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NPN & NMOSNPN & NMOS Small-signal T model, ro = ∞
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PNP & PMOSPNP & PMOS Small-signal T model, ro = ∞
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BJT Node ResistancesBJT Node Resistances AC, ro = ∞
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BJT AmplifiersBJT Amplifiers AC, ro = ∞
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MOS Node ResistancesMOS Node Resistances AC, ro = ∞
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MOS AmplifiersMOS Amplifiers AC, ro = ∞
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NPNNPN Small-signal π model
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PNPPNP Small-signal π model
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NMOSNMOS Small-signal π model
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PMOSPMOS Small-signal π model
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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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BJT Node ResistancesBJT Node Resistances AC
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BJT AmplifiersBJT Amplifiers AC

Calculation of Gm and Rn is not necessary if ro is grounded,

since it can be combined with either RE or RC.
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BJT AmplifiersBJT Amplifiers AC

RC

RB

vo

vi

vo

RC

RE

vi

Gm = g′
m +

1

ro

g′
m = gm

rπ

rπ + RB

Rn = RC‖ro

vo

vi
= GmRn

Gm = −gm

1 −
RE

βro

1 + gmRE

1 +
1

β
+

1

gmro



≈ −
gm

1 + gmRE

Rn = RC‖ [gmro(RE‖rπ) + ro + (RE‖rπ)]

vo

vi
= GmRn

ECEN 326 Electronic Circuits - Aydın İ. Karşılayan - Introduction 21



MOS Node ResistancesMOS Node Resistances AC
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MOS AmplifiersMOS Amplifiers AC

Calculation of Gm and Rn is not necessary if ro is grounded,
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MOS AmplifiersMOS Amplifiers AC
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