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Abstract In this study, we have investigated the preparation conditions of 45x45x20 (mm)
square cross-section sapphire single crystal by the modified heat exchanger method using water
as a coolant. Melting and solidification processes were optimized by the systematic change of

the chamber pressure with the heater temperature. As a results, solidification temperature was



between 1960 and 1970°C. The crucible was formed by handling. Therefore its shape should had
the ‘spiral type’ ear at edge of its side. Heat exchanger affected to the temperature distribution

and gradient of molten alumina. Heat flux and unmelted seed were controlled by volume of

heat exchanger. Voids were controlled by the cooling rate of the heater below 0.2°C/min.
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Fig. 1. Schematic diagram showing the cut-
ting efficiency with the growth directions
and crystal shapes. (a) Case of <0001>
growth direction with the circular cross-sec-
tion, (b) case of <1120> or <1010>
growth direction with the circular cross-sec-
tion, (¢) case of <1120> or <1010>
growth direction with the square cross-sec-
tion and two sides of crucible wall with
(0001) planes.
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Fig. 2. Experimental apparatus for growth.
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Fig. 3. Schematic diagrams of the gmolybde—
num rod used as the f)eat sink material (a)
without neck, (b)~(d) with neck. Dimen-
sion of Mo rods are (a) @ 20 mm, / 60 mm,
(b) head of @ 20 mm, /5 mm and neck of
@ 5 mm, /20 mm (c) head of @ 20 mm, /5
mm and neck of @ 5 mm, / 40 mm, and (d)
head of @ 10 mim, /5 mm and neck of @ 5
mm, / 40 mm.
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Fig. 5. Cruible shapes and the resulting sapphire crystal shapes. Cases of (a) parallel type, (b)
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spiral type (0.1 mm thickness), (c) spiral type (0.3 mm thickness).
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Fig. 6. Effects of the heat exchanger shape
on the sapphire crystal quality. (a) case of
Fig. 3(a) (maximum temperature : 2170°C),

. (b) case of Fig. 3(b)(maximum tempera-

ture . 2170°C), (c¢) case of Fig. 3(¢) (maxi-

mum temperature . 2160°C), and (d) case

of Fig. 3(d) (maximum temperature : 2120
).
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Fig. 7. Grown Sapphire crystals with the
cooling rates of (a) 0.4°C (b) 0.2°C (c) 0.1
°C (d) 0.05C./min.
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