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n-MOSFET(D):: (I-V) Equations 
 
Cut off Mode 

Drain current 0=Di  
Gate to Source Voltage TNGS VV <  
Gate to drain Voltage (.) 

 
 
 
Linear Mode 

Linear Drain current 
(VDS < 1V) ( ) DSTNGSnD VVV

L
Wki −⋅






≅  

Triode Drain current ( )[ ]22
DSDSTNGSnD VVVV

L
Wki −−⋅






=  

Gate to Source Voltage TNGS VV >  
Gate to drain Voltage TNGD VV >  

 
 
Saturation Mode 

Drain current ( )2
2
1

TNGSnD VV
L
Wki −⋅






=  

Drain current with λ  ( ) ( )DSTNGSnD VVV
L
Wki ⋅+⋅−⋅






= λ1

2
1 2

Gate to Source Voltage TNGS VV >  
Gate to drain Voltage TNGD VV <  

Linear/Saturation 
Boundary 

Drain to Source Voltage TNGSDS VVV −=  

 
 
 
n-MOSFET(D):: Parameters 
Process parameter [A/V2] oxnn Ck µ=  
Current Gain [A/V2] 







⋅=
L
Wknnβ  

Early Voltage 

AV
1

=λ  

Body Effect Parameter [ V ] oxa CqN /2=γ  
Oxide Capacitance [F/cm2] 

ox

oox
ox t

KC ∈
=  

Threshold Voltage ( )fSBfTOTN VVV φφγ 22 −++=  
Zero Potential Current (VGS = 0) 2

2 TN
n

DSS VI β
≡  

Depletion n-MOSFET Threshold Voltage  VTN < 0 
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n-MOSFET(D):: Small Signal Parameters 
Transconductance [A/V] ( )TNGSnm VVg −⋅= β  
Transconductance [A/V] ( ) Dnm ILWkg ⋅= 2  
Transconductance [A/V] 

TNGS

D
m VV

Ig
−

=
2  

Transconductance of Body [A/V] mmb gg ⋅= χ  
Body effect  ( )SBf V+⋅= φγχ 22  
Gate to Source capacitance [F/cm2] 

oxovoxgs CLWCLWC )()(
3
2

×+×=  

Gate to Drain capacitance [F/cm2] oxovgd CLWC )( ×=  
Source to Body capacitance [F/cm2] 









+

=

o

SB

sbo
sb

V
V

CC

1

 

Drain to Body capacitance [F/cm2] 

o

SB

dbo
db

V
V

CC
+

=

1
 

Maximum operating frequency [Hz] 
( )gdgs

m
T CC

gf
+

=
π2
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n-MOSFET(D):: Input Characteristics 
 VGS VGD 
 
 
 
 
 
Cut off 
Mode 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
Linear 
Mode 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Saturation 
Mode 

 
 
 
 
 
 
 
 
 
 
 
 

 

Enhancement  
n-MOSFET 

Shift all curve to positive Threshold Voltage (VTN > 0) 

 
 
 
 
 
 
 
 
 
 
 
 

VTN VGS

iD 

IDSS

VGS

VTN
VG

iD 

IDSS 

VGD

VTN VGS

iD 

IDSS

VGS

VT
VG

iD 

IDSS 

VGD

VTN VGS

iD 

IDSS

VGS

VTN
VG

iD 
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p-MOSFET(D):: (I-V) Equations 
 
Cut off Mode 

Drain current 0=Di  
Gate to Source Voltage TPGS VV >  
Gate to drain Voltage (.) 

 
 
 
Linear Mode 

Linear Drain current 
(|VDS |< 1V) ( ) DSTPGSpD VVV

L
Wki −⋅






≅  

Triode Drain current ( )[ ]22
DSDSTPGSpD VVVV

L
Wki −−⋅






=  

Gate to Source Voltage TNGS VV <  
Gate to drain Voltage TNGD VV <  

 
 
Saturation Mode 

Drain current ( )2

2
1

TPGSpD VV
L
Wki −⋅






=  

Drain current with λ  ( ) ( )DSTPGSpD VVV
L
Wki ⋅+⋅−⋅






= λ1

2
1 2

Gate to Source Voltage TPGS VV <  
Gate to drain Voltage TPGD VV >  

Linear/Saturation 
Boundary 

Drain to Source Voltage TPGSDS VVV −=  

 
 
p-MOSFET(D):: Parameters 
Process parameter [A/V2] oxpp Ck µ=  
Current Gain 







⋅=
L
Wk ppβ  

Early Voltage 

AV
1

=λ  

Body Effect Parameter 
oxd CqN /2−=γ  

Oxide Capacitance 

ox

oox
ox t

KC ∈
=  

Threshold Voltage ( )fSBfTOTP VVV φφγ 22 −++=  
Zero Potential Current (VGS = 0) 2

2 TP
p

DSS VI
β

≡  

Depletion p-MOSFET Threshold  VTP > 0 
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p-MOSFET(D):: Small Signal Parameters 
Transconductance [A/V] ( )TPGSPm VVg −⋅= β  
Transconductance [A/V] ( ) DPm ILWkg ⋅= 2  
Transconductance [A/V] 

TPGS

D
m VV

Ig
−

=
2

 

Transconductance of Body [A/V] mmb gg ⋅= χ  
Body effect  ( )SBf V+⋅= φγχ 22  
Gate to Source capacitance [F/cm2] 

oxovoxgs CLWCLWC )()(
3
2

×+×=  

Gate to Drain capacitance [F/cm2] oxovgd CLWC )( ×=  
Source to Body capacitance [F/cm2] 









+

=

o

SB

sbo
sb

V
V

CC

1

 

Drain to Body capacitance [F/cm2] 

o

SB

dbo
db

V
V

CC
+

=

1
 

Maximum operating frequency [Hz] 
( )gdgs

m
T CC

gf
+

=
π2
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p-MOSFET(D):: Input Characteristics 
 VGS VGD 
 
 
 
 
 
Cut off 
Mode 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
Linear 
Mode 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Saturation 
Mode 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Enhancement  
p-MOSFET 

Shift all curve to negative Threshold Voltage (VTP < 0) 
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