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Abstract Recently sapphire crystals are used in LED applications. The Czochralski (CZ) growth process is one of the
most important techniques for growing high qudity sapphire single crystal. A successful growth of perfect single crystals
requires the control of heat and mass transport phenomena in the CZ growth furnace. In this study, the growth processes
of the sapphire crystal in an inductively heated CZ furnace have been analyzed numericaly using finite element method.
The results shown that the high temperature positions moved from the crucible surface to inside the melt and the crysta-
melt interface changed to the flat shape when the rpm was increased. Also the crystal-melt interface shape has been
influenced by the shoulder shape of the grown crystal during the initial stage.
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Fig. 1. Schematic diagram of the CZ growth system for the
sapphire crystal [2, 3].
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Finite element analysis for czochralski growth process of sapphire single crystal
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Melt: 3,030/Crystal: 3,970
Melt: 3.5/Crystal: 17.5
Melt: 1,430/Crystal: 1,260

1,067,700
Méelt: 0.33/Crystal: 0.869

3,500~6,000

0.0475/Dynamic: 0.057

5.0e-6
22,400
147
130

Values
2323
0.048-1.8
200~780
8,930

)

Thermal conductivity (W/(m - K))

Specific hest capacity (J(kg - K))

Thermal conductivity (W/(m - K))
Specific heat capacity (J(kg - K))

Latent heat (Jkg)
Viscosity (Pa- s)
Thermal expansion coefficient (1/K)

Emissivity
Thermal conductivity (W/(m - K))

Specific heat capeacity (J(kg - K))

Density (kg/m?)
Thermal conductivity (W/(m - K))

Specific heat capacity (J(kg - K))

Méelting temperature (K)

Density (kg/m’)
Density (kg/m’)
Density (kg/m

Properties

Materids
Ir crucible

Sapphire

Insulator
RF cail

Thermo-physical properties of the constitutional material for CZ growth system [Ref. 2-4]

Table 1
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Table 2
Geometry and operating parameters used for the calculation
Parts Properties Values
Crucible Height (mm) 170
Inner radius (mm) 82
Thickness (mm) 3
RF coils Height (mm) 285
Inner radius (mm) 180
Thickness (mm) 15
Current Frequency of RF cail (kHz) 8~10
Ambient temp. (°C) 25
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Fig. 3. Smulated temperature distributions of the CZ growth
system at the mid stage.

Fig. 4. Smulated crystal shape of the sapphire during the
growth stage: (a) initial stage, (b) mid stage, and (c) final
stage.
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Fig. 5. Influence of the rpm on the crystal shape during the
mid stage: (&) 1rpm and (b) 10 rpm.
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Fig. 6. Influence of the shoulder type on the crystal shape
during the mid stage: (a) Flat type and (b) round type.

Fig. 7. Comparisons of the smulation results with the experi-
ment results.
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