
EE 434
Lecture 17

Small Signal Models    



Quiz 11
What is the minimum voltage at the drain of the MOS transistor that will 

cause the inversion layer at the interface between the drain and source to 
disappear?     Assume the source is connected to ground and a dc
voltage source of value VGSQ is connected to the gate.



And the number is ….

6
31

24
578

9



And the number is ….

6
31

24
578

9



Quiz 11
What is the minimum voltage at the drain of the MOS transistor that will 

cause the inversion layer at the interface between the drain and source to 
disappear?     Assume the source is connected to ground and a dc
voltage source of value VGSQ is connected to the gate.

Solution:

VDS=VGSQ-VT
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Model Summary
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Note:  This is the third model we have introduced for the MOSFET

Review from Last Time



Modeling of the MOSFET
Goal:  Obtain a mathematical relationship between the 
port variables  of a device. ( )

( )
( ) ⎪

⎭

⎪
⎬

⎫

=
=
=

BSDSGS3B

BSDSGS2G

BSDSGS1D

V,,VVfI
V,,VVfI
V,,VVfI

Review from Last Time
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Small-Signal Model

Goal with small signal model is to predict 
performance of circuit or device in the 
vicinity of an operating point

Operating point is often termed Q-point
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Relationship is nearly linear in a small enough region around Q-point
Region of linearity is often quite large
Linear relationship may be different for different Q-points
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Small-Signal Model
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Device Behaves Linearly in Neighborhood of Q-Point
Can be characterized in terms of a small-signal coordinate system



Small-Signal Model
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Small signal model is that which represents the relationship between the 
small signal voltages and the small signal currents



Small-Signal Model
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Small signal model is that which represents the relationship between the 
small signal voltages and the small signal currents

For small signals, this relationship should be linear



Recall for a function of one variable

Taylor’s Series Expansion about the point x0
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Recall for a function of one variable
)(xfy =

If x-x0 is small
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If we define the small signal variables as

0yy −=y

0xx −=x



Recall for a function of one variable
)(xfy =

If x-x0 is small
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If we define the small signal variables as

0yy −=y

0xx −=x
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Consider now 3 functions each functions of 3 variables
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Consider now 3 functions each functions of 3 variables
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Consider now 3 functions each functions of 3 variables
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Consider now 3 functions each functions of 3 variables
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3132121111 vyyy ++= vvi

This is now a linear relationship between the small 
signal electrical variables



Consider now 3 functions each functions of 3 variables

3132121111 vyyy ++= vvi
Lets now extend this to I2 and I3
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3332321313 vyyy ++= vvi

3132121111 vyyy ++= vvi

This is a small-signal model of a 4-terminal network 
and it is linear
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	Text1: Example of a 5-terminal circuit
	Text2: An equivalent circuit for a 4-terminal network
	Text3: Note this equivalent circuit is not unique 
	Text4: There are actually many equivalent circuits
	Text5: Small-signal model of 3-terminal device
	Text6: The 3-terminal device is often drawn as a "two-port" network
	Text7: Equivalent circuits are not necessary
	Text8: Engineers are adamant about having an "equiv circuit"
	Text9: A small signal equivalent circuit
	Text10: can be developed for this circuit too


