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Table 1 The measured average temperature tc at each height of the crucible(y=0.35 m) C
SEH S 1 R 2 53 S 4 s S 6 A5 7 A58
1 482.3 747.0 856.4 1091.1 1224.7 12925 1 406.0 1 409.6
2 4449 681.6 878.6 976.8 1150.0 1245.0 13222 13913
3 580.2 776.7 991.3 837.7 1240.0 1 380.0 1407.4 1420.5
4 595.0 600.0 948.5 989.0 1110.1 1392.6 1404.0 1410.8
F2 ZTMHMRFE q EH T (y=0.35m)
Table 2 Measured heat flux ¢ distribution(y=0.35 m) W/m?
S M1 WA 2 A3 M 4 M55 WA 6 W7 A58
1 -365.8 -1639.9 1382.6 -1556.2 1550.0 1267.9 -570.4 198.4
2 728.5 12152 1267.9 39029 2 095.6 32953 2411.8 626.2
3 -4 650.0 -1481.8 -3208.5 -1571.7 -1103.6 -1596.5 —443.3 -27.9
4 -3385.2 1550.0 -1227.6 11129 1739.1 449.5 -179.8 378.2
&3 HENEDRE w57 (y=0.35m)

Table 3 Temperature ty distribution of ingot(y=0.35 m) C

S A1 M 2 M 3 S 4 s M6 7 M 8
1 470.5 694.1 901.0 1040.9 12747 13334 1387.6 1416.0
2 468.4 720.8 919.5 1102.7 1217.6 13513 1400.0 1411.5
3 430.2 7289 887.8 787.0 1204.4 1328.5 1393.1 1419.6
4 485.8 650.0 908.9 1024.9 1166.2 1407.1 1398.2 1423.0
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Analytical research and experiment on prediction model of
directional solidification process and phase transition interface:
solar—grade polysilicon

Zhu Xuli', Xie Lianfa?, Huang Danhui', Chen Minkai'
(1.College of Transportation Engineering, Xiamen City University, Xiamen 361008, China; 2.Fujian Yongchun
Shuangheng Aluminum Co.,Ltd., Quanzhou 362619, China)

Abstract; It is difficult to control and predict the solidification process and the morphology of
phase transition interface in sealed directional solidification. The directional solidification (D-S)
process model of solar —grade polysilicon is solved by analytic method, and a high precision
mathematical model of solidification process is obtained. The solidification height, instantaneous
solidification rate and melt temperature distribution can be calculated from the easily measured
heat dissipation temperature and solidification time. By solving the Poisson equation, a 3D model
of phase transition interface was established. It is revealed that the heat flow rate q value on the
side wall of the melt is the key factor to influence the interface morphology, which provided
quantitative analysis basis for solidification process control. The large size (0.90 m x 0.90 m x 0.35
m) ingot casting experiments were carried out using 3303 industrial silicon as raw material in
YITIPV vacuum ingot furnace. For the geometrically symmetric phase transition interface, the
maximum deviation between the mathematical model and the experimental curve is 4.43%; for the
irregular phase transition interface, the maximum deviation is 8.68%, and the solidification process
model is modified according to the experimental results. The prediction accuracy and reliability of
the 3D phase transition interface model were verified by detecting the parameters such as impurity
content, resistivity and minority carrier lifetime, and comparing the typical phase transition
interface morphologies of the four ingots.

Keywords: polysilicon; directional solidification; mathematical model; analytical solution; phase

transition interface
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