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Abstract In this research, a ring-shaped silicon carbide (SiC) single crystal manufactured using the PVT (Physical Vapor
Transport) method was proposed to be applied to a SiC focus ring in semiconductor etching equipment. A cylindrical
graphite structure was placed inside the graphite crucible to grow a ring-shaped SiC single crystal by the PVT method. SiC
single crystal ring without crack was successfully obtained in case of using SiC single crystal wafer as a seed. A plasma
etching process was performed to compare plasma resistance between the CVD-SiC focus ring and the PVT-SiC focus ring.
The etch rate of ring materials in PVT-single crystal SiC focus ring was definitely lower than that of CVD-SiC focus ring,
indicating better plasma resistance of PVT-SiC focus ring.
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Fig. 1. Schematic diagram of graphite crucible; (a) Conventional

SiC single crystal grown by PVT method, (b) Ring-shaped SiC

single crystal grown by PVT method; 1-seed, 2-graphite crucible,
3-SiC powder, 4-cylinder graphite.
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Fig. 2. Modified crucible structure; (a) method 1, (b) method 2, (c¢) method 3.

()
Fig. 3. Photograph of SiC seed for PVT method; (a) method 1, (b) method 2, (c) method 3.
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Fig. 4. Grown Ring-shaped SiC ingot; (a) method 1, (b) method 2, (¢) method 3.
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Fig. 5. Grown Ring-shaped SiC wafer; (a) method 1, (b) method 2, (c) method 3 (red dashed circles: crack).
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Fig. 6. UVF image of ring-shaped SiC wafer; (a) method 1, (b) method 3.
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Fig. 7. Absorption of ring-shaped SiC wafer: (a) method 1, (b) method 3.
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Fig. 8. Rocking curve (FWHM) of ring-shaped SiC wafer; (a) method 1, (b) method 2, (c) method 3.
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Table 1

Plasma resistance in CVD-SiC focus ring and PVT-SiC focus ring
Sample Etch depth Etch rate Etch rate

P (um) (nm/min) ratio

CVD-SiC #1 15.41 256.85 1.00
CVD-SiC #2 14.83 247.16 0.96
PVT-SiC #1 12.73 212.24 0.82
PVT-SiC #2 12.70 211.66 0.82
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