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Silicon Crystal Pulling from the Melt of Si—45mass%Ni Alloy

Takumi KOYAMA, Minoru IKEDA, Yasushi SHIBUTA and Toshio SUZUKI

Synopsis : Silicon crystal pulling from the melt of Si-45mass%Ni alloy is performed as a model experiment of a silicon solidification refining process

with silicon alloy melts. A needle-like silicon crystal is successfully grown, using a seed crystal with a (211) crystallographic orientation to

the pulling direction, which is poly-crystalline contains a large number of twins inside. A rod-type crystal with Si-Ni eutectics engulfed in-

side is also obtained. Appropriate ranges of melt superheating and pulling velocity for crystal growth are estimated to be from one to five de-

gree Celsius and from 0.018 to 0.15 mm/min, respectively. It is necessary to decrease the pulling velocity to less than 0.03 mm/min for ob-

taining the sufficient epitaxial growth on the seed crystal.
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Fig. 1. Schematic drawing of experimental setup.
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Fig. 2. Silicon dendrites growing along the melt surface.
The degree of undercooling is 9.9°C.
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Fig. 3. Macro- and micro photographs of a rod-type crys-
tal grown at degree of superheating of 3°C and
pulling velocity of 0.1 mm/min. Silicon crystal cov-
ers the outer surface of the crystal and silicon-nick-
el eutectics are engulfed inside. (a) wide side view,
(b) narrow side view, (c) the cross section in the
narrow side view and (d) micro-photograph of the
cross section at the crystal end.
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Fig. 4. Video images during crystal pulling at degree of
superheating of 1°C and pulling velocity of
0.019 mm/min. The meniscus of the melt rises in
the vicinity of the contact line with the seed crystal
and, the corresponding area is round shaped and
distinguished by its brightness. Timings are: (a)
Omin, (b) 160min, (c) 320min and (d) 480 min
after the start of crystal pulling.
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Fig. 5. Macro-photographs of a needle-type crystal whose
pulling process is shown in Fig. 4. The silicon crys-
tal has grown until the end of crystal pulling. (a)
wide side view, (b) narrow side view and (c¢) the
cross section in the narrow side view.
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Fig. 6. SEM image and EBSP images of the grown crystal
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shown in Fig. 5. (a) SEM image, (b) EBSP images
and (c) EBSP image at the cross section indicated
as a line A in the RD image at (b).
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7. Detailed EBSP images of the the grown crystal
shown in Fig. 5. (a) and (b) are the images at the
areas marked as B and C in Fig. 6.
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