You may ask why the gate capacitance of a MOS transistor in saturation is

%COXWeff L. - The following is the derivation. We denote Wes as W and Lesr as L

for simplicity, and ignore channel length modulation effect. Thus the channel
extends from y=0 to y=L instead of L-AL, where AL is introduced by channel
length modulation effect.
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Fig. 1, An NMOS transistor with small vps and vgs>Vr.

For Ves>Vr, any charge placed on the gate must be mirrored by the charge with
reversed polarity in the channel. The charge per unit area in the channel, Q(y)
can be expressed as,

Qi(Y) =Co(Ves —V(Y) —V1) 1)
Note that E = - d\ély(/y) , the carrier speed veis v, = -4, E , thus
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Thus

ipdy =WQyv dy =WC,, (Ves =V (Y) ~Vr)i,dV(y) ®3)

Integrating along the channel fromy =0toy =L, we have
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Note that ip is constant along the channel, we have
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Thus
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Eq. (6a) applies when vgq >V, and vq >V, —V;, or when the transistor is in
saturation.

The factor 1,C,, is called device transconductance parameter,
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If we integrate the left side of Eq. (3) from O toy (y <L), we have,
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Thus
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Substitute Eq. (6b) into Eq. (7), we have,
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Eq. 8(a) can be re-written as
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Solving Eq. 8(b), we obtain that,
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Note that V(y) = 0 when y = 0, thus
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From Eq. (1), we can write,

dQchanneI = QI (y)Wdy = Cox (\/GS _V(y) _VT )Wdy (10a)
Substitute Eqg. (9) into Eg. (10a),
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We have,
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Thus
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Qchannel = J dQchanneI = gcox (VGS _VT )WL (11b)
Finally, we arrive at
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