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Abstract In this study, a crucible configuration with SiC powder loaded in both the upper and lower regions was
proposed to suppress surface Si desorption and relax residual stress during high-temperature annealing of 4H-SiC wafers.
After annealing at 1,900°C and 750 Torr, the elevated Si partial pressure (24.65 mTorr) and temperature (1,901.0°C) at the
wafer edge successfully prevented surface degradation. HR-XRD analysis demonstrated that the Bragg angle shifted closest
to the stress-free reference value (17.7914°), achieving maximum stress relaxation. The Raman FTO peak also shifted from
7764 cm™ to the stress-free value of 776.9 cm'. Furthermore, wafer warpage was significantly improved, as shown by a
decrease in macroscopic BOW and an increase by a factor of approximately 2.8 in microscopic curvature. XRT analysis
confirmed the conversion of basal plane dislocations (BPDs) into threading edge dislocations (TEDs) near the surface, and
a BPD-to-TED conversion mechanism was proposed.

Key words Silicon carbide, Annealing, Residual stress, BOW, Curvature, Basal plane dislocation, Threading edge
dislocation, X-ray topography
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Fig. 1. Schematic diagram of the hot-zone for the powder stacking configuration of the SiC powder and wafer in the graphite
crucible. (b) Design A: without setting powder in the crucible, (c) Design B: setting SiC powder at the bottom of the crucible, and
(d) Design C: setting SiC powder at both sides and the bottom of the crucible.
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Fig. 2. Simulated hot zone configurations and Si partial pressure distributions for (a) Design A, (b) Design B, and (c) Design C
(left: powder loading; right: Si partial pressure). (d) Radial profiles of Si partial pressure across the 4H-SiC wafer (0~50 mm).
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Fig. 3. Numerical simulation results of 4-inch 4H-SiC wafer annealing with various powder stacking configurations of the SiC pow-
der designs. (a) Simulated temperature distributions on the Si-face of 4H-SiC wafers for designs A, B, and C, and (b) corresponding
radial temperature profiles along the wafer.
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Fig. 4. Optical (top row) and cross-polarized (bottom row) images of 4-inch 4H-SiC wafers after annealing for Designs A, B, and C.
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Table 1
Summary of FWHM values and calculated residual stress (o)
before and after heat treatment
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Fig. 5. HR-XRD 6-scan results of the Si-face after annealing. (a) HR-XRD measurement positions, and 6-scan results (b) before and
(c) after annealing for Designs A, B, and C.
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Summary of wafer bow and curvature values obtained from
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Si-Face
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Fig. 7. XRT analysis of dislocation behavior near the surface (~10 um) of a 4H-SiC wafer annealed with Design C, which showed
the most significant improvement in residual stress among Designs A, B, and C.
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Fig. 8. BPD-to-TED conversion mechanism. (a) Partially separated basal plane dislocations (BPDs). (b) Coalescence of BPDs via
image-force-induced partial contraction. (c) TED segment formation through surface BPD bending onto the c-plane. (d) Line tension-
driven glide of the TED segment.
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