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Abstract Solar energy has attracted big attentions as one of clean and unlimited renewable energy. Solar energy is
transformed to electrical energy by solar cells which are comprised of multi-silicon wafer or mono-silicon wafer. Mono-
silicon wafers are fabricated from the Czochralski method. In order to decrease fabrication cost, increasing a poly-silicon
charge size in one quartz crucible has been developed very much. When we increase a charge size, the temperature control
of a Czochralski equipment becomes more difficult due to a strong melt convection. In this study, we simulated a Czochralski
equipment temperature at 20 inch and 24 inch in quartz crucible diameter and various charge sizes (90 kg, 120 kg, 150 kg,
200 kg, 250 kg). The simulated temperature profiles are compared with real temperature profiles and analyzed. It turns out
that the simulated temperature profiles and real temperature profiles are in good agreement. We can use a simulated profile
for the optimization of real temperature profile in the case of increasing charge sizes.
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Table 2
A simulation condition

Quartz crucible Poly silicon charge

diameter Hot zone size [Kg]
20 inch 20 inch hot zone 90 120 150
24 inch 24 inch hot zone 150 200 250

Fig. 1. The position of temperature sensor in simulated tem-
perature contour map of grower.
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Table 1

Physical properties for simulation
Item Conductivity [W/m/K] Specific heat [J/kg/K] Emissivity
Graphite 6.5+85.5exp(—0.0009T) 2416.6T/(258.6+T) 0.7
Insulator 0.15 516+0.634T 0.8
Quartz 0.56+0.049exp(0.002T) 753.9 0.85
Si (solid) 23.8+314.4exp(—0.0036T) 744.7 0.9
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Fig. 2. The temperature profiles as a function of the ingot body length in 24-inch quartz crucible.
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Fig. 3. The shifted temperature profiles as a function of the ingot body length in 24-inch quartz crucible.
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Fig. 4. The schematic diagrams of quartz crucibles and ingots with different lengths and same remaining melt size: (a) 200 mm,
(b) 800 mm, (¢) 1400 mm.
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Fig. 5. 24 inch temperature profile as a function of solidification fraction ratio.
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Fig. 6. The temperature profiles as a function of the ingot body length in 20-inch quartz crucible.
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Fig. 7. The shifted temperature profiles as a function of the ingot body length in 20-inch quartz crucible.
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Fig. 8. 20 inch temperature profile as a function of solidification fraction ratio.
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Fig. 9. Comparison of temperature profile between 20 inch and 24 inch at 150 Kg.
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Fig. 10. Schematic diagram of relative position between Quartz
crucibles and heater (Left side is 20inch and Right side is
24 inch).
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