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Small Signal Models 
Small Signal Analysis



Small-signal Operation of Nonlinear Circuits

• Small-signal principles

• Example Circuit

• Small-Signal Models

• Small-Signal Analysis of Nonlinear Circuits



Solution for the example was based upon solving the nonlinear circuit 
for VOUT and then linear zing the solution by doing a Taylor’s series 
expansion

• Solution of nonlinear equations very involved with two or more
nonlinear devices

• Taylor’s series linearization can get very tedious if multiple nonlinear 
devices are present 

Standard Approach to small-signal 
analysis of nonlinear networks

1. Solve nonlinear network

2. Linearize solution

1.Linearize nonlinear devices

2. Replace all devices with small-signal
equivalent

3.Solve linear small-signal network

Alternative  Approach to small-signal 
analysis of nonlinear networks

Review from Last Time:



Alternative  Approach to small-signal 
analysis of nonlinear networks

• Must only develop linearized model once for any 
nonlinear device

e.g. once for a MOSFET, once for a JFET, and once for a BJT

Linearized model for nonlinear device termed “small-signal model”

derivation of small-signal model for most nonlinear devices is less complicated than
solving even one simple nonlinear circuit

• Solution of linear network much easier than solution of
nonlinear network

1. Linearize nonlinear devices

2.  Replace all devices with small-signal
equivalent

3.  Solve linear small-signal network

Review from Last Time:



Linearized nonlinear devices
Review from Last Time:



Dc and small-signal equivalent elements

Element ss equivalent dc equivalnet

VDC
VDC

IDC IDC

R R
R

dc Voltage Source

dc Current Source

Resistor

VAC VACac Voltage Source

ac Current Source IAC IAC

Review from Last Time:



Dc and small-signal equivalent elements
Review from Last Time:



Dc and small-signal equivalent elements
Review from Last Time:



How is the small-signal equivalent circuit 
obtained from the nonlinear circuit?

What is the small-signal equivalent of the 
MOSFET and BJT ?

Review from Last Time:
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4-terminal small-signal network summary
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Small signal model:

Review from Last Time:



3-terminal small-signal network summary

Small signal model:
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Small-Signal Model
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A Small Signal  Equivalent Circuit
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2-terminal network summary
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Small Signal Model of MOSFET
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3-terminal device

Large Signal Model

MOSFET is usually operated in saturation region in linear applications 
where a small-signal model is needed so will develop the small-signal 
model in the saturation region

Review from Last Time:



Small Signal Model of MOSFET
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Small Signal Model of MOSFET
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Alternate equivalent expressions:  
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Small signal analysis example

VIN=VMsinωt
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Observe the small signal voltage gain is twice the
Quiescent voltage across R divided by VSS+VT

• This analysis which required linearization of a nonlinear output voltage is quite 
tedious.

• This approach becomes unwieldy for even slightly more complicated circuits

• A much easier approach based upon the development of small signal models 
will provide the same results, provide more insight into both analysis and 
design, and result in a dramatic reduction in computational requirements 

Review from Last Time:



Small signal analysis example

VIN=VMsinωt
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Consider again:
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Small signal analysis example
Consider again:

For λ=0,  gO= λIDQ = 0
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Small signal analysis example
Consider again:

For λ=0,  gO= λIDQ = 0
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Same expression as derived before

More accurate gain can be obtained if
λ effects are included and does not significantly 
increase complexity of small signal analysis



Small Signal Model of BJT

3-terminal device

Usually operated in Forward Active Region 
when small-signal model is needed
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Forward Active Model:



Small Signal Model of BJT
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Small-signal model:
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Small Signal Model of BJT
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Small-signal model:
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Small Signal Model of BJT
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Small-signal Operation of Nonlinear Circuits

• Small-signal principles

• Example Circuit

• Small-Signal Models

• Small-Signal Analysis of Nonlinear Circuits



Recall:

1.  Linearize nonlinear devices
(have small-signal model for key devices!)

2.   Replace all devices with small-signal
equivalent

3.  Solve linear small-signal network

Alternative  Approach to small-signal 
analysis of nonlinear networks
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Example:

Determine the small signal voltage gain AV=VOUT/VIN. Assume M1 and M2
are operating in the saturation region and that λ=0
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Example: Determine the small signal voltage gain AV=VOUT/VIN. Assume M1 and M2
are operating in the saturation region and that λ=0
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Small-signal circuit
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Example: Determine the small signal voltage gain AV=VOUT/VIN. Assume M1 and M2
are operating in the saturation region and that λ=0

VIN
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1 2

Small-signal circuit

Small-signal MOSFET model for λ=0



Example: Determine the small signal voltage gain AV=VOUT/VIN. Assume M1 and M2
are operating in the saturation region and that λ=0

Small-signal circuit

Small-signal circuit 



Example:

Small-signal circuit 

Analysis:

By KCL
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Example:

Small-signal circuit 
Analysis:
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Example:

Small-signal circuit 
Analysis:
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If L1=L2, obtain
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The width and length ratios can be accurately set when designed in a standard  
CMOS process


