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From the increase of the digital equipments which require high performance, the research dealing with the large-scale
silicon single crystal in the CZ (Czochralski) method has been progressed so far in both experiment and numerical
simulation. To obtain the products with good quality, the melt flow should be thoroughly investigated because the
structure becomes more complicated with the increase of Rayleigh number. Moreover, the flow pattern varies in the
growth process with the reduction of the melt volume. On the other hand, these instabilities can be controlled by
adjusting the crucible and crystal rotational rate because the Coriolis’ force works the flow field. From this back
ground, three-dimensional LES (Large-Eddy Simulation) applying the Smagorinsky model is carried out to
investigate the appropriate melt control condition with different melt aspect ratios. Asaresult, it isfound that the melt
speed to the vertical direction not to be controlled by Coriolis’ force becomes faster and the heat flux to the single
crystal becomes increase, when the aspect ratio is small.
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Fig.1 Schematic diagram of the CZ method.

Table 1 Size of crucible.
Crucible Radius [m | Ry | 3.19x 107
Crystal Radius [m | R, | 1.10x 107
CurvatureRadius | [m] [ Rs | 6.60x 107
Larger Haght [m] [ Hi | 4.04x 107
Smaller Height [m] | Hy | 2.02x 10*

Table 2 Physical properties of silicon melt.
Melt Density kgm’ | 7 [ 252x 10°
Kinematic Viscosity | [m/s]] 7 | 3.00x 107
Cubica Expantion [UK] R | 1.40x 10
a
C

Thermal Diffusivity [m/sg 2.64x 10°
Specific Heat o | 1.00x 10°

[J(kg K)I
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Fig.2.1 Isothermal lines and velocity vectors on the horizontal
plane(z=4.00x 10°Y[m]) at 200s.
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Fig.2.2 Isothermal lines and velocity vectors on the vertical plane
(y=0.00[m]) at 200s.
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Fig.3.1 Isothermal lines and velocity vectors on the horizontal
plane (z=4.00x 10°Y{m]) at 400s.
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Fig.3.2 Isothermal lines and velocity vectors on the vertical plane
(y=0.00[m]) at 400s.
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Table 3 The maximum speed[m/s] on each casein two cases at

200! 1690.5
:
Large aspect ratio on horizontal plane | 4.87x 1072 16895 | —&— Shallow(Case 2
Small aspect ratio on horizontal plane | 4.72x 102 16885 |
a 0 x
Large aspect ratio on vertica plane 1.03x 101 = w75 |
Small aspect ratio on vertical plane 9.38x 102
1686.5 |
Table 4 The maximum speed[m/s] on each case in two cases at 1685.5
400s. -0.12 -0.06 0.00 0.06 0.12
Large aspect ratio on horizontal plane 2.06x 102 i
Small aspect ratio on horizontal plane 2.03x 1072 Fig.6 The temperature fluctuation on z=4.00x 10[m] and
Large aspect ratio on vertical plane 8.63x 103 y=0.00[m] at 400s.
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Fig.5 The velocity fluctuation for z on z=4.00x 10‘[m] and
y=0.00[m] at 400s.
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