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Fig.1 Schematic structure of hotzone in Czochralski silicon

single crystal growth furnace
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Table 1 Physical properties of the main materials used
in simulation
Property Value
0.46 (crystal), 0.507 (melt), 0.2 (steel),

Emissivity 0.7 (graphite), 0.2 (steel),
0.55 (insulator), 0.7(quartz)
75(T/300) **?exp(-5.3x10"(T—300)) (crystal)
Thermal
. 64 (melt), 5.82 (quartz), 15 (steel);
conductivity/ 0.01842.5500° T(A
W {m K)* Ole+a. (A”)

105(T/300)*%exp(~3.5x104(T-300)) (graphite)

Thermal expansion

-6
coefficient/K™ 52107 (crystal)

Specific
1084.66 tal), 1000 It
heat/J {kg &) (crystal), 1000 (melt)
Density/kg m™ 2284.86 (crystal), 24200 (melt)
Melting
temperature of 1683
silicon/K
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Table 2 Crystal growth conditions

Crystal Total Crystal Crystal
diameter/mm load/kg length/mm  rotation/r min™

Crucible Argon Furnace
rotation/r min™  flow/L min™ pressure/Pa shield and melt/mm

Distance between

200 120 1450 8
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Fig.2 Conductive heat fluxes along boundary
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Table 3 Values of power consumption at different
material/structure

Material/structure Power consumption/kW

Graphite ring 72.38
Lower insulator cap 71.61
Lower insulator ring 70.66

Support insulator 66.3

Lower insulator 72.21

Pedestal protector 61.38
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Fig.3 Relationship between top graphitefelt insulator layers

and power consumption
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Fig.4 Relationship between middle graphite felt insulator layers

and power consumption
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Fig.8 Temperature gradient around melt/crystal interface
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Fig.6 Comparison of flow/temperature field in melt/crystal
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Arc Length along Internal Crucible Boundary/m
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Power Consumption in Czochralski Silicon Single Crystal Growth Process
for Photovoltaic Application through Numerical Simulations

Deng Xianliang, Ren Zhongming, Deng Kang, Wu Liang
(Shanghai University, Shanghai 200072, China)

Abstract: Factors influencing the heater power consumption on 22 inch hotzone in TDR-95A-ZJS Czochralski crystal growth furnace for
photovoltaic application were analyzed by numerical modeling and simulations. Based on numerical simulation results, hotzone
optimization through structure and graphite insulator layout modifications targeted for heater power reduction was proposed. Physical
crystal growth experiments show that the heater power consumption is reduced by 29% after hotzone optimization while the crystal quality
remains very similar to the ones obtained by original hotzone.
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