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MOS Transistor
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Maxwell-Boltzmann Distribution 
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Maxwell-Boltzmann Distribution 

kT

E

kT

EE
ef

enen
−

−
−

== 0

1

1

+

=
−

kT

EE f

e

n

kT

E

kT

EE
hf

epen

−−
−

==− 01



13Analog Circuit Design

Maxwell-Boltzmann Distribution 
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MOS Transistor

N N

Ef



15Analog Circuit Design

MOS Transistor

N N

Ef



16Analog Circuit Design

MOS Transistor – Carrier Density
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Intrinsic Semiconductor
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Gate Voltage
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Gate Voltage - Channel
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Gate Voltage – Valence Band
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Gate Voltage – Conduction Band
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Gate Voltage – Electron Density in Channel
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Electron Density in Channel
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Gate Voltage – Electron Density in Channel
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Charge in depleted Region
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Potential in depleted Region
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Charge in Channel
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Charge in Channel
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strong Inversion

ox

sdepsch

sGB
C

QQ
V

'

'' )()( 


+
+=

i

a
Ts

n

N
U ln22 0 = 

ox

depch

GB
C

QQ
V

'

0

''

0

)2(
2




+
+=

( )THGBoxch VVCQ −= ''

ox

dep

GBTH
C

Q
VV

'

0

'

00

)2(
2)2(


 +==

0

02

GBV

s

chQ '

i

a
T

n

N
U ln0 

T

s

U

a

i
Tsch e

N

n
UCQ




2

2

'' )(=

sardep eNQ  0

' 2=

TU62 0 +



31Analog Circuit Design

Weak Inversion
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Drain Bias
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Drain Bias
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Drain Bias
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Drain Bias

T

THGB

nU

VV

Toxch eUCnQ

−

− '' )1(

( )THGBoxch VVCQ −= ''

ox

dep

GBTH
C

Q
VV

'

0

'

00

)2(
2)2(


 +==

DBV+→ 00 22 

T

DG

U

V

a

i

a

i e
N

n

N

n −

→

22

DBTHTH nVVV +→

( )DBTHGBoxch nVVVCQ −− ''

n
C

C

ox

+
'

0

' )2(
1


T

DB

T

THGB

U

V

nU

VV

Toxch eeUCnQ
−

−

− '' )1(

ox

ar

GBTH
C

eN
VV

'

00

00

22
2)2(


 +==

i

a
T

n

N
U ln0 



36Analog Circuit Design

Drain and Source Bias
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Charge in Channel

( )xTHGSoxch nVVVCQ −− ''

T

x

T

THGS

U

V

nU

VV

Toxch eeUCnQ
−

−

− '' )1(
n

C

VC

ox

SB 
+

+
'

0

' )2(
1



( )

ox

SBar

TH
C

VeN
V

'

00

0

22
2

+
+=




),0( DSx VV 

( )

ox

ar

TH
C

eN
V

'

00

00

22
2


 +=

( )xTHGBoxch nVVVCQ −− 0

''

T

x

T

THGB

U

V

nU

VV

Toxch eeUCnQ
−

−

−

0

'' )1(

),( DBSBx VVV 



38Analog Circuit Design

Gate Bias
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Gate Bias
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Source Bias
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Source Bias
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Drain Bias
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Drain Bias
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Weak Inversion
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Strong Inversion
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Strong Inversion - Drain Current
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Weak Inversion - Drain Current
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Strong- and Weak Inversion
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Weak Inversion
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Strong Inversion
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BSIM - Drain Current
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BSIM - Saturation
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BSIM - Saturation
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Trans-conductance
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BSIM – Early Effekt
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