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18-322 Lecture 4

MOSFET & SPICE Models
Outline

• MOSFET Structure
• MOSFET Operation
• I-V Characteristic
• SPICE Model:

– Diode
– MOSFET

This lecture covers Sections 3.2 & 3.3 of your textbook
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MOSFET STRUCTURE
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Enhancement NMOS FET
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VS=0V VG=0.5V VD=0V
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VS=0V VG=1V VD=0V

Assume: 
VT=0.75V
Threshold voltage

VGS > VT
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VS=0V VG=1V VD=0.15V

Condition for inversion layer existence: VGS-V(y) > VT

Inversion layer exists in entire channel

VGS-V(y)

L

VT

1V
0.85V
0.75V

yy

average value

L

V(y)

VDS



7

18-322 Lecture 4

y

x

VS=0V VG=1V VD=0.25V

VDS = VGS -VT
V(y)

L

VDS = VGS -VT

y
Saturation Condition
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Inversion layer 
disappears here 
(@y=L)
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VS=0V VG=1V VD=0.35V
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Device equations (NMOS)

Non-Saturation: TGSDSTGS VVVVV −≤> &
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Threshold Voltage
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MOSFET IV CHARACTERISTICS
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SPICE Model for p-n Diode
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SPICE MOSFET Model
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NMOS SPICE Model

.MODEL nfet NMOS LEVEL=3 PHI=0.600000 TOX=2.1200E-08 

+ XJ=0.200000U TPG=1 VTO=0.7860 DELTA=6.9670E-01

+ LD=1.6470E-07 KP=9.6379E-05 UO=591.7 THETA=8.1220E-02

+ RSH=8.5450E+01 GAMMA=0.5863 NSUB=1.6160E+16 

+ NFS=5.0000E+12 VMAX=2.0820E+05 ETA=7.0660E-02

+ KAPPA=1.3960E-01 CGDO=4.0241E-10 CGSO=4.0241E-10

+ CGBO=3.6144E-10 CJ=3.8541E-04 MJ=1.1854

+ CJSW=1.3940E-10 MJSW=0.125195 PB=0.800000
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PMOS SPICE Model

.MODEL pfet PMOS LEVEL=3 PHI=0.600000 TOX=2.1200E-08 

+ XJ=0.200000U TPG=-1 VTO=-0.9056 DELTA=1.5200E+00 

+ LD=2.2000E-08 KP=2.9352E-05 UO=180.2 THETA=1.2480E-01 

+ RSH=1.0470E+02 GAMMA=0.4863 NSUB=1.8900E+16

+ NFS=3.46E+12 VMAX=3.7320E+05 ETA=1.6410E-01 

+ KAPPA=9.6940E+00 CGDO=5.3752E-11 CGSO=5.3752E-11 

+ CGBO=3.3650E-10 CJ=4.8447E-04 MJ=0.5027 

+ CJSW=1.6457E-10 MJSW=0.217168 PB=0.850000
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