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Directional Growth of Bulk Silicon from Si-Al-Sn Melts
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Abstract: To separate primary Si from Si-Al-Sn alloy, directional solidification method was applied in this study.
The effects and mechanisms of the cooling rate, alloy composition, and G/R ratio on bulk Si growth were investi-
gated for optimizing parameters. By using of the constitutional supercooling criterion for single-phase growth from
melts, the effects of Sn addition have been explored as compared with Si-Al and Si-Sn alloys. Finally, with the ap-
plication of electron probe micro analyzer, the microstructure of Si and the distribution of Al and Sn were analyzed.
Based on the obtained results, the directional solidification method is verified to be an effective method to separate
Si from Si-Al-Sn alloy without any metal inclusions. The contents of Al and Sn in bulk Si are almost equivalent to
the corresponding solid solubility. The obtained results indicate that directional solidification method can be an ap-
propriate and effective technique to separate Si from alloy.
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Table 1 Experimental conditions and results

Composition/mol%

Lowering Cooling rate/

Growth

No. : rate/ g ra G/ . rate RI(x10°, ((_3/R)/ , Bulk Si Interface
Si Al Sn (mm-min) (K-min™) mm™) mm.min%) (K:min-mm™) length/mm morphology
J2-1 30.8 59.2 10 0.02 0.063 3.13 1.05 2980.95 1.81 N
J2-2 28.9 56.1 15 0.02 0.063 3.13 0.67 4671.64 1.16 \
J2-3 26.5 53.5 20 0.02 0.063 3.13 0.63 4968.25 1.09 \
J2-4 22.2 47.8 30 0.02 0.063 3.13 0.88 3556.82 1.52 x
J2-5 26.5 53.5 20 0.02 0.076 3.79 0.92 4119.57 1.21 Y
J2-6 24.5 50.5 25 0.02 0.076 3.79 0.95 3989.47 1.24 x
J2-7 22.2 47.8 30 0.02 0.076 3.79 1.01 3752.48 1.33 x
J2-8 30.8 59.2 10 0.02 0.094 4.69 1.15 4078.26 1.28 \
J2-9 26.5 53.5 20 0.02 0.094 4.69 3.87 1211.89 4.33 x
J4-1 28.9 56.1 15 0.04 0.125 3.13 1.76 1778.41 1.52 x
J4-2 26.5 53.5 20 0.04 0.125 3.13 1.71 1830.41 1.47 x
J4-3 335 61.5 5 0.04 0.152 3.79 2.13 1779.34 1.4 Y
J4-4 26.5 53.5 20 0.04 0.152 3.79 9.51 398.53 6.24 x
J8-1 28.9 56.1 15 0.08 0.250 3.13 1.74 1798.85 0.75 x
J8-2 26.5 53.5 20 0.08 0.250 3.13 13.85 225.99 5.97 x
J8-3 24.5 50.5 25 0.08 0.250 3.13 341 917.89 1.47 x
J8-4 22.2 47.8 30 0.08 0.250 3.13 1.55 2019.35 0.67 x

\-Planar interface; x-Rough interface
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Fig. 1 Schematic diagram of (a) graphite crucible, (b) SiC electric furnace with stepping motor, and (c) a temperature profile for
the center of a hot-zone

LIS A, A DI RINLERE S AR T 1 AT
DI, 353 gy, BE G AR IR ERE . k. %
FH TR 25005 M A (EPMA,  Shimadzu 600, H
P NPRE /NS DY Rl B2 N & IR TR ST s o
2 #HRE5iTiE
21 EEHMREKEEREKITAZNE

I EES S0y T BRIERE DL AR BERR B A ke
AR KA PEA R B[ 4541, bhilfs 17 M54
BEG, SZIGSH S 55 A T3 11, Horh R VA 0
THREAE TR EROE 5 T BRIl Loy, PuiAtEmE K
THRE S TR A K S AR R) PR LA

HZR 0 LUE Y, 1 AN [R] IR S 58 45 A1 T LA 3]
FLATAS R ] S i TR S Pt AR R s A
WANSAR A 2243 FH A I P o i B HI L I,
B BAPEE SRS PARTE . 32-3 5 IRk
TESUNE 2(a), 1XFFShEER PN oy, TR Rk
PRRE, REZ N 1.09 mm, THEAHKE Si-Al-Sn &
&, ZHFUN Y, TR SRA] EPMA RS T
FrIARRTIN, 15 2BOCS O U, Wl 2(b). H1i%
KIEH, JURENTITICEE R, 255805,
S5 B 3 W HUATER AR KIS FE AR R R AT LA
5> X () Si-Al-Sn GET8CE T &l 3 Fros it A 4
W ERR LI A, I DL R R 1) R as gl
A7 T3 309 O ) S s 4R 1 0 BIARIR X 3, fEFE
i BRI RR T, AR B D BRI, RS A

K2 (a) J2-3 FE AR T, (0) 7 ALY it 7 UM TR
Fig. 2 Photograph of Sample J2-3 and (b) the backscattered
electron image at the interface between Si and Si-Al-Sn alloy
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