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ABSTRACT A set of global numerical simulations was conducted using the finite—element method
for surface tension temperature coefficient from 0 to 0.35x1073N/m-K, and the effects of the tem-
perature coefficient of surface tension on the silicon crystal Czochralski growth were investigated. The
results show that radial surface flow of the melt driven by the Marangoni effect enhances a large toroidal
roll cell driven by buoyancy, therefore heat transfer ability is increased, both the temperature difference
between crucible wall and crystal across the melt/gas interface and the heater power decrease when
the surface tension temperature coefficient increases. Furthermore, the melt/crystal interface becomes
more convex toward the melt, and the axial temperature gradient in the crystal decreases with increasing
of surface tension temperature coefficient. The average oxygen concentration along the crystal /melt
interface has a minimum value for the conventional Cz furnace and decreases with the gas guide for
the Cz furnace.

KEY WORDS foundational discipline in materials, global analysis, finite—element method, silicon
Cz furnace, surface tension temperature coefficient

* EREABEES 50376078, 50476042 RN H. 2004 4E 8 H 23 HUKFIMH; 2005 4£ 2 A 4 HBME%E.
FXBRRN: TR, B2, BRT 400044, B AF3)H TR%E



396 Mo OB K ¥ #® 19%

FEREMLE, Czochralski(Cz) A KM BF, MR SIMIES RE, AIMBESIENES, &
PR /B RS PR R B0 1A Coriolis 7, SARTE B B R TE 5 A YIN. J1 A R R E 3K 1 BE iR
B RA MBI NS FEEERT T REHEMEAD 03, (EE3EH 3 3 A
EEBE T —AEAN TR (HE, X EEI P A% S hRE ERBANKER.
Kawanishi 25 4 Kanda % ) fl Nakanishi 25 161 fyBF5R 4558, g1 Marangoni UV K31 H
Hh FE e SR B Bk BRI AT T AR E EEMEF; Sabhapathy % [ 1 Chung
o (8] ZERUEAE RIS T Marangoni BN AR SR, HFRE K7 EE RBEIE
% 0.28x10-3N/m K. (B2, FEM AT B ER kLR TRk R R, BRESBSA 5%
PRI B A EAE F, TR A RS Marangoni BUN X 45 5 R ERARBI LM, Kakimotol®! #EAT T H1H
e STRETVE T RS b P B0 B A AT B BB, LR IR 7R REBUY 0.1x107°N/m'K;
TEA SR M — BRI &R B R 1012 T RiER, BRHHRE R IRE R EEE
0.07x10~3N/m-K. 23L I, FE K AR E REEER K AR EHEMH B AT L Si0 WRRER
FE— MR R R 131, FEl, A FERAA RIS TR E K SR B R B
& Czochralski(Cz) B K B A A B 3. 45 o F7 T B DR o e P B M BE O RO T

1 it B &

BEEEE Co Ui ARG 5 LURT SR gy g5 i 1012 sE 24, 4 F B AR 360 mm, B
817 mm, HHRNE R 72 mm, FAER 35 mm, Cz P MERERHEERE To(=350 K), HEFR
By PR2K 51.5 mm, JEEER 2.0 mm GELOEME, HEMEALTHBERE L 11.4 mm 4. HEk
A, SRR (1) SAMBER Y PR FRESER, BENRTESTE, BRREKSH
§h, W2 Boussinesq #E{2l; (2) EA HEESI; (3) ELERAE LRANA K E, B, FEEE
HI Rk SR To; (4) #54k - SR E RN Yang-Laplace J7%; (5) REHK iR E RPN
FE W (0~0.35)x10-3N/m-K, S & Q=05 L/min, [ P=1333 Pa. EAEH TR, HF
A, MYESBRBPUE T 5 3CH (10, 11] AHR.

K TE T XL BT AT B, FET A R o i TR B o R A R B SR TR
MEE7E 1.1 mm/min Z247, RCE RS H7E 0.08 mm/min MUA. ZERMFRIBSRIAFZMAET,
HWEG T ARER ¢ RFR, HELH: uv=1/r)0¥/dz,v = —(1/r)0¥/0r.

