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Analysis to Reduce Thermal Stress in Oxide-Single-Crystal during Czochralski Growth

Shigeki HIRASAWA*?, Hiroyuki ISHIBASHI,
Kazuhisa KURASHIGE, and Akihiro GUNJI

*3 Department of Mechanical Engineering, Kobe University,
1-1 Rokkodai, Nada-ku, Kobe-shi, Hyogo 657-8501 Japan

Temperature distributions and thermal stress distributions in a semi-transparent GSO crystal during Czochralski
(C2) single crystal growth were numerically investigated by thermal radiation heat transfer analysis and anisotropy
stress analysis. As GSO has special optical properties, such as semi-transparency at a wavelength shorter than 4.5 pum,
thermal radiation heat transfer was calculated by the Monte Carlo method. These calculations showed that thermal
stress is caused by the radial temperature distribution on the outside of the upper part of the crystal. To reduce this
temperature distribution, the following three manufacturing conditions were found to be effective: use a sharp taper
angle of the crystal, install a lid to the top of the insulator, and install a ring around the tapered part of the crystal.
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Fig. 2 Temperature distribution

Table 1 Thermal properties
Material Conductivity| Density |Specific heat|Emissivity
(W/mK) (kg/m3) JrkgK)
GSO crystal and melt | 2 (crystal) 6700 330 1.0
200 (melt) (> 4.5 um)
Crucible, Ir 139 22300 151 0.22
Insulator, AloOs 8.1 6300 359 0.4
Wall of apparatus, SUS — — — 0.9
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Fig. 4 Radial temperature difference in crystal
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Fig. 5 Radial temperature difference in crystal
during cooling process

Table 2 Mechanical properties of GSO

Young's modulus (GPa) Ex=138 Ey,=68.4 E.=166
Shear modulus (GPa) Gxy = 82.2 Gy, =178.3 Gu =56
Poisson's ratio vxy = 0.7 vyz = 0.28 vzx = 0.13
Thermal expansion (1/K) | ax = 4.8x106 | oy = 14x106 | o, = 6.4x106
Critical stress (GPa) ocx = 0.042 oy = 0.091 Gz = 0.234
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