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Thermophysical Properties Required for Numerical Simulation of
Single Crystalline Silicon Growth Processes

WL AT, EREATS, HOPEET, BHEERT, HEAR®eT
RO DA E B LR R BRI 2 LA S SO LR 2T
P i e PN TP R e SR N e

"3 PSR A DT S AR
Hiroyuki Fukuyama *1 Takao Tsukada ™, Masahito Watanabe *"

O HURHR RN R T ZE T & A 7 A T0ER

3

s

Toshihiro Tanaka **, Tetsuya Baba > and Taketoshi Hibiya 6
1 Dept. of Chemistry & Materials Science, Tokyo Institute of Technology

*2 Institute of Muitidisciplinary Research for Advanced Materials, Tohoku University

3 Dept. of Physics, Gakushuin University

i Dept. of Materials Science & Processing, Osaka University

*3 Materials Properties & Metrological Statistics Division, National Institute of Advanced Industrial Science & Technology

*0

Dept. of Aerospace Engineering, Tokyo Metropolitan Institute of Technology

(recieved for publication November 12, 2003)

Thermophysical properties required for numeri-
cal simulation of silicon crystal growth processes
have been investigated from Japanese silicon wafer
producers. Results from the survey are presented for
molten silicon, crystalline silicon and refractory
materials. Thermal transport properties such as ther-
mal conductivity of both melt and crystal are greatly
important. Mechanical properties such as elastic con-
stant of the crystal are required especially at high tem-
peratures. Thermal transport properties of refractory
materials are also essential for the global analysis of
heat transfer in the furnace. However, refractory data

have been kept confidential.
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Fig. 1 Results from the survey on the importance of ther-
mophysical properties of (A) molten silicon, (B) crys-
talline silicon and (C) refractory materials for numerical
modeling of silicon crystal growth processes.
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Table 1 (A) Thermophysical properties of molten silicon required for numerical modeling.
B HE AL\ 24 ()
FRHEN C MERATIC B W TIRE S L OBBREEERFED | FZ 1 0.7X107 N/mK (GREFRE, *H

FEIER LA S BEE D7 4 v T4 v Ik ) PAE)
1 X107 N/mK (RERE)
iR - RENENTIZ B WOREE X CBFEERTNO | 8.85X 10 Pas
BRI LS eE 7 X 10 *Pa-s
7.47 X 10 *Pa-s
R - WEMENTIC B\ CAER 2530 kg/m*”
c BMEEIC KR E BT AYMEETH D IERERE | 2490 kg/m?
DIAYE 2500 kg/m?
NI e < BT I B W TARAIR 1.41 X 10 1/K
CBVRBICRESCEETIYEMECTH D IERESRME | 13X 107K
DIHEL 1.4 X107 VK
PR - REIEATIZ B W TARER 67+1X10* X T(K) W/mK
c BMREBICRE S HET S YMETH D IEHERE | 56 W/mK
DS EH 66 W/mK
- FEEL RIS X —F V/GICEL BIS LTE | 60.0 WmK
DEE (v:E&HE BFHE, ¢ B0 | 67W/mK
TR AL
BPLEeR s REENTIC B VL TARER 23X 107 mYs
CEVERBICKRE(EET MM TH D IEWME | 1.2X107ms
I
Hhgk - FRENRATIC B W TARAIR 1037 J/kg-K
CBREBICRE S HET MM TH D B2 | 970 kg K
PIAEL 1048 J/kg-K
PR C REMEITICB W TAAIR 0.318
BB RESHETIYMEETH D IEMERME | 025
DI 0.3
- BRSO SRR N B 2 5 BB | 0.27
TG R RO BRI TEE T 513 UBEER
X7, 58O L DR R RITIC IZAE
TEBR s (%) - WA B W TARAEK Sc=60 (323v M)
- FERNERRIREL A OENTICATIR, FHCEER | 5X 10 m's
JBOR Y o i EE 4X107"*m’
LR (P, B) c FEEN R =3y M IBES A ORRITICA TR 5% 10 mYs
BREERE * MCZIZ V) % 685 s s .o A mf R 1.23 X 10° S/m
« =3y MBERTEED ST 1.33 X 10° S/m
1.25% 10°S/m
ERE T -5 L LTI EE
Ar T A BB o | - BREARVIZHENRTH D, BEHEEDS I
SiO DB R 2= avitBIF 3RSt E L g
L CAERREEEELZY S AL —Y 3 VICHE 1685 K"
1688 K
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Tl AR B - B SRE IR % IEHEICHEE § 5 - 12 h 3 50.2 kI/mol (1.79 X 10° I/kg)®
2 X 10° J/kg
L.11 X 10° J/kg
1.1 X 10° J/kg
Befl ey ol ) © A DA ZARMEREGORIRPHRE 2 EMICHR | 11°
T 57 DB 10°-20°
Befilfy Gabvy R) | - REETECIRER R, FERORERBHTICIE | 90°
EE X OBBFREREED 7 — 8 D
(B) Thermophysical properties of crystalline silicon required for numerical modeling.
BW LA HEM A LT B il (HE)
R - FEEH, M LORENT, IGTIRRNTICNE 2330 kg/m’
2340 kg/m’
2286.0 kg/m’
2300 kg/m’

