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Abstract Under the influence of non-uniform magnetic field, melt flow in steady state. and oxygen
concentration in unsteady state are numerically investigated. The strength of the applied characteristic magnetic
fields are B=0.1T, 0.2 T, and 0.3 T, respectively. The buoyancy effects due to the crucible wall heating and the
thermocapillary effects due to the surface tention at the free surface are suppressed differentially by the non-
uniform magnetic fields. As the intensity of characteristic magnetic fields is increasing, the recirculation region
in the meridional plane is moving toward the growing crystal, and is diminishing. The oxygen concentration on
the growing surface of crystals is decreasing and the uniformity of the oxygen concentration is increasing as the
intensity of the magnetic fields is increasing.
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Fig. 1. Czochralski flow field and cylindrical coordinate
system.
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Fig. 2. Schematic diagram of non-uniform magnetic
field.
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Fig. 3. Vector plot of non-uniform magnetic field.
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Table 1
Numerical values in the formulation

Crucible radius R=0.095m
Crystal radius R.=0.038m
Crucible depth L=0.095m
Crucible angular velocity Q= 1570 rad/s
(=15rev/min)
Q.=-2.30rad/s
(=22 rev/mjn)
Ho=4mX 1057 H/m
6=1.0%X10"S/m

Crystal angular velocity

\
Magnetic permeability
Electric conductivity

Density p = 2330 kg/1 1_'93
Volumetric expansion a=141x%10
coefficient

Characteristic temperature AT=100K
difference

v=3.0x10"m%s

Kinematic viscosity s
¢,=1.0X10" J/kgK

%pecific heat
hermal conductivity

k=67 W/mK
Melting point T,=1685K
Melt emussivity £=0.318 .
Pull rate of growing crystal ~P=2.117X10 “m/s
Initial oxy§en concentration ~ ¢=759g/m_ ,
Oxygen diffusion coefficient ~ D=3.0X10"m"/s
Oxygen segregation coefficient K,=125
Ox?rgen evaporation coefficient Ce=3.36X10"m/g
Ablation rate A=15%x10"kg/m’s
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Table 2
Nondimensional parameters

B=01T B=02T B=03T
4.72x10*
1.04x107%

Reynolds number Re
Prandt! number Pr

Prandtl number

1
(mass transfer) Pry, 3.0%10" for oxygen

Gr/(Re)? 5.91x10*
PN M9 90 26600
,ﬁlffrfb"é?mﬁ/[ 3.59x10% 7.19x10% 1.08x 10°

Centrifugal pumping

1 3 ”
parameter A 3.14%10" 7.85%10 3.49% 10

Buoyancy

-2 -3 -3
parameter B 2.16X107 5.40%10™ 2.40X10
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Fig. 4. Velocity vectors in a meridional plane.
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Fig. 6. Oxygen concentration field at 3,000 seconds after the starting of the growth.
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Fig. 7. Oxygen deposition rates at the growing surface.
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Table 3
Oxygen deposition rates at the growing surface at 3,000
seconds after the starting of the growth [g/m’]

B=01T B=02T B=03T
Center 20.2 125 12.0
Middle 25.9 176 33.0
Edge 77.9 59.0 41.6
Average 46.6 34.7 34.1
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