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ABSTRACT

Radiation heat transfer was calculated for initial stage of crystal growth in Czochralski crystal
growth system. View factors among surface elements were calculated for the estimation of heat
evolution and all the surfaces were assumed to be diffuse—gray. The values of view factors were
greatly different along the position of surface elements. The dissipated amounts of heat flux from the
melt surface were 3.6 times larger than those from the crystal surface at the initial stage of crystal
growth and this amounts were greater when the surface elements were not considered. The tri—
junction part of the crystal was greatly affected by the melt surface near the crystal.

Consequently radiation heat transfer between surface elements must be considered in order to
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correctly simulate the initial crystal growth.
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Fig 1. Schematic of heat transfer in

Czochralski crystal growth.
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Fig 2. Schematic representation of numbering

surface elements.

Table 1. The physical data for calculation

crystal radius(Cm) 7.
an exposed crucible 10.
height (Cm)

crucible radius (Cm) 19.
crystal height (Cm) 3.
atmosphere temperature (C) 1200.
crystal emissivity 0.592
crucible emissivity 0.59
melt emissivity 0.318
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Fig 3. Schematic diagram of melt—exposed

crucible inner surface.
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Fig 4. Schematic diagram of crystal —exposed

crucible inner surface.
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Fig 5. Schematic diagram of two elements in

an exposed crucible inner surface(case

D.
£ 1,2 39 A48 2% §& 22 depy)
7F A¥ED olzier RE F 5 T34 =
o &
Facizz—Fy g3 =Ty soeeereememminiiiiiinn... (10)
A
F1—4:‘4F4—1

A,
At EYW 84 19 W F

Fio, Fioy Fise ()4 & olg38le 728 4
A 1ieg (8)43 (10)4L o &34 F,
& TSI A7) AT HYAFE (9)2
& ol&st] A Aol 5 Ytk & Fig. 5.
(b)z ¥

Foop=1—2Fp_a
1 .
3 | c
| B '
| 4 |
| 2 b2 | b1
| =1 Lo b
| I ]
S R
| ; f
(a) (b)

Fig 6. Schematic diagram of two elements in

an exposed crucible inner surface(case
1I).
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Table 2. Temperature of surface elements(K)

element temp. element temp.
number number
1 1691.0 17 1692.3
2 1690.8 18 1685.7
3 1691.0 19 1682.8
4 1691.5 20 1681.0
5 1692.2 21 1679.8
6 1693.0 22 1678.8
7 1694.0 23 1677.9
8 1695.1 24 1676.9
9 1696.5 25 1675.3
10 1698.8 26 1672.5
11 1679.2 27 1665.4
12 1665.0 28 1627.7
13 1652.7 29 1630.4
14 1641.4 30 1630.0
15 1629.9 31 1628.7
16 1618.4 32 1625.3
33 16184
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Fig 7. View factor from a surface element on
the crucible surface to the surface

element 11.
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Fig 10. Heat flux distribution at melt surface.
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