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Abstract: The top seeded solution growth (TSSG) method is an alternative technique to grow high-quality SiC crystals
that has been actively studied for the last two decades. However, the TSSG method has different issues that need to be

resolved when compared to the commercial SiC crystal growing method, i.c.,

physical vapor transport (PVT). A

particular issue of the TSSG method of results from the presence of liquid droplets on the grown crystal that can remain

even after crystal growth; this induces residual stress on the crystal surface. Hence, the residual droplet causes several

unwanted effects on the crystal such as the initiation of micro-cracks, micro-pipes, and polytype inclusions. Therefore,

this study investigated the formation of the residual droplet through multiphysics simulations and lead to the development

of a liquid droplet removal method. As a result, we found that although residual liquid droplets significantly apply

residual stress on the grown crystal, these could be vaporized by adopting thermal annealing processes after the relevant

crystal growing steps.
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Fig. 1. (a) The schematic of a TSSG for SiC single crystal.
The droplet remains on the crystal surface after growth. (b) The
residual droplet on the surface of the grown crystal. The droplet
results in stress on the surface of the crystal and initiates
cracks on the grown crystal.
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Fig. 2. (a) Model geometry and mesh (b) and (c) high quality
meshes in the droplet and the crystal domains, and (d) initial
temperature profile.
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Table 1. List of symbols for variables.

Symbol Unit Description
v - Convergence operator
p kg/m? Density
u m/s Velocity
t s Time
P Pa Pressure
T N/m? Viscous stress/shear stress
F N/m? Volume force density
b 1 Phase variable
A K Temperature
€ m Capillary width
/ N Force
A N Mixing energy density
o N/m Surface tension coefficient

Interface thickness function = f(e)
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Fig. 3. Shape evolution of the liquid droplet on the grown
crystal as time.
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Fig. 4. (a) Temperature distribution in the liquid droplet during
solidification and (b) stress distribution in the droplet at room
temperature.
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Fig. 5. (a) Temperature control of crystal growth with fast cooling
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and slow cooling steps and (b) top-view of the grown crystals.

(@ I - - Sample A
§3 8 —sampes
F ] & —-—reference
z AN
1]
c
Q
£
o
@
N
©
£
]
2
e E e
362 364 356 3658 36.0 36.2
20 (degree)
®

4H-SiC

. After growing
Slow cooling

[ l l J [ ! . ' l )
ﬂ I droplet
High stress
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