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velocity saturation in bulk silicon
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velocity saturation and MOSFETSs

I, =WQ, (Y)Uy (y)
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v, (Y) = i E,(Y)?
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E, ~ % << 10* V/cm OK for L > 1 micrometer
L >>VL51’
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bulk charge theory of MOSFETs
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expected result

Visar = (VGS —V; )/ m

Vpsat reduced

lpsat reduced

VDSAT
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velocity vs. field characteristic (electrons)
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|-V derivation
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derivation (ii)

(1 )
IDUJI>I+E—c1VJ = -WQ; (V) e dV
L Vbs | Vbs
!IDdy+ j g =—£WQ.(V)ueﬁdv
Vbs
5 (L + Vs / Ec): - _[ WQ, (V) e dV
0
A\ J

v

exactly the same as for the bulk charge theory
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derivation (iii)

W \VAS
ID :®”effcox f{(ves _VT )VDS — m%} (1)

E_ 1 B 1
V (1+VDS / LEC)_ (1+lueffVDS /UsatL)

Vs / L = average electric field in the channel

whenV. /L >E_thenF, <1
(1) valid when:

Voo >V, Vo, <?
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VDSAT

di
av,

V&
lp = F 1.5 Cox |:(VGS T)V m%s}

VDSAT T

2(Vgs = V5 )/ m g (Ves — Vi )
L+ 1+ 2410 (Vs = Vy )/mo, L m

eqn. (3.77) of Taur and Ning
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| DSAT

\\/1"‘ 2 Heg (VGS — Vs )/mUsatL -1

| psar =W Coug, (VGS - V;

T+ 241 (Ves =V )Mo L +1

eqn. (3.78) of Taur and Ning

Examine two limits:

1) L > o
nL—>O0
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L --> inf

2(Vgs = V5 )/ m

V.o =
U1 1 2 (Ve — Vs )/ mog, L
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VDSAT — (VGSI; VT)
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\/1+ 2 U (VGS -V )/mUsatL -1

L+ 21 (Ve = V; )/mog L +1
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L-->0

2(Vgs = V5 )/ m

VDSAT o

L+ 1+ 2410 (Vs =y )/mo, L

r

\_

Vosar = \/ 20, L (VGS -V )/ M L

J

| psar =W Coug, (VGS

_V \\/1+ 2 e (Ves - V; )/musatL -1

-

\_

N
| psar =W Coug, (VGS - Vi )

J

L 21 (Ves = Vy )Mo L +1

“complete velocity saturation”

current independent of L
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near threshold
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near threshold
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‘signature’ of velocity saturation

Vs Vbs

2
=Y c (Vs —Vr ) lo =W, Co, (Vs — Vi)
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lp and (Vgs - Vy)

(24

l5 (Vs =Viop) ~ (VGS _VT)

l<a<?2
AN
complete long channel
‘ velocity
Vs ' saturation
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what happens near the drain?

Qi(y)=-Cs [VG —V; —mV (Y)]
Qi (y — L) — _CG [VG _VT o mVDSAT ]

2(Vgs = V5 )/ m
L+ 1+ 2410 (Vs =y )/mo, L

VDSAT

1+2u, (Vs —V; )/mo, L -1
Q(y=L)=-C, (VGS - V; )\/ ﬁ( & T)/ !

L+ 2t (Vs = V7 )/ mog L +1
‘Qi (y= L)‘ >0
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what happens near the drain?

—v WL 241 (Vo =V )/mo, L —1

(y=L)=-C.(V
Q=1 =-Co (Vs T}\/l—l—zlueﬁ(VGS—VT)/mUSmL—I—l

\/1+ 2/ueﬂ‘ (VGS _VT )/mUsatL -1

| =W C V.. —V.)
DSAT GUsat( GS T}\/1+ Z,Ueﬁ (VGS —VT )/mUsatL 1

IDSAT =W Ugat Qi (y = L)
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what happens when L--> 0?

Q(y=L)>0

L—>0

Qi(y=L)—>Qi(y=0)=C, (VGS _VT)

v (X): (VGS -Vi )/ m

7
X
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velocity and transconductance

| psar =W Coug, (VGS - V; )

di
0, = — 2 =W Cguy,
av,
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velocity overshoot in a MOSFET
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Frank, Laux, and Fischetti, IEDM Tech. Dig., p. 5583, 1992
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