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SPICE Modeling of CMOS Devices at Liquid
Nitrogen Temperature
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Abstract

Based on the physical phenomena and the experimental results at liquid nitrogen
temperature, the threshold voltage model includes carrier freeze-out phenomenon,
narrow width effects, and short channel effects. The mobility model includes surface
roughness scattering and ionized impurity scattering. Also, a subthreshold current
model includes fast surface traps. All developed models for the liquid nitrogen
temperature are implemented into BSIM and SPICE 2G.6. Simulated and measured
performances of a ring oscillator and a ripple adder in the test chips have a good

agreement.
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Fig. 1 Measured and modeled drain
current characteristics of a W=
45m and L=3.0m n-channel
transistor with Tw=B00A at
liquid nitrogen temperature.
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Fig. 2 Measured and modeled drain
current characteristics of a
W=45m and L=3.0mm p-channel
transistor with Tox=500A at
liquid nitrogen temperature.
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Fig. 3 Measured and modeled threshold
characteristics of a W=45m and
L=3.0im n-channel transistor with

Tox=500A at liquid nitrogen
temperature.
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Fig. 4 Measured and modeled threshold
characteristics of a W=45m and
L=3.0um p-channel transistor with
Tox=500A at liquid
temperature.

nitrogen

29 10004 HAE 3R, 4de Hze
s9g g8 BSIMel &)@ A3, 19 11
& Y=g 2de ¥ SPICE 2G6) 9
% Azols 7]&e) SPICE 2G6% 443
Aspol Mo SAREAC] HEA Feg 2o

of 3 2 810l A| CMOSZ2Xte| SPICE MODELING



VAR FHHEE W 64 5% 19935 9A

Sn3
#51n3.3 IDS versus VGS voscvy Fina.- 2 IDs vif‘sus VGS voE(v)
Tox =520 PN L=3.09 ) Tevasan 4. S0 L339
o - - > T wameensoa] 020 BO =Ll e
%0.0 f s et e ama et e ae : .....
x B S A 1. ST
X a
£ g
B g
= Q
& A S Ry ST AU IS
3] 2
g E
= E=RR R ERCRERE IR o PN - SRS A ) A
PR SRR J-re o1 oo 2 .28
G O e et T AL .18
-8
[ : : : : : : . 1 : P
0.0 : . : : : : 3 N 2. ma 0.0 N o
0.0 2.3 5.0 s 0.0
VES=0. 48 V VGS in volts ves-o.20 v VGS in volts

a8 5 AAALE A W=45m, L=3.0/m,
Tox=500A T#& 2 NMOS A&
A3 Transconductance®] &7 |
o} mdo 93 &4
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Fig. 7 Measured and modeled transcondu—
ctance characteristics of a W=45
mm and L=3.0tm p-channel transis-
tor with Tox=500A at liquid nitro-
gen temperature.
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Fig. 9 Measured and modeled subthresho-
Id current characteristics of a W=
45m and L=3.0im p-channel
transistor with Tox=500A at liquid
nitrogen temperature.
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sured and modeled by modified
BSIM of a W=15.0im and L=3.0/m
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liquid nitrogen temperature.
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