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Magnetic field effects of silicon melt motion in czochralski crystal puller
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Abstract A numerical analysis was performed on magnetic field effects of silicon melt motion in Czochralski crystal
puller. The turbulent modeling was used to simulate the transport phenomena in 8" single crystal growing process. For
small crucible angular velocity, the natural convection is dominant. As the crucible angular velocity increase, the forced
convection is increase and the distribution of temperature profiles is broadened. The cusp magnetic field reduces effectively
the natural and forced convection near the crucible and the temperature profiles of the silicon fluids is similar to the case
of conduction.
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Table 1 Table 2
Definition of ¢, I'; and S, of equation Thermophysical properties of liquid Si
¢ T, S Conductivity k 54 (W/mK)
Heat capacity C 1000 (J/kgK)
oP P
u - He Q(Hea—u) + lg(uea—v)f—fpg Thermal expansion coefficient 3 141107 (K™
0z\ "0z/ ror\ 07/ Oz .
Emmisivity € 0318
AT ﬁ(uea_u) + lg(ruea_v) Melting temperature T,, 1683 (K)
Oz\ o/ ror\ " or Surface tension coefficient y —2.8x107" (N/mK)
2uv, w OP 14 LOW VW W Viscosity pt 7x107" (kg/ms)
W He =t o (W) e ——5 e 6
r Or ror ror r r Latent heat of solidification L 1.8x10" (J/kg)
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J = 6,(-Vo + VxB) (13)
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Fig. 1. A schematic diagram of cusp magnetic field Czochralski
crystal process.
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Fig. 2. Vector plot of cusp magnetic field with r = 33 (cm),
a =30 (cm), and T = 560 (A).
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Fig. 3. Streamline contours with silicon angular velocity W, =
—20 (rpm) and (a) crucible angular velocity W, = 3 (rpm),
(b) W, =6 (rpm), and (c) W, =9 (rpm).
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(@) (b)

Fig. 4. Temperature Profiles with silicon angular velocity W, =
—20 (rpm) and (@) W, = 3 (rpm), (b) W, = 6 (rpm), and (c)
W, =9 (rpm).
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Fig. 5. Streamline contours with W, = -20 (rpm), W, = 6
(rpm), and (a) B = 500 (gauss) (b) B = 2000 (gauss).

(b)

Fig. 6. Temperature Profiles with W, = —20 (rpm), W, = 6
(rpm), and (a) B = 500 (gauss) (b) B = 2000 (gauss).
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