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Goal of this chapterGoal of this chapter

 Present intuitive understanding of device 
operation

 Introduction of basic device equations
 Introduction of models for manual 

analysis
 Introduction of models for SPICE 

simulation
 Analysis of secondary and deep-sub-

micron effects
 Future trends
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The DiodeThe Diode
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Mostly occurring as parasitic element in Digital ICs
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Diode CurrentDiode Current
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Forward BiasForward Bias
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Reverse BiasReverse Bias
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Models for Manual AnalysisModels for Manual Analysis
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Junction CapacitanceJunction Capacitance
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Diffusion CapacitanceDiffusion Capacitance
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Secondary EffectsSecondary Effects
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Diode ModelDiode Model
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SPICE ParametersSPICE Parameters
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What is a Transistor?What is a Transistor?

VGS ≥ V T

R o n
S D

A Switch!

|VGS|

An MOS Transistor
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The MOS TransistorThe MOS Transistor

Polysilicon Aluminum
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MOS Transistors -MOS Transistors -
Types and SymbolsTypes and Symbols
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Threshold Voltage: ConceptThreshold Voltage: Concept
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The Threshold VoltageThe Threshold Voltage
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The Body EffectThe Body Effect
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Current-Voltage RelationsCurrent-Voltage Relations
A good ol’ transistorA good ol’ transistor

Quadratic
Relationship
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Transistor in LinearTransistor in Linear
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Transistor in SaturationTransistor in Saturation
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Current-Voltage RelationsCurrent-Voltage Relations
Long-Channel DeviceLong-Channel Device
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A model for manual analysisA model for manual analysis
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Current-Voltage RelationsCurrent-Voltage Relations
The Deep-Submicron EraThe Deep-Submicron Era
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Velocity SaturationVelocity Saturation
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PerspectivePerspective
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IIDD versus V versus VGSGS
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IIDD versus V versus VDSDS
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A unified modelA unified model
for manual analysisfor manual analysis
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Simple Model versus SPICE Simple Model versus SPICE 
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A PMOS TransistorA PMOS Transistor
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Transistor Model Transistor Model 
for Manual Analysisfor Manual Analysis
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The Transistor as a SwitchThe Transistor as a Switch

VGS ≥ V T

R o n
S D

ID

VDS

VGS = VD D

VDD/2 VDD

R0

Rmid

ID

VDS

VGS = VD D

VDD/2 VDD

R0

Rmid



© Digital Integrated Circuits2nd Devices

The Transistor as a SwitchThe Transistor as a Switch
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The Transistor as a SwitchThe Transistor as a Switch
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MOS CapacitancesMOS Capacitances
Dynamic BehaviorDynamic Behavior
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Dynamic Behavior of MOS TransistorDynamic Behavior of MOS Transistor
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The Gate CapacitanceThe Gate Capacitance

tox

n+ n+

Cross section

L

Gate oxide

xd xd

L d

Polysilicon gate

Top view

Gate-bulk
overlap

Source

n+

Drain

n+
W



© Digital Integrated Circuits2nd Devices

Gate CapacitanceGate Capacitance
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Gate CapacitanceGate Capacitance
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Measuring the Gate CapMeasuring the Gate Cap
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Diffusion CapacitanceDiffusion Capacitance
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Junction CapacitanceJunction Capacitance
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Linearizing the Junction CapacitanceLinearizing the Junction Capacitance

Replace nonlinear capacitance by
largesignal equivalent linear capacitance

which displaces equal charge 
over voltage swing of interest
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Capacitances in 0.25 Capacitances in 0.25 µµ m CMOS m CMOS 
processprocess
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The Sub-Micron MOS TransistorThe Sub-Micron MOS Transistor

 Threshold Variations
 Subthreshold Conduction
 Parasitic Resistances
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Threshold VariationsThreshold Variations
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Sub-Threshold ConductionSub-Threshold Conduction
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Sub-Threshold Sub-Threshold IIDD vs  vs VVGSGS

VDS from 0 to 0.5V
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Sub-Threshold Sub-Threshold IIDD vs  vs VVDSDS
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Summary of MOSFET Operating Summary of MOSFET Operating 
RegionsRegions

 Strong Inversion VGS  > VT

 Linear (Resistive) VDS  < VDSAT

 Saturated (Constant Current) VDS  ≥ VDSAT

 Weak Inversion (Sub-Threshold) VGS  ≤ VT

 Exponential in VGS with linear VDS dependence
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Parasitic ResistancesParasitic Resistances
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Latch-upLatch-up
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Future PerspectivesFuture Perspectives

25 nm FINFET MOS transistor
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