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Fig. Amount of solar cell production in the world.

Depending on off-grade Si for semiconductor.
o g
Short supply of Si for solar cell.




Metallurgical process
(NEDO SOG-SiI manufacturing process)

First step Second step
MG-SI Plasma meltin
ON Vacuum melting _ g
(Removal of P) with water vapor
D |$ (Removal of B, C)
Directional solidification Directional solidification || 9OG-SI
Removal of Fe, Ti, Al Removal of Fe, Ti, Al 6N

Difficulty in removal of P, B ==» Complicated process

High initial contents of Fe, Ti, Al ==)> Necessity of multiple solidifications

Keeping at high temperature [>
for a long time.

Much low cost process.




Solid solubilities of impurities in silicon
(After Trumbore)
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Fig. Solid solibilities of impurity elements in Si.
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Impurities are unstable at low temperature.
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Possibility of Si refining at low temperature.
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Fig. Phase diagram of Si-Al binary system.
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Solidification refining of Si with Si-Al melt at low temperature,




Segregation coefficient of impurities &
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Fig. Segregation coefficient of P, B between Si and Si-Al
melt.

Effective solidification refining
with Si-Al melt.

Small segregation coefficient of P, B.

High purification ability of solidification with Si-Al melt.
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Fig. Cross section of Si-55.3at%Al alloy
after directional solidification.

Difficulty of bulk Si crystal growth. Acid leaching to collect refined Si.
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Fig. Cross section of Si-Al alloy after
solidification with induction heating.




Objective of this work

- SI crystal growth from Si-Al melt to prevent melt
contamination.

- Investigation of the growth condition of bulk Si
crystal from Si-Al melt.

. Directional solidification

Cooling rate Classification of interface
Temperature gradient = Growth rate




Experimental procedure
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Experimental procedurel
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— Fig. Experimental apparatus. —
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Fig. Phase diagram of Si-Al binary system.
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Results and Discussion




Si growth from Si-Al melt
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Bulk Si crystal can be obtained from Si-Al melt.
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Classification of Si crystal / Si-Al melt na‘ter“face

In-between
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Fig. Relationship between temperature gradient,
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Si growth rate and interface types.

1.6x 103 mm/min
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Estimation of Si growth rate
under diffusion control condition "
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Diffusion control condition

OX Siin Si—Al melt
1 .

V = DSi in Si—Al melt ox
Temperature gradient

OX qiingi_ oT
= Dsiin si-Almelt Py (2) <?

oT

X Melt

oX Siin Si—Al melt
ol

— Inverse of liquidus slope
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Fig. Relationship between temperature gradient,
Si growth rate and interface types.

Good agreement with
experimental results.

Si growth under
diffusion control condition.
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Impurity contents in refined Si

Table Impurity contents in Si (ppmw) and removal fraction.

(ICP atomic emission spectroscopy)

Sample Fe Al Ti B P

MG-1 6040 1950 896 59

MG-2 1500 523 414 70 178
Sample | Source Fe Al Ti B P
Re-1 MG-1 | 31.8(99.5%) | 232(88.1%) | 1.7(99.8%) | 6.9(88.3%)
Re-2 MG-2 | 17.3(98.8%) | 427(18.3%) | 1.3(99.7%) | 7.3(89.6%) | 16(91.0%0)

Solid solubility of Al : 1173K 160ppmw, 1273K 260ppmw

Melt contamination was prevented.
High removal ratio could be obtained.




Conclusion

- Bulk Si crystal could be obtained from directional
solidification of Si-Al melt with very low cooling rate.

- Growth rate of Si crystal, which has flat Si crystal / Si-Al
melt interface, is controlled by diffusion of Si in the melt.

- Al content in refined Si was about solid solubility and
other impurity elements can be removed efficiently.
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Thank you for your kind attention.
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