8

Comparisons of BJT and MOSFET

8.1 NMOS and NPN Transistors

e Circuit symbols and physical structures

— NMOS has symmetric structure for drain and source.

— NPN has asymmetric structure for collector and emitter.

e Current

— NMOS: current flows from drain to source.

— NPN: current flows from collector to emitter.

e Voltage
— NMOS: vp > vg, vg > vs.
— NPN: vg > vg, vog > vg.
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Sec 8.1. NMOS and NPN Transistors

e ip — vps (common source) v.s. i¢ — vop (common emitter)
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8.1.1 NMOS Triode v.s. NPN Saturation

e NMOS Triode ip — vpg v.s. NPN Saturation ic — vcg
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Lecture 8. Comparisons of BJT and MOSFET

e NMOS
— The two terminals drain and source act as a resistor controlled by (vgs — V;) .
e NPN

— The two terminals collector and emitter act as a resistor controlled by I (or

UBE)-
NMOS Triode NPN Saturation
Bias | vgs > Vi, vps < vgsg — V4 v > 0.5, vogp <vpg — 0.4 ~0.3
i—v | ip =k [(vas = Vi)ups — 3ubg] | ic = [se"e/Vr — Jsevnc/Vr
=
To rps =~ [k (vas — Vi) ~ L2 | rop ~ 1/108p1p

e Equivalent large signal model
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8.1.2 NMOS Saturation v.s. NPN Forward Active

e NMOS
— The two terminals drain and source act as a current source controlled by (vgs — V}) .
e NPN
— The two terminals collector and emitter act as a current source controlled by
I (or vgg).
NMOS Saturation NPN Active
Bias vas > Vi, vps > vas — Vi vpg > 0.5, vog > vgg — 0.4 ~0.3
i—v Ip =3k, W (vas — V;)? Io ~ IgevBe/VT = Bip
Early Effect | ip = Ip(1+ Avpg), A=1/Vy | ic = Ic(1 4+ Aveg), A=1/Vy
To rps = Va/lp rog ~ Va/lc

e Equivalent large signal model
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Sec 8.2. PMOS and PNP Transistors
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8.1.3 NMOS Cut-off v.s. NPN Cut-off

e NMOS
— Vas < V4.

e NPN
— Ve < 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.

e Current

— PMOS: current flows from source to drain.

— PNP: current flows from emitter to collector.
e Voltage

— PMOS: vp < vg, vg < vg.
— PNP: vg < vg, v¢ < vg.
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e ip — vps (common source) v.s. ic — vop (common emitter)
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Lecture 8. Comparisons of BJT and MOSFET

in A
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8.2.1 PMOS Triode v.s. PNP Saturation

e NMOS Triode ip — vgp v.s. NPN Saturation ic — vgc
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e PMOS

— The two terminals source and drain acts as a resistor controlled by vsg — |V;] .
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Sec 8.2. PMOS and PNP Transistors

¢ NPN

— The two terminals emitter and collector acts as a resistor controlled by I.

PMOS Triode PNP Saturation
Bias | vsg > |Vi|, vsp < vsg — |Vi] ver > 0.5, vpc < vpg — 0.4 ~ 0.3
i—v|ip= k‘z’)% [(USG —|Vi|)vsp — %ng} ic ~ IgeveB/Vr — i—ie”oB/VT
ro | rsp = [ W(vse — [Vi))] T = %2 | rpe > 1/108,15

e Equivalent large signal model
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8.2.2 PMOS Saturation v.s. PNP Forward Active

e NMOS

— The two terminals source and drain acts as a current source controlled by vgg—

Vil .
e PNP

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

IB (OI‘ UEB)-

PMOS Saturation

PNP Active

Bias

vsg > |Vil, vsp > vse — |Vi

VEB > 0.5, vpe > vgg — 0.4 ~0.3

1 —

Ip = 3k % (vsq — [Vi])?

Io ~ ISGUEB/VT = fBig

Early Effect

ip =Ip(1+ |Mwsp), [N =1/ V4

ic = Ic(1+ |Mwvee), [N =1/|Val

To

'ps = |VA| /ID

rcp X~ |VA|/IC

e Equivalent large signal model
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Lecture 8. Comparisons of BJT and MOSFET
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8.2.3 PMOS Cut-off v.s. PNP Cut-off

e PMOS
— VSG < |‘/;5|
e PNP
— Vep < 0.5, Vep < 0.4.
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