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Numerical simulation on the 3-dimensional Marangoni convection during
crystal growth of Si/Ge by using FZ technique
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Fig. | KM eFVRETT, A—FOBEKRE (L8 :

Bl F# : BER) cBrE i Si/Ge M A sH L D B
(No02-2) HARMFSE 15 HatE HFhES#ERE (2002-11.2~4 - EIRET)

— 301 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3. BRRUER

1) REX~T L I=HRKOKE

Fig.2 KBEE~T L I=fiROBBFEET B LRELE
BAORFRER LT, HEREEE2 TH b E~Fh 2 %k
BRATIN, ZTOMIIHEL T LA LWABRTH -7,
L bl EVERAE LOBESHRMBE LT D
7o, XHHMEBEIIERE L HICEFILH L oo,

(2) BEE~F yI=EKOXE

Fig.3 KWRBE#E~ T IO A FE Ma=1 X103
BFE0, BEXN(E). HEXM (F) (). BEST () O
EEHENER, BLORESH (). BESH (d) OKIFEwEl
BEEZTRT, 7T MVEMREWT & RISV
Lk Y EELSHRCERESMITITE ETXHO ZRoLH
WERLE, LALAERL, BESAIX=KRBEELRLE,
Zhidya Iy B KE W, HESHOEMREIC
EoT, BELSMBKELEAIN, ZRABEEXRETHZL
ZRLTWS, Fig 4 CREE~T Tt BEE~T
A=A ET D L EORTEEORMRELERLE,
BEEZ<S = HICIVBREEINIEXIBEX~T
Ao L O FRINDHBICHEARAKEL LOLED
MENRYTHDD, BEE~S L To3HOBBITIZE A
CENLT. BEE<T L A=MREERLLRWBEO¥E -
FFE—B L7, Fig. 5 (C5EEEEOBRELER LT, B
ETOXREEDOE L0 ZRTBHHFTH o LRI A R £
BE L BT, 4ERBOTL~EEL L, BICRHSERT
BIONEANBRELTE L,

(3) #K&EREOEE

Fig.5 IZRT & 5 23l AR RN I ERERNOBRKE Y
HICERELRIFT BN TWS, T CTREDY—
{t% B E FoBEEKMEZ Srppm OEWWZWF OB
U7 21T o7, Fig6 CERBREALOV V20D
BRENSFETT, BEBBRHILEL TV L E(Figs)itesie
FER BT BENT Tho0II L., BREEXENT 5
T I L) RARIRHERICIE o T, L LSSl Br
iz od, BESWMIIEAKEZ 2L, SxhoRE M
ZHBI-HIZR LY EEEOHMALEE Bbh b,

4. ®E

FZ =% AV, BB 72 Si/Ge 2 ERT 2 - 0 EBNm R
*B5ENT, BABRPTOMBRNRET ST I=%
T BT B BAERENT 21T\, LT ORREH/,
BEET IO BTIXIIERELS R AHE
EETIZBWTIIERAETHD,

BEES TS AR LY £ L SN IR AR R R
T T HH, FEGRICE, ZRTHMIFR. FEEHE
*27,
REEBBLELTWA X, ABIZIERAFETHoTH,
BRAAR EOBESMIIIERMFFICRY 55,

s P TORBSEEWVCHFRICERIED Z LI D BES
e RRIZIES<,

5. | F Scik

[1] Campbell, T. A. et al., J. Crystal Growth, 226 (2001) 231.

[2] Lappa,M. et al., Int. J. Heat Mass Trans., 44 (2001) 1983.

[3] Shevtsova, V.M, et al., Phys. Fluids, 13 (2001) 2851.

[4] Zheng, Z. et al., Int. J. Heat Mass Trans., 44 (2001) 3765.

[5] Nienhuser Ch., and H.C. Kuhlmann, J. Fluid Mech., 458
(2002) 35.

[6] Imaishi, N. et al., J. Crystal Growth, 230 (2001) 164.

[7} Lan, C.W. et al., J.Crystal Growth, 230 (2001)  172.

— 302 —

> 1% 10-fm/s]

AB=1x107[] 0=0 AC=4x104(] 8=0
(O] (b)

Fig.2 The numerical results at Ma;= 0 and Ma=1 X 10°

(t=100sec). In this figure, (a) shows the temperature (left
half) and flow (right half) fields in the vertical plane,
(b) shows the concentration field of silicon in the vertical

7=0.8

Fig.3 The numerical results at May= 1 X 10* and Ma=0

(t=60sec). In this figure, (a) shows the temperature (left
half) and flow (right half) fields in the vertical plane,
(b) shows the concentration field of silicon in the vertical
plane, (c) and (d) show the temperature and concentration
fields in the horizontal planes, respectively.
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Fig4 The time dependency of velocity when Mar=5 X 10°

and Mag=1 X 10%,
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Fig.5 The time-dependency of the iso-velocity face

when Ma;=5 X 10° and Ma=1 X 10*.
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Fig.6 Effect of upper and lower disk rotation on the silicon

concentration distribution along the growth interface
when Mar=5 X 10° and Ma.=1 X 10* (A C=1 X 10?)
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