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Abstract A top-seeded solution growth (TSSG) is a method of growing SiC single crystal from the Si melt dissolved the
carbon. In this study, multiphysics modeling was conducted using COMSOL Multiphysics, a commercialized finite element
analysis package, to get analytic results about electromagnetic analysis, heat transfer and fluid flow in the Si melt.
Experimental results showed good agreements with simulation data, which supports the validity of the simulation model.
Based on the understanding about solution growth of SiC and our set-up, crystal growth was conducted on off-axis 4H-SiC
seed crystal in the temperature range of 1600~1800°C. The grown layer showed good crystal quality confirmed with optical
microscopy and high resolution X-ray diffraction, which also demonstrates the effectiveness of the multiphysics model to
find a process condition of solution growth of SiC single crystal.
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Fig. 1. Modeling of TSSG system with a meshed model for

2] HE 5 2xA0]9} SHEE A2 S5 s A finite element analysis.

Table 1

Materials properties used in the simulations
Parameter Copper Graphite Graphite felt Quartz Si melt
Heat capacity [Cp, J/(kg*K)] 385 750 200 480 1.0 x 10°
Density [p, kg/m’] 8700 3500 120 2200 2550
Thermal conductivity [k, W/(m*K)] 400 175-(300 [K)/T) 0.4 1.1 65
Electric conductivity [5, S/m] 5.998-10’ 3-10° 100 1-10™ 12 x10°
Permittivity [ic, m’] 1 1 1 42 -
Emissivity 0.5 1 1 0.7 0.3
Porosity 1 1 0.884 1 1
Marangoni coefficient, dy/dK - - - - 25x10™
Volume expansion rate, o - - - - 14%x10™"
Dynamic viscosity, 1 - - - - 8§x 107
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Table 2

Process parameters used in the simulations
Parameter Value
Crucible diameter, Ro [mm] 10
Crystal diameter, r, [mm] 10
Crystal rotation, 0., [rpm] 10
EM field frequency, f [KHz] 5~10
Thermal gradient in liquid (high thermal 25%10°

gradient configuration), dT/dz [Km™']

Maximum induction field in liquid, B [T] 20%10°
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Fig. 4. Multiphysics simulation results showing (a) temperature
distribution and (b) fluid flow in the HTCVD reactor.
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