2 HRE5WR

2.1 HH; Cz PAAK

B 14T HHERE Co P ARMEL TRRNSEEMN (EN). BENFRERR
SR - SERE LR AMRsIR RS (BN). EE la o, REKTRERFATF, BiK
MOV SN Fh ¥R 13K S, TFEIE 1b o, REHRE REON 0.35x107°N/m K, AR R 3h b S
FIBE S H B A IR, TEX RS T, 4 M PO ER AR 7E— R B §1 7 T e R G, T AR
v B A E B, SRR

£ f S E L Marangoni ZUNIRSH . IHHREE [ E R A RE R SFEERE K INEE
FIH KT INR, $5 R BRI Sk, HENHREIREE V. SREEK (H 22); BT
[ R EAB AR 37 1 5 1R AT R BT FIAR T, sk P e oy T B £ R L MR, e AR R
o WK (B 3a); BRALHIR PRI SIS EH 7 T Y S5 %, — 77 T S LA S R B SR BE O 6 45
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L T, {5 R SR T T e A, 5 R T AL S Y TR R BE R BE (0T /02) S0/, 4RI 2b (I
H 8, N4 RE ORI AR SRR AR Z %) A 3b R F—J7E B TR BB, 4
A P B SR o RS BIBRAL, MR P B B IR BE MR IR, B AR B R ERIRE 0T KR
/b, DRGSR RS TR

REKSTEE RFO AT Rk P EIRE (Olave WM LER S % 7,.=0 B, REH
i R L R B AR AR, AR AR E A R AR A B R E S A E. FU, ST
ERBERR. 4% & Marangoni VA, REH i AH LFAREREEMIFEXR, HERFEY
YEpRRE B B R B4 R A, R R E SR TR B2, YREKNEERE . #
i 0.07x1073N/m-K J&, v, BRGNS AE T & H 4R BE T B T 0 T LR BE AR AR 22 ol B el R %
WL R, B SR E R B R (B 3c).

1 ¥M Cz AR SRE. HEASHEREAEE - AT EBHBRIIKES
Fig.1 Isotherms in hot zone, contours of stream function and the gas flow vectors above the
melt/gas interface in conventional Cz furnace. ATi = 1K, AT, = AT; = 5K, AV =
0.15%10"%m3/s. (a) 7; = 0; (b) 7, = 0.35x1073*N/m-K
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Fig.2 Tangential velocity distributions along (a) the free surface and (b) the melt/crystal in-

terface shape in conventional Cz furnace
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Fig.3 Effect of the temperature coefficient of the surface tension in conventional Cz furnace
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B4 41 TEAESKESRESEE Cz PARKKFERENN EMN). Bk RS RHES
itk - SEFE LROSERSHEER (H0). EX# Cz 'R, I BRBEIRNTS
THRGHEE BRE, £H BRE L= — MR YIRS, ER7ERER A bR RTr s
AR HAEE S, % v, =0 B, SRS —MRETE T ek iR (B 4a); YR E BAEH
Marangoni 7B, #B4N S5 AR IO R VIR 07 AR, (8 Sk AR T TN EN 17 16 e
IR BB, 2 7,=0.14x1073N/m K B, RAESEAR TR/ M K I P PR T 3 9 [ 5
Figh, FERERAIRIT, HARRSIEARBANRINANNRATS (B 5a), HREKITR
B R iR 0.25x107°N/mK J&, H B R E MBLIRET$t 7 B o ik s £ gl BARE
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4 BESESHRN Cz PRARNSERE. HENSREBEMEE - HEFE ERHHER
B AT, = 1K, AT, = AT: =5 K, A¥ = 0.15x10°m?/s

Fig.4 Isotherms in hot zone, contours of stream function and the gas flow vectors above the
melt/gas interface in Cz furnace with gas guide. AT} = 1K, AT, = AT, =5K, AV =
0.15x10"%m3/s. (a) v; = 0; (b) 7p = 0.35x1073N/mK
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BT H i FE_E B Marangoni 20 3RS [0 5 & i 3R T W 3 S ] SR IR S8 B iR
T HINRETEt I T e B I, T SR B B ik P B O TR R B R B BN, K U B B
Uinax WK (A 5a); BB, TR LA SE o B R BE AL P 405 0, 1D, O 0 T O T P, 5 7
T ALk o A R BE 6 BE R/, ST 5b A 6b; [RTRRT, IR Bl 3R {5 P B o R B o R R
AL, i o B MR B R, B AR B R IR E OT M/, IS IR RS TRE. i
FREAAKHE B FE ERREEEFEFELERAE, BETHERERERTKARER

BT T RE (B 6e).
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Fig.5 Tangential velocity distributions along the free surface (a) and the melt/crystal interface
shape (b) in Cz furnaces with gas guide
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Fig.6 Effect of the temperature coefficient of the surface tension in Cz furnaces with gas guide
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