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NMOS Physical StructureNMOS Physical Structure
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CMOS Physical StructureCMOS Physical Structure Cross-section
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Physical OperationPhysical Operation NMOS
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Physical OperationPhysical Operation NMOS
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ID-VDS CharacteristicsID-VDS Characteristics NMOS
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ID-VSD CharacteristicsID-VSD Characteristics PMOS

Active

ID

VSG

VSD

VSG4

VSG3

VSG2

VSG1

VSD

ID

VSD <Vov VSD >Vov
Triode
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NMOS DC OperationNMOS DC Operation

G

GS

ID

D

S

V

IG=0

Vov = VGS − Vtn

• Cutoff: VGS < Vtn , ID = 0

• Triode (linear) region: VDS < Vov

ID = k′
n

W

L

VovVDS −
V2

DS

2



• Active (saturation) region: VDS > Vov
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PMOS DC OperationPMOS DC Operation
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• Active (saturation) region: VSD > Vov
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MOSFET DC BiasingMOSFET DC Biasing Resistive
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MOSFET DC BiasingMOSFET DC Biasing NMOS Current Mirror
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ECEN 325 Electronics - Aydın İ. Karşılayan - MOS Field-Effect Transistors 10



NMOS Current MirrorNMOS Current Mirror Example
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NMOS Current MirrorNMOS Current Mirror Example
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MOSFET DC BiasingMOSFET DC Biasing PMOS Current Mirror
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PMOS Current MirrorPMOS Current Mirror Example
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PMOS Current MirrorPMOS Current Mirror Example

VDD + VSS = R1ID1 + VSG1
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Current Mirror BiasingCurrent Mirror Biasing Example 1
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Current Mirror BiasingCurrent Mirror Biasing Example 2
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MOSFET Small-Signal OperationMOSFET Small-Signal Operation
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Small-Signal ModelSmall-Signal Model NMOS
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Small-Signal ModelSmall-Signal Model PMOS
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MOS Node ResistancesMOS Node Resistances AC, ro = ∞
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Common-Source AmplifierCommon-Source Amplifier Discrete
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Common-Source AmplifierCommon-Source Amplifier AC equivalent, ro = ∞
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Common-Drain AmplifierCommon-Drain Amplifier Discrete
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Common-Drain AmplifierCommon-Drain Amplifier AC equivalent, ro = ∞
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Common-Gate AmplifierCommon-Gate Amplifier Discrete
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Common-Gate AmplifierCommon-Gate Amplifier AC equivalent, ro = ∞
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MOSFET Amplifiers - SummaryMOSFET Amplifiers - Summary AC, ro = ∞
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MOS Node ResistancesMOS Node Resistances AC, ro finite
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Common-Source AmplifierCommon-Source Amplifier Integrated
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Common-Source AmplifierCommon-Source Amplifier AC equivalent
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Common-Drain AmplifierCommon-Drain Amplifier Integrated
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Common-Drain AmplifierCommon-Drain Amplifier AC Equivalent
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Two-Port Modeling of AmplifiersTwo-Port Modeling of Amplifiers
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Two-Port Modeling of AmplifiersTwo-Port Modeling of Amplifiers Gm & Rn
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Two-Port Modeling of AmplifiersTwo-Port Modeling of Amplifiers Multistage
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Two-Port Modeling of AmplifiersTwo-Port Modeling of Amplifiers Multistage
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Two-Port Modeling of AmplifiersTwo-Port Modeling of Amplifiers Multistage
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Two-Port Modeling of AmplifiersTwo-Port Modeling of Amplifiers Multistage
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Common-Gate AmplifierCommon-Gate Amplifier Integrated
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Common-Gate AmplifierCommon-Gate Amplifier AC Equivalent
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Common-Source Amplifier - SDCommon-Source Amplifier - SD Integrated
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Common-Source Amplifier - SDCommon-Source Amplifier - SD AC equivalent
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ECEN 325 Electronics - Aydın İ. Karşılayan - MOS Field-Effect Transistors 43



MOSFET Amplifiers- SummaryMOSFET Amplifiers- Summary AC, ro finite
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MOSFET Amplifiers - SummaryMOSFET Amplifiers - Summary AC, ro finite
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