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s . General Context
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Gate-All-Around MOSFETs are
becoming a relevant solution to
reduce Short-Channel Effects
observed in classical CMOS
devices.

kION/IOFF

v

Year of production

u Excellent gate control ability: |5, /Io IS increased.

-'l | W Undoped silicon improves variability.

® Current density increased by making stacked nanowires MOSFETSs [1].

Objective: Evaluate device performances in term of circuit design

‘ Designers must have a predictive compact model
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Sl = Short-Channel Effects Modeling
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1. Threshold voltage roll-off

[ Long-channel J"'[ Short-channel J
e e

Short channel
MOSFET @V,s=1V

threshold voltag threshold voltag

Short channel
MOSFET @V,s=0.1V

Long channel MOSFET

2. DIBL (Drain Induced Barrier Lowering) S
3. Subthreshold swing degradation . g
4. Channel length modulation i

( )

‘ Implementing Short-Channel Effects

in a long-channel /-V model core
. y
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2D Potential Distribution

(" 2D cylindrical Poisson’s equation:
52¢2D(X,,0)+l8¢2])(x,p)+az¢2D(x,p): q n.e%ljp(;’p)
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(" Potential split [4]: bop(x, 0)= 8y (p)+ ¢ (x, )
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B . 9D Potential Distribution
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Results
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» Threshold Voltage roll-off - Long Channel V,,

From [3], the threshold condition
Is defined by setting:

0.47
B TCAD simulations
@ threshold — Model
7 = 27Z'R10_7 _ 045 |
DS - 2 L=1pm
L g.‘ t5,=0.9nm
V4=0.1V
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0.39 |
- Long-channel threshold voltage: )
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Long
VTH — A¢ +ut In gn, R 1 ut Nanowire radius (R)
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Threshold Voltage roll

ﬂe‘oubthreshold drain current : \

-off — Short Channel V;,

Gate Voltage (V)

= The same method is used to solve both the Long and the Short-Channel

threshold voltages:
@ threshold

I ps =

27 R

=107’

L

= The current constant method extracts V;, at the frontier of subthreshold

and moderate inversion regions.
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Threshold Voltage roll-off — Short Channel V;,
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FZD potential is constant in the radial direction p: \

4
ut| 1—exp| —25
[ p( ut jj _ 2107
x(

jexp 6(x,R))  mugmRL
R

AThe integral jexp(
/Analytic solution: \
L

Yzjexp(_¢l(x’R)jdx z2£1n(ut)—£ln(ut+VBI—¢O(R))—Eln(uHVB,—¢0(R)+VDS)+L
ut A A A

de cannot be solved analytically.

Linearization:
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Threshold Voltage roll-off — Short Channel V;,

" Threshold voltage approximated equation: )

)
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Short-channel threshold voltage:
2

Short 1

1% -
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A¢g+b+ut In
gn; RL put
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_ Short Long
AVTH — VTH - VTH

U _/

AV, (V)

Toute reproduction totale ou partielle sur quelque

e

All rights reserved. Any reproduction in whol

Nanowire MOSFET Compact Modeling - Bastien Cousin

suppol
le or in part on

-10 |

20 +

=30 L

port que ce
any m

nedium or use

R=7,4 and 1nm

V4=0.1V
t,,=0.9nm

m TCAD simulations
= Model
0 50 100 150 200 250

Gate length (nm)

© CEA 2008. Tous droits réservés
soit ou utilisation du contenu de ce document est interdite sans I'autorisation écrite préalable du CEA
of the information contained herein is prohibited without the prior written consent of CEA

| 12



e DIBL & Subthreshold Swing degradation
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Channel Length Modulation
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s W, Short-Channel Correction
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The short-channel correction is applied in the long-channel model core [3] as:

Subthreshold Swing degradation V;,, roll-off + DIBL

/

Eq t Ve — AKX AV. V 2L,
C e ) nlzer + Zeon? |4 2250 In| 142 || 2 - WL e +ln(—D’j:0
( 2) ( SCE T ZSCE ) { e ( R H SCE P R

Ipg = L ut’ [ f(zsce Ver = Vs )= f(zsce (Ve = 0)]

Channel Length Modulation
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Short-Channel Correction — Results
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Conclusion

= Based on a usual V;, extraction method, the threshold voltage is
computed both for long and short-channel MOSFETs devices.

= A new analytical, simple and accurate model is developed for:
» Threshold voltage roll-off
» DIBL
» Subthreshold swing degradation
» Channel length modulation

= A short-channel correction is applied in a surface-potential based
model with successful results till L=10nm for R=2.5nm and t_,=0.7nm.

= A unified Short-Channel model is provided for all operative regions
and suitable with circuits simulation tools.
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