
Chapter 1
Models of bipolar and

MOS devices



1.1. Fundamental relations for the bipolar transistor



1.1.1. Large signal, normal active region



The relation between ic and vBE:
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The Early effect:
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1.1.1. Large signal, normal active region



1.1.2. The small signal models of bipolar transistor at 
normal active region



1.1.2. The small signal models of bipolar transistor at 
normal active region
The small signal model of the bipolar transistor is presented in 

the following figure: 

Transfer conductance:
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Output resistance:
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Resistance rππππ:
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More complete equivalent circuit:
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Example:



1.2. Fundamental relations for MOS transistor



Symbols: Notations:
G = gate
D = drain
S = source
B = bulk

W = channel width
L = channel length
(W/L = aspect ratio)
K’ = transconductance parameter
VT = threshold voltage
VGS = gate-source voltage
VDS = drain-source voltage

1.2.1. Large signal

NMOS PMOS
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1.2.1. Large signal



I. Strong inversion region

a. Saturation

b. Linear region
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II. Weak inversion region
TGS VV <<<<
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Output characteristics of MOS transistor



Second-order effects:
a. Channel-length modulation

b. Mobility degradation

c. Bulk effect
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1.2.2. Small signal model of MOS transistor
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1.2.2. Small signal model of MOS transistor



Example
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High frequency model



1.3. Dynamic resistances



1.3. Dynamic resistances
Resistance view in base

R1 R2 

Q ro rπ 

vBE 

gmvBE

RB 

R2 

R1 

iX 

vX 

B 

E 

C 

(((( )))) 1xxx Ri1riv ++++++++==== ββββππππ

(((( )))) 1
x
x

B R1r
i
vR ++++++++======== ββββππππ



 

R1 R2 

Q 

ro rπ 

vBE 

gmvBE

RE 

R2 R1 

iX 

vX 

B 

E 

C 

1
rRR 1

E ++++
++++====

ββββ
ππππ

Resistance view in emitter



Resistance view in collector
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Resistance view in the gate



Resistance view in source
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Resistance  view in drain
 

R1 R2 

Q 

rds 

vGS 

gmvGS 

RD 

R2 

R1 

iX 

vX 

G D 

S 

(((( )))) 2xdsgsmxx Rirvgiv ++++−−−−====

2xgs Riv −−−−====
(((( )))) (((( ))))2mds22mds

x
x

D Rg1rRRg1r
i
vR ++++≅≅≅≅++++++++========⇒⇒⇒⇒


