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l5 vS. V¢ (long channel)

1) square law
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l5 vS. V¢ (short channel)

1) linear with V¢

I,=Wv,C, (Vs -Vy)

sat oxX

Ves ) high output conductance
— 811)
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see Taur and Ning, pp. 154-158
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V roll-off
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e(VGS ~V; )/ mkyT
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V., =0.05V

Orain-Induced Barrier Lowering
(DIBL) mV/V

VGS
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stronger short channel effects

(VGS ' Vi )
Voo =1.1V

V., =0.05V

S(Vps = 1.1V) > S(Vpg = 0.05V)

e(VGS ~V; )/ mkyT

VGS
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severe short channel effects

Vo =11V
V,s =005V

Ves-V; )imkgT  CUIrent weakly dependent on Vg
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2D Poisson eguation

- 1) MOS Capacitor:

y 2
0"y P gN
| > =24 (bdowV.
N+ JI, | L N+ 0 e e ( )
______ / \
R 2) MOSFET:
yx
oy 9P gN,
_Qi + = belowV.
pS| ax2 ay2 8Sl- ( T)

Lundstrom EE-612 FO6 10



2D Poisson equation (i)

1) Long channel MOSFET below threshold:

9°Y 0°Y
>>

ox” dy’

gradual channel approximation:

Q,(y)= —CG[VG -Vr - mV(y)]
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2D Poisson equation (iii)

1) Short channel MOSFET below threshold:

2 2
a l/) QNA a w 0.2 T T T T ;
2 = T o2 = Increasing V
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a w q NA eff %) 23 N \\‘\T ---------------
> = ~ . 62E \::\\:\\‘E ...............
ax € Si QJH 2.5 C < \“::;/ """"""
_06 Vo2 |
oy N .
-0.7
NA|eff < NA 0% 15 -15““-5_“)_(_[0_]““5““;(:) 15 20
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V. <V, (long channel)

explains V; roll-off
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2D Poisson equation (iii)

alternatively:
821/) qNA eff
= N <N
ox’ £ Mar =1

Vi =V + 295 + Y\/4q€SiNAwB/COX

y <1

V. <V.(long channel)
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2D potential contours

W =04
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2D potential contours (Vs = Vi)
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2D potential contours (long channel)
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2D potential contours (short channel)

(See Fig. 3.18 of Taur and Ning)
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Consequences of 2D electrostatics
2D Poisson equation

Charge sharing model

Barrier lowering viewpoint

2D capacitor model

Geometric scale length

Discussion
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charge sharing model
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charge sharing model (i)

B ————
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charge sharing model (i)
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charge sharing model (i)

QD - (WLWDM)QNA

L+ L | N+ = ( \/ n+
W( )WDMqNA < L/ >
p-Si
1 L\ L+L
=y =—|1+—|= — <]
2 L 2L
V Oy
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charge sharing model (i)

V.=V, +2I " #& <V, (long channel)

COX
L+L x ([ 2w, )
Y = SR D PPl VA
A
(prob. 3.6, Taur and Ning) n+ ;\ n+

i x; << L

for y~ 1, need: < S/D extensions

W. . <<x.

L p-Si
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barrier lowering

—Eglk,T

low V

~———— highV,
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barrier lowering (i)

V=11V
V,, = 0.05V

\ no DIBL

e(VGS _VT )/kaT

VGS
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barrier lowering (lii)

I - e_EB 1k, T
D
E-(y) T AE,
q(vbi - ':Us)
l low V
drain-induced
barrier lowering S ~—— _ _ highV,,
A = AEsTRT
=
> )
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logi,

barrier lowering (1v)

Vo =1.1V
V., =005V
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punchthrough

E.(y)

—Eglk,T

low Vg

== — — — high V,
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punchthrough (ii)

E.(Y)

~ €
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low V,
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punchthrough (i)

surface punchthrough bulk punchthrough
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punchthrough (iv)

VGS
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2D capacitor model
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2D capacitor model (V = 0)

0
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2D capacitor model (Q = 0)

V.=V,=0 V.

®
VG ¢ COX

S COX -1

Cys ] Y ] CDB Vs @
Vi, @ | | ® | | oV, C,+Co+C,
——C,
COX ®
| Vs = Ve
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2D capacitor model (general solution)

4 )
C

P = COXVG +EVS + 22V, +2

CZ CZ CZ CZ
\_ J

recall:
0
VG =ws -
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2D capacitor model (general solution)

4 )
C C C
Po=—2V. +—2V + DBVD+2
CZ CE CE CZ
\_ /
alpS — COX awS — CDB
v, G, v, G,

Wk >> s Cox >>Cpp
oV A

need ¢, << L
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2D capacitor model and S

s/ kpT
I, xe

aID N equ/kBT awS _ ID /COX\ ‘\

oV, k,T1q dV, kBT/ql\ C, /I ifC, =C,_+C,
[ o oVa!mksT > = (COX +Cp )/ Cox
7 =(1+C,/C,,)
! ID n qVe ImkgT q ID #/1 &
@ ¢ mk,, T B k,T /q%(;,n( < 2D electrostatics
(Cpg not negligible)
iIncreases S.
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2D capacitor model and S

qy s lkgT
I, xe

dlog,, I, 1 gy 1 (C,)

C

oV, 2.3,Tlqav, 23,T/qlcC,)

AV, [Cp) <

Alog,, I, =
S0 =S kT iq\ C, )
| _ DIBL=C,,/Cy,
'V
! log,, I, = SG .
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