplifier

Feedback network

Current source
Load
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1) Shunt - Shunt Feedback

1k

Is
’ 1/y11f 1k

4
0

.i
b

1

1k

5
0

.i
b

2

1k 1/y22f

Vo

5
0

.i
b

3

100k||0.1k

New Basic Amplifier: 𝑨 =
𝑽𝒐

 𝒊𝒔

ib1 ib2 ib3

Negative Feedback

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

The Feedback network

RF +
V2
-

+
V1
-

i1 i2

𝒚𝟏𝟏 =
𝟏

𝑹𝑭
=

𝟏

𝟏𝟎𝟎𝒌

𝒚𝟐𝟐 =
𝟏

𝑹𝑭
=

𝟏

𝟏𝟎𝟎𝒌

𝒚𝟏𝟐 =
−𝟏

𝑹𝑭
=

−𝟏

𝟏𝟎𝟎𝒌

𝑩 = 𝒚𝟏𝟐 𝒇
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Negative Feedback
1) Shunt - Shunt Feedback

To calculate A : New basic amplifier

𝑽𝟎 = −𝟓𝟎𝒊𝒃𝟑 𝟏𝟎𝟎𝒌 𝟎. 𝟏𝑲
𝟏

𝒚𝟐𝟐 𝒇

𝒊𝒃𝟑 = −𝟓𝟎𝒊𝒃𝟐
𝒊𝒃𝟏 = 𝒊𝒔

𝟏𝑲||
𝟏

𝒚𝟏𝟏 𝒇

𝟏𝒌||
𝟏

𝒚𝟏𝟏 𝒇
+ 𝟏𝒌

𝒊𝒃𝟐 = −𝟒𝟎𝒊𝒃𝟏

𝑨 =
𝑽𝒐

 𝒊𝒔

 ∴ 𝑨 = −𝟒𝟗𝟔𝟓 𝒌 Ω

 𝑩 = −𝟎. 𝟎𝟏 𝒎Ʊ

 𝑨𝑩 = 𝟒𝟗. 𝟔𝟓

 𝑨𝒇 =
𝑽𝒐

𝒊𝒔
=

𝑨

𝟏+𝑨𝑩
= −𝟗𝟖𝑲 Ω



𝟏

𝑩
= −𝟏𝟎𝟎𝒌Ω
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Negative Feedback

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

Example: Inverting Amplifier

Vs

Rs

RF

Rl

+

Vo

-

-
+

𝑹𝒔 = 𝟏𝟎𝟎𝒌Ω
𝑹𝒇 = 𝟏𝑴Ω
𝑹𝒍 = 𝟏𝟎𝒌Ω
𝑹𝒐 = 𝟕𝟓 Ω
𝑹𝒊 = 𝟐 𝑴 Ω

𝑨𝒅 = 𝟐𝟎𝟎, 𝟎𝟎𝟎

Ro

Negative Feedback

Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

The Feed-Back Network:

RF +
V2
-

+
V1
-

i1 i2
𝒚𝟏𝟏 𝒇 =

𝟏

𝑹𝑭
;

𝒚𝟐𝟐 𝒇 =
𝟏

𝑹𝑭

𝒚𝟏𝟐𝐟 = −
𝟏

𝑹𝑭
= β
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Practical configuration and the effect of loading

1) Shunt - Shunt Feedback

New Basic Amplifier : 𝑨 =
𝑽𝒐

 𝒊𝒔

𝑽𝟎 =
𝑹𝒍||

𝟏
𝒚𝟐𝟐 𝒇

𝑹𝒍||
𝟏

𝒚𝟐𝟐 𝒇
+ 𝑹𝒐

𝑨𝒅𝑽𝒅

𝑽𝒅 = −𝒊𝒔′(𝑹𝒔||
𝟏

𝒚𝟏𝟏 𝒇
||𝑹𝒊)

𝑨 =
𝑽𝒐

 𝒊𝒔
= −𝟏. 𝟕𝟐𝟔 × 𝟏𝟎𝟏𝟎

Rs

Is
’ 1/y11f Ri 1/y22f

Vo

RL
-

Vd
+

Ad.Vd

Ro

𝑻𝒐 𝒇𝒊𝒏𝒅 𝑨𝒗 =
𝑽𝒐

𝑽𝒔

𝑩 =
−𝟏

𝑹𝑭
= −𝟏 × 𝟏𝟎−𝟔

𝑨𝑩 = 𝟏𝟕𝟐𝟔𝟎

𝑨𝒇 =
𝑽𝒐

𝒊𝒔
=

𝑨

𝟏 + 𝑨𝑩
= −𝟗𝟗𝟗. 𝟗𝟒𝒌 Ω

𝑽𝒐

𝑽𝒔
=

𝑽𝒐

𝒊𝒔
.
𝒊𝒔

𝑽𝒔
= 𝑨𝒇 .

