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Flow Characteristics of Conductive Silicon Melt Under Inherent

Magnetic Field in Directional Solidification
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(1. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. Engreat Precision Machine Co. , Ltd. , Taizhou, Jiangsu 225300, China)

Abstract; Numerical simulation is used to study the influence of the heater-generated inherent
magnetic field on the conductive silicon melt flow in the directional solidification (DS) of multi-
crystalline silicon crystals. The magnitude and direction characteristics of the Lorentz force in the
melt for different heating current connection modes are calculated, and then the pattern and
intensity of the melt flow driven by the Lorentz force are studied. Results show that the induction
intensity of the inherent magnetic field generated by the heater is about 10 ° T, the induced
current density is about 10* A/m’, and the maximum Lorentz force is up to 12 N/m’. Large
Lorentz force is mainly distributed in the upper and side regions of the melt and it can drive the
melt flow to present strong three-dimensional characteristics. Adjusting the heating current
connection mode can significantly influence the Lorentz force distribution and the melt flow. This
research provides a reference for the deep understanding of the dual functions of the heater, i. e. ,
heating and magnetic field control, and for the realization of precise control of the melt flow

during DS process.
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Fig. 1 Schematic of directional solidification furnace
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Fig. 2 Schematic of silicon melt region, graphite heater and three current connection modes
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Fig. 3 Circuit diagram for the three current connection modes
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Fig. 4 Induced current density in the silicon melt for the three current connection modes

L
=]
=]

CooOR—M—~—
Mhonwoih oo

Ca) 03 T 3 Cb) T T30 335
P53 AL i 42 A T 2 RERE A A

58 3 O3 AR

Ce) M 336 T5 M

Fig. 5 Magnetic induction intensity in the silicon melt for the three current connection modes
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Fig. 6 Magnitudes of Lorentz force near the silicon melt surfaces for the three current connection modes
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Fig. 7 Magnitudes of Lorentz force in the silicon melt for the three current connection modes
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Fig. 8 Directions of Lorentz force in the silicon melt for the three current connection modes
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Fig. 9 Silicon melt flow for case of side-counterclockwise and top-counterclockwise

(d)Z=0.01 m A
R A

2571 B K/INAE 264K PRI DAL 10 v 2 2k 1 A IR
IR = VI A N /Nl L 58 N e [ - e
ENRTR

L1125 7 00 o A 2% F 3 422 A O Il kg A A7
T 336 i AT 348 o TS Ay BT ESF T 348 o i e e A 1 3
PR . BB 11 ) P £ o A vl LLR B 98 AR O
SR Z b 22 BB B SRS MR 9 () f
AL Z A AE 2 AH FE IR 9 Ca) FTIEL 10 Ca) T A4 6 17
5 it 3N B AR AE X IR L . R BT 11 Ch) a5 14 To0 3 4 1r
) B Ok it T T DA R B, e Ak B 2 AR R Bh B8 Z Al i
A AT e 2 o I Lt B o A T X £ oA A R 1 AV (R
TE ARG AHEFNE 9(b) (W R sl 254 OR 78 & —FE




70 [ . ]

556 B

() =4k sk & (b)Z=0. 26 m T N
R

& 10

0.01 m/s

()Z=0.13 m i
R A

(d)Z=0.01 mFiH
R

A8 A TS 0 RS HL AL A T 43 ) A RS T e T 45 0 AR 305 R B 49 o e 4 A I sl IR 2

Fig. 10 Silicon melt flow for case of side-clockwise and top-counterclockwise
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Fig. 11 Silicon melt flow for case of side-counterclockwise and top-clockwise
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Fig. 12 Distributions of temperature in silicon melt surfaces for the three current connection modes
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Fig. 13 Distributions of temperature in silicon melt for the three current connection modes
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