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Abstract The development of manufacturing process of silicon (Si) ingots is one of the important issues to the growth of
the photovoltaic industry. Polycrystalline Si wafers shares more than 60 % of the photovoltaic market due to its cost
advantage compared to monocrystalline silicon wafers. Several solidification processes have been developed by industry
including casting, heat exchange method (HEM) and electromagnetic casting. In this paper, the advanced directional
solidification (ADS) method is used to growth of large sized polycrystalline Si ingot. This method has the advantages of
the small heat loss, short cycle time and efficient directional solidification. The numerical simulation of the process is
applied using a fluid dynamics model to simulate the temperature distribution. The results of simulations are confirmed
efficient directional solidification to the growth of large sized polycrystalline Si ingot above 240 kg.
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Fig. 1. Schematic of the Si-ingot solidification process.

€ Al @ Ede Hasela 34 AIke E0Y, S
Alolle B4 AW St ol FoAlE RS A
3o IO S e w53 A FE
Aol A&l 23 S fAlsh] 28 2dE=
F= W A w59 S FHom Aodn 34 o]
2ol gk Ji=Fes Fig. 13 2 432e) AAA &
Il ol F, 27K WAATE Fol 28] A
< WA Sl J% Wil 22 2=7i7E et
th 88 HY AX &8 Akl AR 4
L9k 22 A5 Ade S7MIE F ATHe6]. ©l
213 D S LEE| B A At Sl
Y Zleelet & vk HE AA 582 =R

W&o we 243} SgelM vad delEe] vd
ol Ao ojEshy] wee 2t HAelx deE
X Ui 2w REE ZHs] 91g A7 ¥ HHs)
7F F83HTH7T).

AAHA DB 2 FHe et 2ok 66 cm’ A
e v z—tr & Aot e S F
e fsl ATs] dAE] | 39 do= AA
E7he} A 1 e AAE W Sudr] fel Fol

A E7M UiRe 86 delEeR Ay 24E A
& A ¥ —3‘%"4 AP SE=RYH &85 9% <o) ¥
wErh FXE A2 we 885 g6l wker] A
o] 70 % 7tge] ARSE, §§ HYE 2Ev 8%
259 oF 10K oldellA ergstent. Wy &g I
SaLE Fl8l =7 sRRRRE AAEZ] ARl SaL

Fig. 2. Configuration of the vertical furnace system.
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Fig. 3. Grid systems of the DS furnace.
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Table 1
Material properties of each component
Silicon Quartz Graphite
Components Ingot Crucible Heater, insulators
Density (p, kg/m’) 2329 2190 2262
Thermal conductivity (k, W/m K) 50 5 42
Heat capacity (C,, J/kg K) Piecewise Polynomial 1525 2050
Viscosity (i, kg/m s) 7.0x10™ - -

Freezing temperature of molten silicon T,, = 1685 K.
Thermal expansion coefficient of silicon By =1.4x 10K
Temperature of cooling water T,, = 300 K.
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Fig. 4. Global temperature distribution in the furnace (t=5 min).
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positions of the Si-ingot.
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