𝟏

𝑹𝒔

𝑨𝒗 = −𝟗. 𝟗𝟗𝟗𝟒

If the Op.amp is ideal 

Av = -
𝑅𝐹

𝑅𝑆
=  -10
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Negative Feedback

Practical configuration and the effect of loading

2) Series - Shunt Feedback

h12f.vo

h11a

Vs

Zs

h12a.vo

h11f

h22a YL

h22f

h21a.ii

+
VO

-

h21f.ii

ii

𝑽𝟏 = 𝒉𝟏𝟏𝒊𝟏 + 𝒉𝟏𝟐𝑽𝟐

𝒊𝟐 = 𝒉𝟐𝟏𝒊𝟏 + 𝒉𝟐𝟐𝑽𝟐

𝒉𝟏𝟐𝒂 ≪ 𝒉𝟏𝟐𝒇 ;

𝒉𝟐𝟏𝒂 ≫ 𝒉𝟐𝟏𝒇 ;

2) Series - Shunt Feedback

h12f.vo

h11

Vs

h22h21a.ii

+
VO

-

ii

+
VO

-

𝑩 = 𝒉𝟏𝟐𝒇 ;

𝑨𝒇 =
𝑽𝒐

𝑽𝒔
=

𝑨

𝟏 + 𝑨𝑩

h12f.vo

h11a

Vs

Zs

h12a.vo

h11f

h22a YL

h22f

h21a.ii

+
VO

-

h21f.ii

ii

The new basic amplifier
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Negative Feedback

Practical configuration and the effect of loading

2) Series - Shunt Feedback

Example:

vs

Q1

5k 5k

-VEE

Vcc+

Q2

I

Q3

20K

0.51K 10K 2K

Vo

-VEE

4.2K

0.5K

Basic Amplifier

Feedback Network

Negative Feedback

Practical configuration and the effect of loading

2) Series - Shunt Feedback

Example:
The Feed-Back Network:

RF

20K

0.51K

+
V1
-

+
V2
-

i1 i2

𝒉𝟏𝟏𝒇 = 𝟎. 𝟓𝟏||𝟐𝟎𝒌

𝒉𝟐𝟐𝒇 =
𝟏

𝟐𝟎𝒌 + 𝟎. 𝟓𝟏𝒌

𝒉𝟏𝟐𝒇 =
𝟎. 𝟓𝟏𝒌

𝟎. 𝟓𝟏𝒌 + 𝟐𝟎𝒌
= 𝑩
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Practical configuration and the effect of loading

2) Series - Shunt Feedback

New Basic Amplifier :  𝑨 =
𝑽𝒐

 𝑽𝒔

Vs’

0.5k hie1 hie2

Ro(1+hfe)

ib1

ib2

h11f

GND3

ib3

h
fe

.ib
1

5k hie3

1/h22f
10k||2k

h
fe

.ib
3

Vo

𝒉𝒇𝒆 = 𝟏𝟎𝟎 , 𝒉𝒊𝒆 = 𝟑𝒌

vs

Q1

5k 5k

-VEE

Vcc+

Q2

I

Q3

20K

0.51K 10K 2K

Vo

-VEE

4.2K

0.5K

Feedback

network

Negative Feedback

Practical configuration and the effect of loading

2) Series - Shunt Feedback

Differential Mode Analysis:

𝑽𝒐 = 𝒉𝒇𝒆 𝒊𝒃𝟑
𝟏

𝒉𝟐𝟐𝒇
𝟏𝟎𝒌 𝟐𝒌

𝒊𝒃𝟑 = 𝒉𝒇𝒆 𝒊𝒃𝟏
𝟓𝒌

𝟓𝒌 + 𝟑𝒌

𝒊𝒃𝟏 = −𝒊𝒃𝟐

𝒊𝒃𝟏 =
 𝑽𝒔

𝟎. 𝟓𝒌 + 𝒉𝒊𝒆𝟏 + 𝒉𝒊𝒆𝟐 + 𝒉𝟏𝟏𝒇

Vs’

