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Mixing mechanism of the supplied raw material and effecté of the raw material on melt temperature

in a dduble'crucible Czochralski system using the accelerated crucible rotation technique

Tomonori KITASHIMA, Lijun LIU, Yoshio HASHIMOTO and K01ch1 KAKIMOTO
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Abstract

The transport:mechanism of supplied raw material in a double-crucible Czochralski, system using the accelerated
crucible rotation technique (ACRT) was investigated by three-dimensional and time-dependent numerical simulation.
The calculation’ clarified that use of the ACRT resulted in enhancement of the mixing effect of the supplied raw
material. It is therefore possible to maintain the composition of the melt in an inner crucible during crystal growth
by using the ACRT. The effect of the continuous charge of the raw material on melt temperature was also
investigated.  Our results showed that the effect of feeding lithium niobate granules on melt temperature was small,
since the feeding rate of the granules is small. Therefore, solidification of the melt surface due to the heat of fusion -

in this system is not likely.
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1. Processing parameters

Diameter of crystal [m] 0.06
nside diameter of the inner crucible [m] 0.2

Inside diameter of the inner crucible [m] 0.16
Outside diameter of the inner crucible [m] 0.166
[Depth of the melt [n%} 0.07
Height of windows in the inner crucible [m] -10.02
[Highest temperature of the outer crucible [K] 1480
Lowest temperature of the sidewall of 1465

the outer crucible [K]

[owest temperature of the bottom wall of 1465

the outer crucible [K]

[Temperature of the gas [K] 1300

2. Properties of LiNbO; melt

Melting point [K] 1440
Emissivity [-] o3
Density [kg m™] s x 10’
Viscosity [kg m™'s™) 2.90 x 10
[Thermal conductivity [Wm™'K™'] : 3.09
[Thermal expansion coefficient {K:'] 1.70 x 10°*
Temperature coefficient of surface tension »
N mK] : 3.0x 10
Density of the melted raw material [kg m™] 3.58 x 10°
Diffusion coefficient of melted raw material "
(s 1.0x 10
[Heat of fusion [J kg™'] 4.56 x 10°
Initial temperature of the granules [K] 1000

3. Properties 6f platinum ‘

Specific heat [J kg'K™'] 1.02 x 10°
Temperature coefficient of surface tension »
N m K] 3.0 x 10
Emissivity [-] e 0.2

4. Nondimensional parameférs

IPrandtl numbe.r [ 13.5
IReynolds number [-j 468.4
Rayleigh number [-] 7.2x 10
Grashof number [-] 5.4 x 10°

Table 1 Calculation parameters.
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Fig. 3 Mass fraction distributions on the melt surface
(a), (d), in a vertical plane (b), (¢) and flow fields in a
vertical plane (c¢), (f) at 764 s (a)-(c) and at 780 s
(d)-(f) after the initiation of crucible rotation. The
ACRT was used
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Fig. 4 Mass fraction distributions on the melt surface
(a), in a vertical plane (b) and a flow field in a vertical
plane (c) at 780 s after the initiation of crucible

rotation. The crucible rotation rate was constant at
5.0r. p. m.
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Fig. 5 Mass concentration of the supplied raw
material 1 mm under the melt-crystal interface.

HEEERSE 1 & ORI R B OB K5 T Thd,
BT BRB OSBRI 300K (CREL., (b4 ik B
0.1g/min ELfz, ZNED, HIEBOEEHK /NS, Bk
DYBREPHEEIECERICBVTHRBERED
REZIZEAERLET, REORADOEELITLA
EEFTORNIER DD, koT, =4 TBIF VA
DFE MR TV OF AR I TRIERE
ICBWTEEE A Z DA REME 1T/ &L,

Leve! Temp
1 1465
10 1462.5
1460
1457.5
1455
1452.5
1450
1447.5
1445
1442.5
1440

2N WABNON®O

Fig. 6 Temperature distribution on the melt surface.
(a) The ACRT was used. T; was 1000 K. m was 0.1
g/min. (b) Only the crystal was rotated. T; was 300

m was 0.1 g/min. (c) Only the crystal was
rotated. T; was 1000 K. m was 3.0 g/min.
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