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Abstract

Numerical simulations are carried out for the magnetic Czochralski single crystal growth system. It is

shown that a magnetic field significantly suppresses the convective flow and as the strength of
magnetic field becomes to be stronger, the heat transfer in the melt is dominated by conduction rather
than convection. By imposing a cusp magnetic field, the growth interface shape becomes convex toward
the melt. When the axial magnetic field is imposed, there occurs an inversion of the interface shape
with increase of the magnetic field strength. The oxygen concentration near the interface decreases with
increasing cusp magnetic field strength while axial field causes an increase of an oxygen concentration
at the central region and decrease of that at the edge of the crystal. The results show that the cusp
magnetic field has advantages over an axial magnetic field in the radial uniformity of oxygen as well
as in the additional degree of control.
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Fig.l Schematic of the magnetic Czochralski
system.
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Table 1 Material properties of silicon,

Melt

Thermal conductivity, ky; | 54 W/mK
Electrical conductivity, 0m | 1,25x10° mho/m
Density, Pm 2530 kg/m’
Specific heat, Cm 1000 kJ/kgK
Crystal

Thermal conductivity, k, | 25 W/mK

Electrical conductivity, 0, | 58x10* mho/m
Density, Ps 2300 ke/m®
Volume expansion, B 8 fo
coefficient 141x10° /C
Kinematic viscosity, v 3x107 m¥/s
Surface tension, 8 ¥/ T | _ -4
temperature coefficient 28x10" N/mK
Freezing temperature, Tf | 1683 K
Emissivity, & 0.3

Diffusion coefficient, D a2

of oxygen 5x10™® m%s
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Fig.2 Evolution of the melt-crystal interface
shape.
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Fig. 3 Streamlines(left) and azimuthal velocity
(right) for the various strengths of
axial magnetic fields.
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Fig. 6 Iso-contours of the oxygen concentration for
axial(left) and cusp(right) magnetic fields.
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