0.5k hie1 hie2

Ro(1+hfe)

ib1

ib2

h11f

GND3

ib3

h
fe

.ib
1

5k hie3

1/h22f
10k||2k

h
fe

.ib
3

Vo

Uploaded By: anonymousSTUDENTS-HUB.com



ENEE3304 
ELECTRONICS2

1/13/2017

Instructor :Mohammad AL-Jubeh
ENEC
BZU 19

𝑨 =
𝑽𝒐

 𝑽𝒔
= 𝟏𝟑𝟕𝟗

𝑨𝑩 = 𝟑𝟒. 𝟑

𝑨𝒇 =
𝑽𝒐

𝑽𝒔
=

𝑨

𝟏+𝑨𝑩
= 𝟑𝟗



𝟏

𝑩
= 𝟒𝟎. 𝟐

100k

10k

+

Vo

-

-
+1k

vs

Zo

Zi

2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

For op amp

𝑹𝒊 = 300k
𝑹𝑶= 75 ohm

𝑨𝒅 =20000

RF

RL

RiVs Ad.vd

Vo

+
Vd
-

Ri

Ro

100k

10k

= 75Ω

300K

Rs

1k
Feedback network
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Negative Feedback

Practical configuration and the effect of loading

2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

The Feed-Back Network:

RF

100K

1K

+
V1
-

+
V2
-

i1 i2

𝒉𝟏𝟏𝒇 = 𝟏𝟎𝟎𝒌||𝟏𝒌

𝒉𝟐𝟐𝒇 =
𝟏

𝟏𝒌 + 𝟏𝟎𝟎𝒌

𝒉𝟏𝟐𝒇 =
𝟏

𝟏𝒌 + 𝟏𝟎𝟎𝒌
= 𝑩

Ro = 75Ω

Feedback network

2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

New Basic Amplifier :

Vs’

h11f

10k
300k

20000vd

75

1/h22f

Vo

𝑨 =
𝑽𝒐

 𝑽𝒔

𝑽𝒐 =
𝟏𝟎𝒌 ||

𝟏
𝒉𝟐𝟐𝒇

)(𝟐𝟎𝟎𝟎𝟎 𝑽𝒅

 𝟏𝟎𝒌|
𝟏

𝒉𝟐𝟐𝒇
+ 𝟕𝟓

𝑽𝒅 =
𝟑𝟎𝟎𝒌

𝟑𝟎𝟎𝒌 + 𝒉𝟏𝟏𝒇
𝑽𝒔

𝑨 = 𝟏𝟗𝟕𝟕𝟏

𝑨𝑩 = 𝟏𝟗𝟓. 𝟕𝟓

Vd

+

-

Ro = 75Ω

Feedback network
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 𝑨𝒇 =
𝑽𝒐

𝑽𝒔
=

𝑨

𝟏+𝑨𝑩
= 𝟏𝟎𝟎. 𝟒𝟖𝟕



𝟏

𝑩
= 𝟏𝟎𝟏

𝒁𝒊𝒇 = 𝑹𝒊 𝟏 + 𝑨𝑩 ;

Vs’

h11f

10k
300k

20000vd

75

1/h22f

Vo

Vd

+

-

If the op amp is ideal ⸫ Av = (1+Rf/Rs) =101

𝑹𝒊 = 𝟑𝟎𝟎𝒌 + 𝒉𝟏𝟏𝒇

∴ 𝒁𝒊𝒇 = 𝟓𝟗. 𝟐𝟐𝟏𝑴 Ω

Negative Feedback
2) Series - Shunt Feedback

Example: Non-Inverting Amplifier

𝒁𝒐𝒇 =
𝑹𝒐

𝟏 + 𝑨𝑩

𝑹𝒐 = 𝟏𝟎𝒌 𝟏𝟎𝟏𝒌 𝟕𝟓

𝑹𝒐 = 𝟕𝟒. 𝟒 Ω
∴ 𝒁𝒐𝒇 = 𝟎. 𝟑𝟕𝟕 Ω

𝒁𝒐𝒇 = 𝒁𝒐||𝟏𝟎𝒌

∴ 𝒁𝒐 = 𝟎. 𝟑𝟕𝟖 Ω

Vs’

h11f

10k
300k

20000vd

75

1/h22f

Vo

New Basic Amplifier 
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Negative Feedback

