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I\ characteristics of MOSFETS

= [DS(VGS’VDS)
Goal: To understand: 1,(V.V,.V,.V;) Ve=V,=0
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MOSFET IV characteristic
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MOSFET e-band (high Ve, low Ve)
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MOSFET IV
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MOSFET IV: low Vg
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MOSFET e-band (high Vg, high V)
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MOSFET IV: “pinch-off” at high Vqs

/ \

0,(x)=-C,, (VGS ~Vp = V(x)) V('xpinch) = (VGS - V;*)

. X . )z 0
Note: thickness of channel Qﬂ( pinch
llustrates the areal density of Electric field is very large in

electrons — not the actual the pinch-off region. 9
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“Pinch off” In the channel
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MOSFET IV: high V¢
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Qn (x): _Cox (VGS -V, _V(x)) 2 a0k
20

Is =W 0, (x)(v,(x)) =W 0,(0)(v,(0))
0,(0)=-C,.(Vos —2)

(0.(0)) = -4,Z,(0)
£.(0)~ _V(‘xpinch)/L = _(VGS - VT)/L




Short channel MOSFETSs

! s OC(VGS — VT)
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High V5 : velocity saturation
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MOSFET IV: velocity saturation

Is=-WQO,(x)(v,(x)) (Courtesy, Shuiji Ikeda, ATDF, Dec. 2007)

Ls=WC, v, (Ves— V)

ox — sat
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MOSFET: IV (re-cap)
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We have developed a 2-piece approximation to the MOSFET IV

characteristic.
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MOSFET IV
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“Velocity overshoot”
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Summary

Surprisingly, our simple, traditional model seems to
work pretty well - even though it is clearly based on
erroneous physics.

One goal of this course, is to explain why this is the
case.

Next up: Extend the two-piece model into a full model
for the IV characteristics.
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