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ABSTRACT

A suppression of turbulent fluid motion and a control of oxygen and dopants could be improved by
application of magnetic field in Czochralski growth of silicon. The effect of an axial magnetic field on
Czochralski system was numerically calculated. The fluid motions induced by temperature gradients
and by crystal and crucible rotations were suppressed by magnetic force. The S/L interface was
gradually flattened in proportion to the increase of magnetic field due to a reduced ascending velocity
in the vicinity of center line. The temperature distributions in the melt at B=0.3 Tesla were similar to
those analyzed by the conduction heat transfer only. The dissipated amounts of heat flux from melt

and crystal surfaces by Ar gas blowing was less than 3%.
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Fig. 1. Schematic diagram of CZ single crystal

growth system.
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Table 1. The properties of Si for numerical calculation

Conductivity(W/m K)

Quartz 1.040exp(8.423 x 107*T)

Graphite 149.9—-1.411 x107'"T+6.791 x 107 °T?— 1.077 x 10 *T3
Silicon(liquid) 54.

Silicon(solid) 98.89—9. 429 x 107 2T +2.889 x 10 °T?

Heat Capacity(J/kgK)

Quartz 900.

Graphite —522+46.22T—7.522x107*T*+4.566 x 107 °T*—1.04 x 10 "°T*
Silicon (liquid) 1000.

Silicon(solid) . 1000.

Density (kg/m?)

Quartz 2200.
Graphite 1770.
Silicon(liquid) 2530(1.+1.41 x104(TL—T))
Silicon (solid) 2339—-2.951 x107°T
Emissivity
Quartz 0.59
Graphite 0.9
Silicon(liquid) 0.318
Silicon(solid) 0.64(T <1000), 0.9056—2.616 x 10 *T(T>1000)
Melting Temperature (K) 1683
Latent Heat (J/kg) 1.801 x 10°
Surface Tension (J/m?) 0.885—-28x10"4T~-T.,)
Viscosity (kg/m sec) 7x107*
Magnetic field strength (Tesla), B 0—-0.3
Crystal Radius (m), r, 0.07
Crucible Inner Radius (m), ra 0.1965
Crystal Height (m), h, 0.07
Melt Height (m), hn 0.1895
Crystal Rotation Rate (rpm), w, 0, —10, —20
Crucible Rotation Rate (rpm), w. 0, 5 10
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