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CMOS INVERTER
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The CMOS Inverter: A First Glance
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CMOS Inverters
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Switch Model of CMOS Transistor
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CMOS Inverter: Steady State Response
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CMOS Inverter: Transient Response
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CMOS Properties

l Full rail-to-rail swing
l Symmetrical VTC
l Propagation delay function of load

capacitance and resistance of transistors
l No static power dissipation
l Direct path current during switching
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The MOS Transistor

Polysilicon Aluminum
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MOS Transistors -
 Types and Symbols
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Threshold Voltage: Concept

n+n+

p-substrate

DS
G

B

VGS

+

-

Depletion
Region

n-channel



6

Digital Integrated Circuits © Prentice Hall 1995Inverter

The Threshold Voltage
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The Body Effect
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Current-Voltage Relations
A good ol’ transistor

Quadratic
Relationship

Resistive Saturation

VDS = VGS - VT
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Transistor in Linear
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Transistor in Saturation
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Current-Voltage Relations
Long-Channel Device
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A model for manual analysis
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Current-Voltage Relations
The Deep-Submicron Era
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Velocity Saturation
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Constant velocity
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Perspective

ID
Long-channel device

Short-channel device

VDSVDSAT VGS - VT

VGS = VDD
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ID versus VGS
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A model for manual analysis
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Simple Model versus SPICE
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A PMOS Transistor
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Transistor Model
for Manual Analysis
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The Transistor as a Switch
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The Transistor as a Switch
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The Transistor as a Switch
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The Sub-Micron MOS Transistor

lThreshold Variations
lSubthreshold Conduction
lParasitic Resistances
lLatch-up
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Threshold Variations
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Sub-Threshold Conduction
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The Slope Factor
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Parasitic Resistances
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Future Perspectives

25 nm MOS transistor (Folded Channel)
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Voltage Transfer
Characteristic
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PMOS Load Lines
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CMOS Inverter Load Characteristics
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CMOS Inverter VTC
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Simulated VTC
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