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Table 1 Physical properties of the main materials adopted in simulations
Material Thermal conducjivity, Densit}g Emissivity,  Specific hea_t], Dynamic Visc_?sity/
AMW:(m-K) o/kg'm e Cp/J-(kg'K) kg:(m-s)
AIN 38336607 3235 0.08 1197 -
Powder 25366877 2702 0.08 1197 -
Tungsten  217.334-0.17967+9.749x10°77-1.8718x10°T°  1.78x10* 0.3 132 -
N, 0.00846+6.78x107°7-7.44x10°T* 1250 1170 4.55%10°
e :b
1 Upper resistive heater =
2 Lower resistive heater %
3-5 Thermal insulator ) §
6 Pedestal % g
7 Tungsten crucible % g
8 Pre-sintered AIN powder % é
9 AIN seed crystal =
10 Upper infrared monitoring
11 Lower infrared monitoring
12 Cooling wall i Omm
Furnace bottom
K1 AR RSO 07 78 5 BAN TR 0 s R
Fig.1 Schematic diagram of hotzone in proprictary PVT sublimation reactor!'” (a) and schematic diagram

of crucible at different axial positions (b)
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Fig.2 Processing conditions of homoepitaxial AIN crystal growth
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Fig.3 Simulation results inside crucible for crucible position at 420 mm under positive (left) and negative (right) thermal gradient:

(a) temperature distribution, (b) Al vapor pressure distribution, and (c) supersaturation distribution
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Fig.4 Simulation results of total heater power dissipation and
AIN growth rate (a); upper/lower heater power dissipation

ratio (b) with various crucible locations
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Fig.5 Predicted growth rate profiles along seed crystal and
crucible lid (a); radial temperature profiles along seed

crystal (b) with various crucible locations
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Numerical Simulation and Experimental Research on AIN Crystal Initial
Growth by Homoepitaxial PVT Method

Huang Jiali, Wang Qikun, He Guangdong, Lei Dan, Fu Danyang, Gong Jianchao,

Ren Zhongming, Deng Kang, Wu Liang

(Shanghai Key Laboratory of Advanced Ferrometallurgy, State Key Laboratory of Advanced Special Steel,

Shanghai University, Shanghai 200072, China)

Abstract: We investigated the temperature distribution and mass transfer at the initial homoepitaxial AIN growth stage in a proprietary

and fully automatic physical vapor transport sublimation reactor by FEMAG and an in-house finite element multi-phase mass transfer code,

respectively. Homoepitaxial growth experiment was also conducted based on numerical simulation results. The simulation and experiment

results show the deposition of O, C and H impurities at the initial homoepitaxial growth stage could be efficiently avoided by an inverse

temperature distribution. The crucible position plays a key role in the temperature distribution and mass transfer during the subsequent

AIN crystal growth stage. The optimum distance from the furnace bottom to the crucible is 420 mm.

Key words: AIN single crystal; homoepitaxial growth; initial growth; multi-phase mass transfer; modeling and simulation
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