Practical configuration and the effect of loading

3) Shunt - Series Feedback

is Ys g11a

g11f

+
Vi
-

g12a.io

g12f.io

g21.vi

g22a

g21a.vi

g22f

io

ZL

𝒊𝟏 = 𝒈𝟏𝟏𝑽𝟏 + 𝒈𝟏𝟐𝒊𝟐

𝑽𝟐 = 𝒈𝟐𝟏𝑽𝟏 + 𝒈𝟐𝟐𝒊𝟐

𝒈𝟏𝟐𝒇 ≫ 𝒈𝟏𝟐𝒂 ;

𝒈𝟐𝟏𝒂 ≫ 𝒈𝟐𝟏𝒇

3) Shunt - Series Feedback

g11

ii

g12f.io

g22

io

g21.vi

is Ys g11a

g11f

+
Vi
-

g12a.io

g12f.io

g21.vi

g22a

g21a.vi

g22f

io

ZL The new basic amplifier
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Negative Feedback

3) Shunt - Series Feedback

Example:

𝑹𝟏||𝑹𝟐 = 𝟐𝟒𝒌

𝒉𝒇𝒆 = 𝟓𝟎

𝒉𝒊𝒆𝟏 = 𝟏. 𝟑𝒌 ;

𝒉𝒊𝒆𝟐 = 𝟏𝒌

Feedback 

Network

5k 4.7k

0.4k

C

VCC+

Is
(t

)
R1

R2

33k 20k

22k

0.18k

10k

Q2

Q1

Vo(t)

Negative Feedback

Practical configuration and the effect of loading

3) Shunt - Series Feedback

Example:
The Feed-Back Network:

RF

22K

0.18K

+
V1
-

+
V2
-

i1 i2

𝒈𝟏𝟏𝒇 =
𝟏

𝟐𝟐𝒌 + 𝟎. 𝟏𝟖𝒌

𝒈𝟐𝟐𝒇 = 𝟐𝟐𝒌||𝟎. 𝟏𝟖𝒌

𝒈𝟏𝟐𝒇 = −
𝟎. 𝟏𝟖𝒌

𝟎. 𝟏𝟖𝒌 + 𝟐𝟐𝒌
= 𝑩
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3) Shunt - Series Feedback

Example:

New Basic Amplifier :

5k 4.7k

0.4k

C

VCC+

Is
(t

)

R1

R2

33k 20k

22k

0.18k

10k

Q2

Q1

5k

is
’ 1/g11f

R1||R2

hie1

h
fe

.i
b

1 hie2

Vo

h
fe

.i
b

2

20k||0.4k

ib1

33k

g22f

ib2

io

The feedback network

Negative Feedback

Practical configuration and the effect of loading

3) Shunt - Series Feedback

Example:

