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Comparisons of BJT and MOSFET

8.1 NMOS and NPN Transistors

• Circuit symbols and physical structures
— NMOS has symmetric structure for drain and source.

— NPN has asymmetric structure for collector and emitter.

• Current
— NMOS: current flows from drain to source.

— NPN: current flows from collector to emitter.

• Voltage
— NMOS: vD > vS, vG > vS.

— NPN: vB > vE, vC > vE.

NMOS NPN

NMOS NPN
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Sec 8.1. NMOS and NPN Transistors

• iD − vDS (common source) v.s. iC − vCE (common emitter)

NMOS

NPN

8.1.1 NMOS Triode v.s. NPN Saturation

• NMOS Triode iD − vDS v.s. NPN Saturation iC − vCE

NMOS NPN
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Lecture 8. Comparisons of BJT and MOSFET

• NMOS
— The two terminals drain and source act as a resistor controlled by (vGS − Vt) .

• NPN
— The two terminals collector and emitter act as a resistor controlled by IB (or

vBE).

NMOS Triode NPN Saturation

Bias vGS > Vt, vDS < vGS − Vt vBE > 0.5, vCE < vBE − 0.4 ' 0.3
i− v iD = k0n

W
L

£
(vGS − Vt)vDS − 1

2
v2DS

¤
iC ' ISe

vBE/VT − IS
αR
evBC/VT

ro rDS '
£
k0n

W
L
(vGS − Vt)

¤−1 ' vDS
iD

rCE ' 1/10βF IB

• Equivalent large signal model

NMOS NPN

8.1.2 NMOS Saturation v.s. NPN Forward Active

• NMOS
— The two terminals drain and source act as a current source controlled by (vGS − Vt) .

• NPN
— The two terminals collector and emitter act as a current source controlled by

IB (or vBE).

NMOS Saturation NPN Active

Bias vGS > Vt, vDS > vGS − Vt vBE > 0.5, vCE > vBE − 0.4 ' 0.3
i− v ID =

1
2
k0n

W
L
(vGS − Vt)

2 IC ' ISe
vBE/VT = βiB

Early Effect iD = ID(1 + λvDS), λ = 1/VA iC = IC(1 + λvCE), λ = 1/VA

ro rDS = VA/ID rCE ' VA/IC

• Equivalent large signal model
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Sec 8.2. PMOS and PNP Transistors

NMOS NPN

8.1.3 NMOS Cut-off v.s. NPN Cut-off

• NMOS
— VGS < Vt.

• NPN
— VBE < 0.5, VBC < 0.4.

8.2 PMOS and PNP Transistors

• Circuit symbols and physical structures
— PMOS has symmetric structure for drain and source.

— PNP has asymmetric structure for collector and emitter.

• Current
— PMOS: current flows from source to drain.

— PNP: current flows from emitter to collector.

• Voltage
— PMOS: vD < vS, vG < vS.

— PNP: vB < vE, vC < vE.

PMOS PNP

• iD − vDS (common source) v.s. iC − vCE (common emitter)
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Lecture 8. Comparisons of BJT and MOSFET

PMOS [vDS → vSD, (vGS − Vt)→ (vSG − |Vt|) ,−VA → − |VA|]

PNP [vCE → vEC , vBE → vEB,−VA →− |VA|]

8.2.1 PMOS Triode v.s. PNP Saturation

• NMOS Triode iD − vSD v.s. NPN Saturation iC − vEC

PMOS [vDS → vSD, (vGS − Vt)→ (vSG − |Vt|)] PNP [vCE → vEC , vBE → vEB]

• PMOS
— The two terminals source and drain acts as a resistor controlled by vSG− |Vt| .
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Sec 8.2. PMOS and PNP Transistors

• NPN
— The two terminals emitter and collector acts as a resistor controlled by IB.

PMOS Triode PNP Saturation

Bias vSG > |Vt|, vSD < vSG − |Vt| vEB > 0.5, vEC < vEB − 0.4 ' 0.3
i− v iD = k0p

W
L

£
(vSG − |Vt|)vSD − 1

2
v2SD

¤
iC ' ISe

vEB/VT − IS
αR
evCB/VT

ro rSD '
£
k0p

W
L
(vSG − |Vt|)

¤−1 ' vSD
iD

rEC ' 1/10βF IB

• Equivalent large signal model

PMOS PNP

8.2.2 PMOS Saturation v.s. PNP Forward Active

• NMOS
— The two terminals source and drain acts as a current source controlled by vSG−
|Vt| .

• PNP
— The two terminals emitter and collector acts as a current source controlled by

IB (or vEB).

PMOS Saturation PNP Active

Bias vSG > |Vt|, vSD > vSG − |Vt| vEB > 0.5, vEC > vEB − 0.4 ' 0.3
i− v ID =

1
2
k0p

W
L
(vSG − |Vt|)2 IC ' ISe

vEB/VT = βiB

Early Effect iD = ID(1 + |λ| vSD), |λ| = 1/ |VA| iC = IC(1 + |λ| vEC), |λ| = 1/ |VA|
ro rDS = |VA| /ID rCE ' |VA| /IC

• Equivalent large signal model
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Lecture 8. Comparisons of BJT and MOSFET

PMOS PNP

8.2.3 PMOS Cut-off v.s. PNP Cut-off

• PMOS
— VSG < |Vt| .

• PNP
— VEB < 0.5, VCB < 0.4.
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