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The Diode
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Diode Current
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The MOS Transistor

Polysilicon Aluminum



MOS Transistors: Types and SymbolsMOS Transistors: Types and Symbols
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Threshold Voltage: Concept
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The Threshold Voltage



The Body EffectThe Body Effect
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Standard NMOS I‐V CurvesStandard NMOS I V Curves
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Transistor in Linear
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Transistor in Saturation
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Long‐Channel I‐V ModelLong‐Channel I‐V Model



A model for manual analysis



Deep‐Submicron I‐V ModelDeep Submicron I V Model
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Velocity SaturationVelocity Saturation
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Short‐Channel I‐V ModelShort Channel I V Model

ID
Long-channel device

Short-channel device

V
GS 

= V
DD

VV V V VDS
V

DSAT V
GS

- V
T

9/4/2008 17GMU, ECE 680 Physical VLSI Design



ID versus VGSID versus VGS
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ID versus VDSID versus VDS
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Simplified Model for Velocity SaturationSimplified Model for Velocity Saturation
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A Unified Model: for Manual AnalysisA Unified Model: for Manual Analysis
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Simple Model versus SPICESimple Model versus SPICE 

x 10
-4

2

2.5
x 10

VDS=VDSAT

1.5

A
)

Velocity
Saturated

Li
1

I D
(A Linear

VDSAT=VGT

0

0.5

Saturated

DSAT GT

VDS=VGT

0 0.5 1 1.5 2 2.5
VDS (V)

9/4/2008 22GMU, ECE 680 Physical VLSI Design



Transistor Model: for Manual AnalysisTransistor Model: for Manual Analysis

9/4/2008 23GMU, ECE 680 Physical VLSI Design



Problem: Low Output ResistanceProblem: Low Output Resistance
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Modified Unified ModelModified Unified Model
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Model Improvement with r hModel Improvement with rch
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Threshold VariationsThreshold Variations
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Summary: Standard EquationSummary: Standard Equation
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