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Abstract Sapphire crystals are used in a substrate of the LED devices. Both Kyropoulos (Ky) and Czochralski (CZ)
growth process are widely applied techniques for growing high quality sapphire single crystal. A successful growth of the
sapphire crystals requires the control of heat and mass transport phenomena. n this study, ‘the growth processes of the
sapphire crystal using the resistivity-heated Ky method and the inductively-heatedd €Z method have been analyzed
numerically using finite element method. Based on the simulation results,sthe melt-erystal interface of the crystal changed
from the concave to the flat shape as the Ky process progressed. In casé of the CZ method,sthe high temperature positions
moved from the crucible surface to inside the melt and the interface changed to thewflat shape when the RPM was
increased. Also the interface shape of the grown crystal has beensminfluenced by the formed shoulder shape at the initial
stage.
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Fig. 1. Schematic diagram of the sapphire crystal growth system:
(a) Ky and (b) CZ mothod [4, 6].
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Table 1

Thermo-physical properties of the constitutional material for Sapphire crystal growth system [4-6, 8]

Materials Properties

Values

Sapphire
Density (kg/m’)

Thermal conductivity (W/(mK))
Heat capacity (J/(kgK))

Latent heat (J/kg)
Viscosity (Pa - s)

Thermal expansion coefficient (1/K)

Emissivity

Insulator Density (kg/m’)

Thermal conductivity (W/(m'K))
Heat capacity(J/(kg - K))

W crucible Density (kg/m’)

Thermal conductivity (W/(m - K))
Heat capacity (J/(mol'K))
Electric Resistivity (nWm)

Ir crucible Density (kg/m’)

Thermal conductivity (W/(m - K
Heat capacity (J/(mol - K))
Electric Resistivity (nWm

RF coil Density (kg/m’)

Thermal conductivity (
Heat capacity (J/(molK))

1780.26
1568.37
1356.47
114458
932.68

Fig. 2. Simulated results of the global temperature distributions
for the Ky growth system.
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Fig. 3. Simulated results of the global temperature distributions
for the CZ growth system.
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(a) (b
Fig. 4. Simulated crystal shape of the sapphire using the Ky method: (a) the initial sta

()
) the mid stage, and (c) the final stage.

(@) (b) ©
Fig. 5. Simulated flow patterns in the sapphire melt using the Ky method: (a) the initial stage, (b) the mid stage, and (c) the final stage.
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Fig. 6. Simulated crystal shape of the sapphire for the CZ system at thefdifferént growth stage: (a) the initial stage, (b) the mid
stage, and (c) the final stage.
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Fig. 7. Influence of the RPM on the melt flow and the crystal
shape for the CZ system at the mid stage: (a) 1 rpm and (b)
10 rpm.
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I

(a)

Fig. 8. Influence of the shoulder type on the crystal shape for the CZ
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Fig. 9. Photographs of the grown sapphire crystal using (a) the

Ky method and (b) the CZ method. (The photographs were

obtained from the Iljin company and the KCC company in
Korea).
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