𝑨 =
𝒊𝒐

𝒊𝒔′

𝒊𝒐 = 𝟏 + 𝒉𝒇𝒆 𝒊𝒃𝟐

𝑨 = −𝟏𝟒𝟐𝟗

𝑨𝑩 = 𝟏𝟏. 𝟓

𝑨𝒇 =
𝒊𝒐

𝒊𝒔
=

𝑨

𝟏 + 𝑨𝑩
= −𝟏𝟏𝟑. 𝟒𝟓

𝒊𝒃𝟐 = −𝒉𝒇𝒆 𝒊𝒃𝟏
𝟑𝟑𝒌

𝟑𝟑𝒌 + 𝒉𝒊𝒆𝟐 + 𝒈𝟐𝟐𝒇 𝟏 + 𝒉𝒇𝒆

𝒊𝒃𝟏 = 𝒊𝒔′
𝟓𝒌 ||

𝟏
𝒈𝟏𝟏𝒇

|| 𝑹𝟏||𝑹𝟐

𝟓𝒌 ||
𝟏

𝒈𝟏𝟏𝒇
|| 𝑹𝟏||𝑹𝟐 + 𝒉𝒊𝒆𝟏

5k

is
’ 1/g11f

R1||R2

hie1

h
fe

.i
b

1 hie2

Vo
h

fe
.i

b
2

20k||0.4k

ib1

33k

g22f

ib2

io
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Negative Feedback

Practical configuration and the effect of loading

4) Series - Series Feedback

z21f.ii

z22a

z21a.ii

z22f

io

ZL

z12f.io

z11a

Vs

Zs

z12a.io

z11f

ii

𝑽𝟏 = 𝒁𝟏𝟏 𝒊𝟏 + 𝒁𝟏𝟐 𝒊𝟐

𝑽𝟐 = 𝒁𝟐𝟏 𝒊𝟏 + 𝒁𝟐𝟐 𝒊𝟐

𝒁𝟏𝟐𝒇 ≫ 𝒁𝟏𝟐𝒂

𝒁𝟐𝟏𝒂 ≫ 𝒁𝟐𝟏𝒇

4) Series - Series Feedback

z22

io

z21a.ii

z12f.io

z11

Vs

ii

Z12f= B

𝒁𝟏𝟐𝒇 = 𝑩

z21f.ii

z22a

z21a.ii

z22f

io

ZL

z12f.io

z11a

Vs

Zs

z12a.io

z11f

ii The new basic amplifier
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Negative Feedback

Practical configuration and the effect of loading

4) Series - Series Feedback

Example:

RE
RL

C

R1

R2

RC

vs

Rs

VCC+

𝑹𝒔 = 𝟎. 𝟔𝒌 , , 𝑹𝒄||𝑹𝒍 = 𝟐𝒌
𝑹𝒆 = 𝟎. 𝟐𝒌 , , 𝑹𝟏||𝑹𝟐 = 𝟓𝟎𝒌

𝒉𝒊𝒆 = 𝟏𝒌 , , 𝒉𝒇𝒆 = 𝟏𝟎𝟎

R1||R2
hie3

RC||RL

h
fe

.ib

Vo

Vs

Rs

RE

Ac small signal equivalent circuit

ib

Vo(t)

Negative Feedback

The Feed-Back Network:

RE

+
V1
-

+
V2
-

i1 i2

𝒁𝟏𝟏𝒇 = 𝑹𝒆
𝒁𝟐𝟐𝒇 = 𝑹𝒆

𝒁𝟏𝟐𝒇 = 𝑹𝒆 = 𝑩

R1||R2

hie3 RC||RL

h
fe

.ib

Vo

Vs

Rs

RE

ib

Feedback network

R1||R2
hie3

RC||RL

h
fe

.ib

Vo

Vs

Rs

RE

ib
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R1||R2

hie3 RC||RL

h
fe

.ib

Vo

Vs

Rs

RE

ib

The new basic amplifier

Vs R1||R2

hie

Z11f
Z22f

Rc||RL

Rs

h
fe

.ib

ib

4) Series - Series Feedback

New Basic Amplifier :
𝑨 =

𝒊𝒐

𝑽𝒔′

𝒊𝒐 = 𝒉𝒇𝒆 𝒊𝒃

𝒊𝒃 = 𝒊𝒊
𝑹𝟏||𝑹𝟐

𝑹𝟏||𝑹𝟐 + 𝒉𝒊𝒆 + 𝒁𝟏𝟏𝒇

𝒊𝒊 =
 𝑽𝒔

𝑹𝑺 + 𝑹𝟏 𝑹𝟐 𝒉𝒊𝒆 + 𝒁𝟏𝟏𝒇

𝑨𝒗 =
𝑽𝒐

𝑽𝒔
=

𝒊𝒐

𝑽𝒔
.
𝑽𝒐

𝒊𝒐
= − 𝑨𝒇. (𝑹𝒍||𝑹𝒄)

𝑨𝒗 = −𝟗. 𝟏𝟖

𝑨𝒇 =
𝒊𝒐

𝑽𝒔
=

𝑨

𝟏 + 𝑨𝑩
= 𝟒. 𝟓𝟗

𝑨 = 𝟓𝟔. 𝟒

𝑨𝑩 = 𝟏𝟏. 𝟐𝟗

Vs R1||R2

hie

Z11f
Z22f

Rc||RL

Rs

h
fe

.ib

ib

io

ii
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