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Dynamic Behavior of MOS TransistorDynamic Behavior of MOS Transistor
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The Gate CapacitanceThe Gate Capacitance

xd xd

Polysilicon gate

Gate-bulk

Source

n+

Drain

n+
W

© Digital Integrated Circuits2nd Devices

tox

n+ n+

Cross section

L

Gate oxide

L d

Top view

Gate-bulk
overlap



Gate CapacitanceGate Capacitance
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Cut-off Resistive Saturation

Most important regions in digital design: saturation and cut-off
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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 non-linear capacitance by
large-signal equivalent linear capacitance

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

Threshold Variations
Subthreshold Conduction
Parasitic Resistances
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Threshold VariationsThreshold Variations
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SubSub--Threshold ConductionThreshold Conduction
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Typical values for S:
60 .. 100 mV/decade

S is DVGS for ID2/ID1 =10



SubSub--Threshold Threshold IIDD vs vs VVGSGS
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VDS from 0 to 0.5V



SubSub--Threshold Threshold IIDD vs vs VVDSDS
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VGS from 0 to 0.3V



Summary of MOSFET Operating Summary of MOSFET Operating 
RegionsRegions

Strong Inversion VGS  > VT

 Linear (Resistive) VDS  < VDSAT

 Saturated (Constant Current) VDS  VDSAT
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 Saturated (Constant Current) VDS  VDSAT

Weak Inversion (Sub-Threshold) VGS  VT

 Exponential in VGS with linear VDS dependence



Parasitic ResistancesParasitic Resistances
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LatchLatch--upup
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Future PerspectivesFuture Perspectives
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25 nm FINFET MOS transistor


