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Abstract Three kinds of crystaline silicon have been used for the solar cell grade. First of al, single crystalline silicon is
the main subject to enhance the production yield. Most of the efforts are focused on the control of the melt-crysta
interface shape affected by the crystal-crucible rotation rate. The main subject in the multi-crystalline silicon ingot is the
contamination control. Faster Ar gas flow above the melt surface will lower the carbon contamination in the crystal. And
also, twin boundary electricaly inactive is found to be more effective than grain boundary for the improvement of the
MCLT. In the case of mono-like silicon material, propagation of the multi-crystaline silicon growing from the inner side
crucible is the problem lowering the portion of the single crystalline part at the center of the ingot. Crystal growing
apparatus giving higher cooling rate at the bottom and lower cooling rate a the side crucible was suggested as the
optimum solution obtaining higher quality of the mono-like silicon ingot. Proper application of the seeds at the bottom of
the crucible would be one of the solutions.
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Fig. 1. (a) Cross section of the ingot with many small grains and one large grain (b) Digtribution of minority carier lifetime in the

same cross section (Most regions have a low minority carrier lifetime, and only the large grain has a high minority carrier lifetime,)

(c) Cross section of the ingot. No grain boundaries are observed in the cross section. (d) Distribution of the minority carrier lifetime
in the same as-cut cross section. The digtribution of the high minority carrier lifetime is amost uniform except for the growing pattern.
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Fig. 2. A typica didocation region for a S2 mc-Si wafer (8) light image and (b) scanning electron microscope image, arrows appear
as paralel straight lines showing dectricaly inactive twin boundaries. A typical didocation region for a Ref mc-S wafer (c) light
image and (d) scanning electron microscope image.
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Fig. 3. (a) Orientation EBSD pattern image map of a vertical cross section cut at the center of the top of the ingot shown in Fig.

4(a). This map shows the crystallographic orientation of grains perpendicular to the (100) growth direction of the ingot. (b) Enlarge-

ments of parts of the EBSD pattern image map in (a) labeled 1~7 aong with the characteristics of the grain boundaries. The cutting
position is indicated by the yellow line in Fig. 4(a). The area where Si;N, particles appeared is shown by a blue arrow.
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Fig. 4. (a) Directiona growth of poly-Si from a melt cooled a 1 K/min. The white lines in the growing crystal are grain bound-
aries. (b) Directional growth of poly-Si from a melt cooled a 50 K/min. A grain rapidly grew aong the sidewall of the crucible in
the initial stage of growth.
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Fig. 5. CO concentration proles in growth with and without graphite components in the furnace: |—heating, 11—melting/homogeni-

sation, and I11—directional solidication. (a and c) Photos of crystals grown in graphite-containing (left) and graphite-free setup (right).

(b and d) SEM images of top surfaces of crystals shown above. The composition of the surface layer and surface precipitates were
analysed by means of EDX.
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Table 1
Summary of technology development
Advantage weskness Solution
Single crystaline - High efficiency - High production cost - Thermal stress control
- LID effect - Position and tilt control of crucible[5, 6]
- Difficulty of defect - Combination of crystal-crucible rotetion rate [7]
control - Contamination control
- Application of crucible noncontact technology [1]
Multi-crystalline - Low production - Reduction of - Grain boundary control
cost efficiency by defect - Increase of 3 grain boundary density [3]
- High-capacity - Application of crucible noncontact technology [9]
production - Increase of cooling temperature [10]
- Impurity control
- Reduction of atmospheric CO transport [11]
- Disuse of graphite component [12]
- Use of S;N, coated crucible [13]
Mono-like S - Low production - Reduction of single - Hot zone design [16, 17]
cost crystd fraction by - Insulator supplement and cooling increase at bottom
- High efficiency nuclestion from side - Seed orientation control [4]
crucible - Hest loss control

- Ingtallation of insulation partition at hest loss part [18]
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