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A thermoelastic simulation on the (100) Si-wafer
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Abstract In this study, a thermoelastic stress index of (100) oriented single crystalline silicon wafer
and a relationship between thermal stress and critical plastic deformation temperature were simulated.
The simulated results for the thermoelastic stress index indicated a maximum value on <110> direction
and a minimum on <100>. Then, it could be predicted that silicon wafer is plastically deformable over
1000 K, based on the relationship between the thermal stress derived from the thermoelastic stress

index and the critical plastic deformation temperature.

1. M B 2 FolAA HY AMYE delvlE v o 4
el Wy EAE A bl & dAZ YA

@A AdeE deldes T W= A Fgel &8 olite] JMAY] ANAE ©HA WYL
uel Apaial rfelrt. ML Mxé T ek, ooojabel g-3o] slelAW 44 WY
A rjojelEE -l el FxE slxa gle o] WAFLG, ok A4 AXEL Ex
o Arjxoe R vle AL 7t=c). (concentration of oxygen precipitates)s} 3+~

Aol HelEe vAdxy 4L shAH, FAE zha i 1].

A A o) A gHo] slaiAd H e Fgo] wde) wel, fo)H Y
{11114s o= 244 ALE 2 AR Z7)e 1 JARRE 3, 4, 5 J1XE AH 6
ojct, vk TAHLE o=k 1000 K o) %o A slelHE o] &3l Aol dwbelw, 8 o



72 57, S84

Aw z9z g4 Ao, FF 5 3 Ael
12 QA9 Wy WE sdolzs 3w
EENI ST PR

A AAFE 32 e A Az FAHA
Hye q

MEA M HE AL TAA o), e
AL "A5Aoln, 448, CVD § 2 234
golsie oo 4 3 99 W LeEe
Fd HE vhE LEZ sbd P WAEE A
o2 FeAAL vk oH@ el L £
Aol flo)5 ] QgPe WA, A
22 o|ate] ®w Ao A Y o]Fe 2 s
24 WYL 2As: Aoz dedAm gk
[2,3].

g

d

e A Azl gl 2AWHe &z TAH
Al d&ael AbAl Ay FAe exE 2AHT
Wrtolue}, 4xte] A | 9@ B £
L Frfp mg, 24 HYe PP Xd$l94
A3 DRAM glo] E5E9 4 52 o
&< v, P/N #9 53, capacitorel]l 7%
H A7 295 53 A AF LAl 98
Aol Tt AE 5o 2 dFE Fe
HoZ oAz rh

o
B AT AE (100) d2lE solse) o

HeHAFE BAbskm, o)2¥H fEHE
£3 24 Ay Way WY gy B
Ag mabsho] nore)

2. SApYY

vpe} o] A& g o
™, °:JHJ7§9] 324 A FAAT(Ecns )

511_2{( SII_S]?.)_%SM}

{Pm*+ m*n*+n*?) (1)

o}7]4, S;= compliance, !, m n& direction
cosinesl| sidct. 9 A(1)2HE Zener
Ratio (A)2b3 st A4 o] f==0(5], A
ook Al(2)9 2t

2( Sn"‘Slz)
A= 2
Su ( )

£ Zener Ratior= s 9] 3x14d4 w4
¢ B3I E Fig 13 ze], =z wls}l 1o dig}
B 3w, A& W A JbA] fFEeE E

s 71Ee] e,

Fig. 1. Three types of three dimensionally distributed elastic coefficient in cubic crystal.
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Table 1
The compliance coefficients of Si
Si S S
(cm? 710" dyn)
0.768 —0.214 1.26
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Fig. 2. Elastic coefficient as a function of
direction in the (100) plane.
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Fig. 3. Radial temperature difference in wafer
during unloading.
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Fig. 4. Thermal Expansion Coefficients of
Silicon.
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Fig. 5. Thermoelastic stress index of (100)

oriented Si- wafer.
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Fig. 6. Thermal stresses of (100) Si due to
temperature differences are compared with
critical shear stresses of silicon.
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