
MOSFET ANALYSIS

Zaharah johari 



MOSFET General Relationships

• For all FETs:

• Depletion-Type MOSFETs: 

• For Enhancement-Type MOSFETs:
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MOSFET Parameters

• General relationship to do DC analysis for 
MOSFET

                                     and
• Shockley's equation is applied to relate 

the input and the output quantities of a D-
MOSFET:

• For E-MOSFET the relation is: 
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MOSFET Transconductance
Common-source forward transconductance, gm (mS) 
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FET Parameters
gm can also be determined from the graph.  
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MOSFET Amplifier Biasing

• MOSFET can be used as linear amplifier
• The MOSFET must be biased so that majority 

current carriers flow from source to drain
• Gate to source capacitance is biased such that 

the transistor is operating mid way between 
cut off and saturation region. 



MOSFET BIASING
• Method for D-MOSFET biasing:
    (i) Gate bias (ii) zero bias
    (iii) voltage divider bias (iv) self bias

• Method for E-MOSFET biasing
    (i) Drain feedback bias
    (ii) voltage divider bias



The DC Analysis

                        Approach 

Plotting the transfer characteristics of the device
Plotting the at a point that VGS exceeds the 0V or more positive values
Plotting point when VGS=0V and ID=0A
The intersection between Shockley characteristics and linear 
characteristics defined the Q-point of the MOSFET
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Example1: D-MOSFET-Self Biased

Draw the linear 
characteristics
Draw the transfer 
characteristics
Obtain VGSQ and IDQ from 
the graph intersection
Calculate VDS
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Solution: Mathematical Approach
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Solution: Graphical Approach

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5
VGS(V)

-0.005

0

0.005

0.01

0.015

0.02

0.025

Y
z

ID(A)

Q-POINT



MOSFET
SMALL SIGNAL ANALYSIS



AC Small Signal Model 
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Resistance, rds 
• Can be calculated from the drain-source characteristics 

graph.  
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MOSFET Configuration

• Input signal can be injected to Gate or Source

• Output can be taken from Drain or Source

• Input Output

• – Common-Source (C-S): Gate Drain

• – Common-Gate (C-G): Source Drain
• – Common-Drain (C-D): Gate Source



D-MOSFET COMMON SOURCES

SZi
Zo

gmVgs
RG RD

+

Vi

-

+

Vgs

          -

+

Vo

-

ii ioDG

• Input impedance:        Zi =  RG 
• Output impedance:    Zo =  RD 
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vo(t) and vin(t) versus time for the common-source amplifier. 

INPUT-OUTPUT CHARACTERISTIC



COMMON SOURCE D-MOSFET
WITHOUT BYPASS CAPACITOR 
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AC equivalent circuit when
 RS is not bypassed
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Exercise 1

Calculate Zi, Zo and Av.

Input impedance:        Zi =  RG=10MΩ
Output impedance:    Zo =  RD=1.8kΩ
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D-MOSFET COMMON DRAIN 
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