
ENEE2360

BZU-ECE

8/8/2021

Instructor: Nasser Ismail

Summer 2020-2021 1

ENEE2360  Analog 

Electronics

1

Instructor : Nasser Ismail

FET Amplifiers

ac small signal analysis



ENEE2360

BZU-ECE

8/8/2021

Instructor: Nasser Ismail

Summer 2020-2021 2

Definition: Transconductance gm
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AC Small Signal Equivalent Circuit

(MODEL Valid for all FET Types)

• In ac

• Or

gsmd

gs

d

m
vgi

v

i
g 

gmrdsVgs

=mVgs

rds

G D

S S

+

-

gmVgs
rds

G D

S S

factorion amplificat -   
dsm

rgm



ENEE2360

BZU-ECE

8/8/2021

Instructor: Nasser Ismail

Summer 2020-2021 4

Common-Source (CS) Fixed-Bias

The input is applied to the gate and 

the output is taken from the drain

There is a 180 phase shift between 

the circuit input and output

To construct ac ss equivalent circuit

1) C1 & C2  are replaced by short

2) VDD=0 V (short)

3) FET ac ss MODEL

rds
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Calculations
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Common-Source (CS) Self-Bias

This is a common-source amplifier 

configuration, so the input is applied 

to the gate and the output is taken 

from the drain.

There is a 180 phase shift 

between input and output.

rds
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Calculations
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Common-Source (CS) Self-Bias

Effect of Rs (ignore rds)

+

-

G

S

D

RD
+

-

RS

gmVgs
RG

Sgsmgsi

SgsmiSggs

ig

Sgsms

Dgsmo

i

o
v

RVgVV

RVgVVVV

VV

RVgV

RVgV

V

V
A













)(

)(

SR  todue reduced isGain 

1 Sm

Dm
v

Sgsmgs

Dgsm

i

o
v

Rg

Rg
A

RVgV

RVg

V

V
A













ENEE2360

BZU-ECE

8/8/2021

Instructor: Nasser Ismail

Summer 2020-2021 9

Common-Source (CS) Self-Bias

Effect of Ri

 
G

iG
Smgsi

Sgsmi

iG

G
Sggs

i

iG

G
g

Sgsms

Dgsmo

i

o
v

R

RR
RgVV

RVgV
RR

R
VVV

V
RR

R
V

RVgV

RVgV

V

V
A


















1

)(

)(

iR  todue more reduced isGain 

1 iG

G

Sm

Dm

i

o
v

RR

R

Rg

Rg

V

V
A






+

-

G

S

D

RD
+

-

RS

gmVgs
RG

Ri



ENEE2360

BZU-ECE

8/8/2021

Instructor: Nasser Ismail

Summer 2020-2021 10

Impedance Reflection

• Consider the following circuit containing ac 

sources v1,v2,v3
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Impedance Reflection
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Example: Phase Splitting circuit

• Two outputs:
 Vo1 from drain

 Vo2 from source
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Solution: ac ss equivalent circuit

Vo1

+

 

RS

AC

Vi

RD

Ri DG

rds
Rth

=R1//R2

Zo1

Zo2

Vo2

-

+

-

drain  thefromseen  are quantities  theseofboth  since

 required iscircuit  equivalentDrain   V, ZFind To 1) O1O1

Vo1

+

 AC

Vi

RD

Ri G

Rth
=R1//R2

Zo1

-

RS(m+1)

D

rds
-

+

 
g

SdsD

D

o
V

RrR

R
V m

m





)1(
1

ith

th

ig
RR

R
VV




 
ith

th

SdsD

D

i

o

RR

R

RrR

R

V

V
Av


 .

)1(

1

m
m



ENEE2360

BZU-ECE

8/8/2021

Instructor: Nasser Ismail

Summer 2020-2021 16
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Solution: continued

source  thefromseen  are quantities  theseofboth  since
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Solution: continued
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Common Gate Amplifier
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Drain Equivalent circuit to find Vo and Zo
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• Drain Equivalent circuit to find Vo and Zo
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• To find Zi source equivalent circuit is needed
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FET Amplifier Design (Important)
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Solution
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Design Example 2 (Important)
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Solution (value of RD?)
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Value of Rs?
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Design Example 3
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Value of Rs?
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Drain Feedback Configuration (self study)
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