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MOSFET Junction Capacitances
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MOSFET Gate Capacitances

Cutoff

— No channel formation => Cys = Cyq = 0. The
gate capacitance to the substrate

Cgb = Cox WL
Gate (G)
Source (S) T Drain (D)
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MOSFET Gate Capacitances

L Inear

The channel has formed and the capacitance is from the
gate to the source and drain, not to the substrate. Thus

Cqp=0 and
Cgs ~ ng ~ (Cox W L)/2
T S G 2
L
C ot J 7 \‘ _ n" )

Space- Induced electron
charge regions P inversion layer
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MOSFET Gate Capacitances

Saturation

In saturation, the channel does not extend to the drain.
Thus, Cy=0 and
Cygs = (Cox W L)*2/3

Vgs is high enough Vg is not high enough
to induce a channel to induce a channel

source pinched off

NMOS
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MOSFET Overlap Capacitances
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Substrate (p-Si)

— Lm:mask length of the gate
— L:actual channel length
—Lp: gate-drain overlap
— Y: typical diffusion length
— W: length of the source and drain diffusion region
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MOSFET Overlap Capacitances

Overlap Capacitances

— Two special components of Cys and Cyg caused by the
lateral diffusion under the gate and'thin oxide

CGS(overIap) CoxWLD
CGD(overIap) COXWI—D

Lp: lateral diffusion‘length

W : the width of.channel

Cox = &ox/toxi-Capacitance per unit area

— Theses overlap capacitances are bias independent and
are added components of Cys and Cgg.
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MOSFET Gate Capacitances

Note that the capacitance seen looking into the
gate i1s Cyg:

— For manual calculations, we approximate C, as Its
maximum value.

Capacitance Cut-off Linear Saturation
Cyb(total) CoxWL 0 0
Cya(total) CoxWLp CoxWL/2+CoxWLp CoxWLp
Cys(total) CoWLhkp' | CoxWL/2+ CoxWLp | 2CoxWL/3+ CoxWLD

— This component of input capacitance is directly
proportional to L and W
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MOSFET Gate Capacitances

WLCox
2

+ WCov
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MQOS Capacitor

V<V M<V<Y AG<y,

BACK CONTACT ACK CONTAC ACK CONTAC
ACCUMULATION DEFPLETION INVERSION
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MQOS Capacitor

AC MOS transistor C-V at any f, LF
capacitor C-V, or QS C-V

HF MOS capacitor C-V

Vi Vi

Accumulation Depletion Inversion
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MQOS Capacitor based LNA
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Thankyou
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