Announcements

e HW 4 due today.

— For P1, can assume VFB=0.

— Can hand in at end of class or by 3pm at my office.
e Exam 1: mean =52, median=53.5, o = 16.

— Most problem with Problem 2

— Likely a multi-diode problem on final
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Channel-length Modulation

Vps > Ves —Vrn e |n saturation, the channel length

also decreases as v increases.
% :
G5 e This causes the channel current

to slightly increase as vpg

ls
— 1 | increases.

 This dependence is modeled
heuristically by

A
L= /(1 + Avps — vDSat))

“ Pinch-offr|\ot.
| AL
I

p-type 0 L L

substrate

, KW
I lp = 771? (Vgs — VTN)Z
B (1 + A(vDS — vDSat))
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Drain-source current (UA)

Channel Length Modulation
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Y/ 1 » A: channel-length modulation
j: Vgs=3V parameter, typically in the
A Vgs=2V | rangeof 1073V 1 < 1 <
10~y
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Drain-source voltage (V)
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NMOS Operation Regions (Text)

Operation Current Equation Condition
Region

Cutoff iD =0 Vgs < VTN

i / i VDS Ves > Vrn
Triode lp = K’ _(vGS — VTN — _) Wiy
tL 2 Vgs — Vps = Vry
: Voo >V
Saturation iy = 2% (pie — Ven)2(1 + Avps) Gs = VTN
et r\ Vgs — Vps < Vry

Channel Length Modulation
Body Effect:

Ven = Vo + V(\/VSB + 2¢r —/2¢F)
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NMOS Operation Regions (Correct)

Operation Current Equation Condition
Region

Cutoff ip =0 Ve < Vi
. W B 3 vLS) Vs > Vry
Triode ip = Kn (”Gs Vrn ==,") Vps Vgs — Vps = Vi

: . Khw ) Ves > Vrn
Saturatlon lp = 7? (vGS o VTN) [1 + A(UDS o vDSat)] Vgs — Ups < VTN

\

Channel Length Modulation
Body Effect:

Ven = Vo + V(\/VSB + 2¢r —/2¢F)
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NMOS Operation Regions (Alternative)

Operation Current Equation Condition
Region

Cutoff ip =0 Vs = Vrn

w Vgs > VTN

i e _ _Ybs
Tr|0de lp = KTL 3 (vGS VTN > )UDS (1 + AvDs') Vs — VTN > Vps

_ Kn

' V.
Saturation ip = 22 (vgs — V)2 (1 + Avpg) s = Vi

2 L ,\ Ves — Vry < Vps

Channel Length Modulation
Body Effect:

Ven = Vo + V(\/VSB + 2¢r —/2¢F)
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Body Effect (Substrate Sensitivity)

* A nonzero value of v changes the value of
the threshold voltage:

Ven = Vro + ¥(Jvsg + 2¢r — \/2¢r)
— Vro: zero-substrate-bias value for Vyy (V)
— y: body-effect parameter (v'V)
— 2¢r: surface potential parameter (V).

—2¢r = 2(kT/q) In(N,,/ni) (built-in voltage for
diode with doping of N, = ND = Nsub).
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Threshold voltage (V)

Body Effect (Substrate Sensitivity)
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Ven = Vo + V(\/USB + 2¢p — \/2¢F)
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