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FET Small-Signal Models

Dr. José Ernesto Rayas Sánchez

Some figures of this presentation were taken from the instructional resources of the following textbook:

A. S. Sedra and K. C. Smith, Microelectronic Circuits. New York, NY: Oxford University Press, 2003.
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DC and small-signal analysis: example

Manufacturing data sheets



FET Small-Signal Models
Dr. José Ernesto Rayas Sánchez

March 26, 2007

2

3Dr. J. E. Rayas Sánchez

DC Bias + Small-Signal Excitation
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DC Bias + Small-Signal Excitation (cont)

A small variation of 
vgs can produce a large 
variation in vD

Amplification
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DC Bias + Small-Signal Excitation (cont)

A small variation of 
vgs can produce a large 
variation in vD

Amplification
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FET Small-Signal Models: Hybrid π Model

Neglecting the output resistance,  ro

JFET:                                               MOSFET:
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FET Small-Signal Models: Hybrid π Model (cont)

Considering the output resistance,  ro

JFET:                                               MOSFET:
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FET Small-Signal Models: Hybrid π Model (cont)

Considering the substrate effect in a MOSFET, 
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γ is the body effect coefficient

0.3 ≤ γ ≤ 0.4

ΦF is the work function of the 
silicon substrate or surface potential

Dm KIg 4=
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DC and Small-Signal Analysis – Example

2mA/V5.0=K
V1=THV

Bias point calculation (DC analysis)
2)( THGSD VVKI −=

KΩ18=DR
iI vv += V816.1

mA33.0)1816.1(m5.0 2 =−=DI
V4)KΩ18(mA33.0V10 =−=DSV0=λ
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DC and Small-Signal Analysis – Example (cont)

Small-signal analysis (linear analysis)

2mA/V5.0=K
V1=THV

KΩ18=DR
iI vv += V816.1

0=λ
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DC and Small-Signal Analysis – Example (cont)

mA33.0=DI
V4=DSV

DDV

mA55.0KΩ18/V10/ ==DDD RV

2mA/V5.0=K
V1=THV

KΩ18=DR
iI vv += V816.1

0=λ
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DC and Small-Signal Analysis – Example (cont)

Nonlinear analysis

2mA/V5.0=K
V1=THV

KΩ18=DR
iI vv += V816.1

0=λ
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DC and Small-Signal Analysis – Example (cont)

Nonlinear analysis

2mA/V5.0=K
V1=THV

KΩ18=DR
iI vv += V816.1

0=λ

1.06V1.15V
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JFET Manufacturing Data Sheets 
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JFET Manufacturing Data Sheets (cont) 
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JFET Manufacturing Data Sheets (cont) 
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MOSFET Manufacturing Data Sheets
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MOSFET Manufacturing Data Sheets (cont)
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MOSFET Manufacturing Data Sheets (cont)
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MOSFET Manufacturing Data Sheets (cont)


