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Three-Dimensional Analysis of Self-Heating Effects in SOI Device

Jun Ha Lee' and Hoong Joo Lee*

**Dept. of Computer System Engineering, Sangmyung University

ABSTRACT

Fully depleted Silicon-on-Insulator (FD-SOI) devices lead to better electrical characteristics than bulk CMOS devices.
However, the presence of a thin top silicon layer and a buried SiO2 layer causes self-heating due to the low thermal
conductivity of the buried oxide. The electrical characteristics of FDSOI devices strongly depend on the path of heat
dissipation. In this paper, we present a new three-dimensional (3-D) analysis technique for the self-heating effect of the
finger-type and bar-type transistors. The 3-D analysis results show that the drain current of the finger-type transistor is
14.7% smaller than that of the bar-type transistor due to the 3-D self-heating effect. We have leamned that the rate of
current degradation increases significantly when the width of a transistor is smaller that a critical value in a finger-type
layout. The current degradation fro the 3-D structures of the finger-type and bar-type transistors is investigated and the

design issues are also discussed.
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Fig. 1. Device layout and 3-D cross-sections of FD-SOI
MOSFET structures

HiE A 2] 2~ Z o] gul 8k8] A] A3 A|435., 2004

24 %10
Viar = 1 +0.8exp(7/600) @
AAzACRE A F7)7F T=300K A0 8
Feg Y= Sl

Fig. 20 &7t e 2 2hj7] S Edx e
52 24 94 852 2ANAM A gy oA AR
YeEith B E &x} A EEo|HE AR, A
29} FAE A3E Jepl= AlEEH1E 23S 2
T UATE H] F2279N &r1er e EWR|2E
Eaﬂc’d 23 ARe 52 =79 s gy EB"Z]
ZEfol] v|ate] ¢ 254%7} Thd= AHE 4L
AT} vpojoj & 2L V0 Vi B5F 1.5V—E— 17t
g defolct. =aQl A HEe SR A WA E =
g 2do YT 2 W =g BB o= Al

A BT FHHoE 2 2g 202 o|Ed ¥
o =89 #A4 Jg 2He dF 550 7 Hslx
webA A7 7 sk o o] Hol et
Zoz dEA ot 7lEEke g ﬂé} e g2 vl
Zo] Az st g g5 A7) olFe] Als
HA #Ho}, ol= A& Atslvto] Ao v]dl] &
AE=7} 10080014 7] wjEo|) Fu2 % 300K
A A& /\].§]_u1-;]_ Ma]ig,] JATE k= z+z}
k(Si0,)=1.40W/K-m 2 k (Si)=148 W/K-me|t}. o] A
o] SOOI _J_z}oﬂ)\i ’Si._ 3]5101 uug o].._ x{sﬂ)@o] 0_]o]
o|t}. Fig. 3lM & 34 Hlojolo] A JgS ¥
3] 3l vle 20AM e &7 2 “‘ﬂm

e EARAALBE D v 6}“‘4 <71 JE EA
AxE e =@el 23} A7 goly] dee) AR
2.0E-04
1.6E-04 @ r
_ : b)
E ool QNRANONNNAGY
3 - ﬁﬁ;/ ~ ©
— < Measure (isothermal )
g 8.0E-05 | ﬁ{ Mea&re(mniso#\en::batypftype)
o (_f o Measure (nonisothermal finger type)
40E-05F 5 weeemass Simulation (isothermal)
: r(_f Simulation (bar type)
e - Simulation {fmger type)
0.0E+00 L~ '
0 0.5 1 1.5
Vds (V)

Fig. 2. Experimental and simulated I-V characteristics in
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Fig. 3. 3-D heat distribution contours for the lattice tempera-
ture at Vg=1.5V
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Fig. 4. The electron mobility across the channel at the
distance of 1.0 nm below the gate oxide
(Vgs= Vds=1.5V)
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Fig. 5.The drain saturation currents with respect to the
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