e TS g
i Z
BuignRe

#

- RN OBIE R 21T ) ECHEAAIK,
THAHED 7 — & 3 h 8
- BSAHE O, #RAZFEE & OBfRTIEH

(2.5-4.3) X 10°° 1/K BAIERHE°
4X10°° /K"

BRI - R OREBENT AT 9 BT, BHEAAKR, F— | 98.89-943X10727+2.89 X107 ° 7> W/mK
Ny FRERTRED F— Y B35 HERE LD 27.2 W/mK
- BT DAED S S K AT D HEE 12 b8 22.0 W/mK (7 > 1300 K)
< BBITRE O - E 1.515 X 10%7"** W/mK (T < 1300 K)
31 W/mK"
1674 W/mK (273 K), 544 W/mK (673 K),
293 W/mK (1073 K), 25.1 W/mK (1273 K)
YRR < BB HEEO 7 OBiUS AHE O E)SEE 0.16 cm*s "
HE < BUGETELOD 72 O B U D D B 3E 927.4 J/kg-K
1000 J/kg-K
948 4 J/kg-K
900 J/kg-K?
700 J/kg K
FERR A F < BFRIT O 72 D [T BEAR AR 0.55
0.5-0.6
0.46
0.6
Gaw IS < BMENT O 7 DI, BRE TEIBICB T 2R | 077
BMOBBREORERTE T — 2 b HE
R REL c RO, BUSTIFFT O EIE L 22D, K | Cu=1657, C.=0.639, Cua =0.7956,
eI O EME R EIEE NS Su=0.768, S =—0.214, S = 1.26,
- M LHRBHOETH 253, BUEH 51000 | Se = 0352 (HAZ Ci:1 X 10" dyn/en’,
CETOROT—F 2\, S5:1 X107 cm’/dyn)”
- SR, BT T — 5
B AREOfE N, RAEFERE E OBBTHEREO | Young 3 190 GPa(111) ¥
- BMOEN, BT HZEENRNT O 72 O R
TREUR B (B 3R) - BT ISR P o 7o » R 0.13 exp(—2.53 eV/KT) cm’/s
AR EL - KRB RO RN (BRENTH, Z2HRM) | 1165 exp(—2 eV/&T) cm’/s
(HBFRIET) DR EY I 2L —vavt s FCEHE
FEERE (224L) - B R ORI (BRRATH, 2230 K b) 886 exp (—2.132 eV/kT) cm’/s
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(C) Thermophysical properties of refractory materials required for numerical modeling.
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