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Abstract PVT (Physical Vapor Transport) method has advantages in producing high quality, large scale wafers where
many researches are being carried out to commercialize nitride semiconductors. However, complex process variables cause
various defects when it had non-equilibrium growth conditions. Annealing process after crystal growth has been widely
used to enhance the crystallinity. It is important to set appropriate temperature, pressure, and annealing time to improve
crystallinity effectively. In this study, the effect of the annealing conditions on the crystalline structure variation of the AIN
single crystal grown by PVT method was investigated with synchrotron whitebeam X-ray topography, electron backscattered
diffraction (EBSD), and Rietveld refinement. X-ray topography analysis showed secondary phases, sub-grains, impurities
including carbon inclusion in the single crystal before annealing. EBSD analyses identified that sub-grains with slightly
tilted basal plane appeared and the overall number of grains increased after the annealing process. Rietveld refinement
showed that the stress caused by the temperature gradient during the annealing process between top and bottom in the hot
zone not only causes distortion of grains but also changes the lattice constant.
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Table 1
Annealing conditions of samples
Sample A Sample B Sample C Sample D Sample E
. Temperature 1500°C 1500°C 1600°C 1200°C

Annealing

process Pressure X 80 Torr 80 Torr 400 Torr 730 Torr

condition Time 6 hrs 24 hrs 12 hrs 6 hrs
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Fig. 1. (a) Synchrotron Whitebeam X-ray Topography (SWXRT) image. (b) Enlarged image of selected area.
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Fig. 2. SEM-BSE image and EDS mapping images of AIN (Before annealing).
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Table 4
Refined values and quantity of aluminum nitride, grahite
Contents a-axis b-axis c-axis
AIN original 98 wt% 31A  3.11A  498A
AIN deformed 1 wt% 302A  3.02A  489A
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Fig. 3. Rietveld refinement result. Blue and red line are calculated peak and observed peak, respectively.
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Fig. 4. Schematic of of AIN unit cell showing the direction of basal c-plane and prismatic m-plane, where c-plane can be tilted due
to the local thermal stress during annealing process resulting in sub-grain generation and warpage.
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Fig. 5. Scheme of warpage and following type of stress depending on section in wafer.
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