
MOSFET operating principle – I 

Basic structure of an n-channel enhancement MOS transistor
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The gate contact
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MOSFET operating principle – III
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VD=0

p-sub with NA holes/cm-3

The threshold voltage: INVERSION

Free electrons with 
density equal to NA

depleted region



MOSFET operating principle – IV
MOS capacitor

VG>VT
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MOSFET operating principle – V

Channel resistance
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MOSFET operating principle – IV 
The conducting channel is formed … 
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VD=0



MOSFET operating principle – V 
… current can flow between Drain and Source!
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MOSFET operating principle – VIII

MOS as variable resistor: OHMIC region
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MOSFET operating principle – IX

MOS as variable resistor: as VDS increases … 
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MOSFET operating principle – X
Gradual Channel approximation



MOSFET operating principle – XI

Channel pinch-off: saturation region
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VDsat= VGS-VT



MOSFET operating principle – XII

Current at pinch-off voltage
VG>VT
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Drain Current in Saturation region

Drain Current in 
Triode Region



MOSFET operating principle – XIII

MOS as transistor: SATURATION region
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MOSFET operating principle – XIV

MOS as transistor: SATURATION region, real vs. ideal
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MOSFET operating principle – XIII

MOS circuit symbols
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MOSFET operating principle – IV

Small signal operation

2)(
2
1

TGSoxnD VV
L

WCI −= µ

Transcharacteristic curve Transconductance

G

D

S

I

VV
GST

D

Small signal condition:

Basic amplifier configuration 
(Common source)

inv
outvLR Voltage gain:
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