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EGE535 Low Power VLSIEGE535 Low Power VLSI
DesignDesign

Lecture #2 Lecture #2 

MOSFET BasicsMOSFET Basics
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Intrinsic and extrinsic Intrinsic and extrinsic 
SemiconductorsSemiconductors
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(no carriers at 00 K)
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PN JunctionPN Junction
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Depletion Region
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PN Junction PN Junction –– Reverse BiasingReverse Biasing

Depletion width 
increases
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nMOSFETnMOSFET
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Objective: to have current flowObjective: to have current flow
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NMOS TransistorNMOS Transistor
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Capacitor ChargingCapacitor Charging
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The MOS CapacitorThe MOS Capacitor
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The MOS CapacitorThe MOS Capacitor
Very Small Positive Voltage to Poly

Flat Band
Depletion
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The MOS CapacitorThe MOS Capacitor

Vgsn << Ions

Small Positive Voltage to Poly
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Threshold Voltage Threshold Voltage VVthth

Vgs
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Strong InversionStrong Inversion
Much More Positive Voltage       Vgs >> Vth

n >> Ions

Strong Inversion
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Threshold Voltage  Threshold Voltage  VVthth
Much More Positive
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Cutoff: Cutoff: IIdsds = 0= 0
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First Approximation: First Approximation: 
Threshold VoltageThreshold Voltage
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Surface Charge with Surface Charge with VVgsgs
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Cutoff: Cutoff: IIdsds = 0= 0
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Linear: Linear: IIdsdsincreases increases with with VVdsds
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ExampleExample

Vgs = 0.5V
Vgs = 1 V

Vds

Ids

( ) dsthgs
'
nds VVV

L
WkI −=

( ) ⎥⎦
⎤

⎢⎣
⎡ −−= 2

dsdsthgs
'
nds V

2
1VVV

L
WkI

Resistive region

Source Drain

1V
2V

+
+

+

+
+

+

+

+
+

+
++

+ +
+

+

+

+
+++

+
+

++++
+

+

+

+
+

+
+

+
+

+

+
+

+
+

Ids > 0

n+ n+

0  .2  .5  .7  1V

S D

2V 1.
8

1.
5

1.
3 1

0 .2    .5   .7   1V

Vth =0.8V

Vgs

Vds

++
+

+
+

+
+

++ ++ +
P-+++

Ids Linear :

( )thgs
'
nds

ds

VV
L
Wk

1
I
VR

−
==

Ids

Damu, 2008Damu, 2008 EGE535 Fall 08, Lecture 2EGE535 Fall 08, Lecture 2 2222

Pinch Off: Pinch Off: VVdsds = = VVgsgs--VVthth
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Saturation:Saturation: IIdsds independent of independent of VVdsds
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Regions of Transistor OperationRegions of Transistor Operation
1. Linear region : VGS > Vth VDS < VGS – Vth

Vth - threshold voltage 

2. Saturation region: 
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Current Equation
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Channel Length ModulationChannel Length Modulation
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PMOSFETPMOSFET
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PMOSFET: No currentPMOSFET: No current
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PMOSFET: Current flowPMOSFET: Current flow
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PMOS TransistorPMOS Transistor

1. Linear region :       |VGS| > |Vth|    
Vth - threshold voltage (Min for inversion layer)
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|VDS| < |VGS – Vth|
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MOSFET SymbolsMOSFET Symbols


