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Research Progress on AIN Single Crystal Growth on SiC Substrate by Physical Vapor
Transport Method

ZHU Yajun, WANG Guodong, YU Ruixian, CAO Wenhao, WANG Shouzhi, HU Xiaobo, XU Xiangang, ZHANG Lei
(Shandong University, Institute of Novel Semiconductors, State Key Laboratory of Crystal Materials, Jinan 250100, China)

Abstract: Aluminum nitride (AIN) is a direct bandgap semiconductor with a ultrawide bandgap width (i.e., 6.2 eV), a high
thermal conductivity (i.e., 3.4 W/(cm-K)), a high surface acoustic rate (i.e., V;=10.97x10° cm/s, V:=6.2x10° cm/s), a high
breakdown field strength as well as stable physical and chemical properties. AIN is an ideal substrate for ultraviolet/deep
ultraviolet (DUV) luminescent materials. AlyGa;yN materials made from AIN can achieve a continuous luminescence in a
wavelength range of 200-365 nm. AIN crystal as one of developed semiconductor materials with a great potential can be used
for high voltage, high temperature and high frequency electronic devices. This review introduced the heteroepitaxial growth
principle of AIN single crystal by a physical vapor transport (PVT) method. Recent research progress on the heteroepitaxial
growth of AIN on silicon carbide (SiC) substrate was represented based on the corresponding studies on the AIN growth on SiC
substrates and the growth of AIN crystals on AIN/SiC substrates and off-orientation SiC substrates. Some challenges and
opportunities of growing AIN single crystal on SiC substrate were briefly described, and the future development of AIN
materials was prospected as well.

Keywords: aluminum nitride single crystal; silicon carbide substrate; physical phase transport; heteroepitaxy
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C lattice

Thermal expansion

Carrier mobilities/ Thermal Breakdown

Lattice constant/A . P 2 ol el Dielectric
Substrate Bandgap/eV  Structure mismatch _ coeffificientx107/K™  (em™-V_-S™) conductivity/  fifieldx107%
a=b ¢ withAINS%  q 4 Electrons Holes (Weem''K' (Veem') oo
AIN 6.20 Wurtzite  3.111 4.978 0 4.2 5.3 1100 14 32 11.7 9.14
4H-SiC 3.26 Wurtzite  3.073 10.053 1.22 4.47 4.06 1000 115 3.7 2.2 9.6
6H-SiC 3.02 Waurtzite  3.081 15.117 0.96 4.5 42 400 101 4.9 2.5 9.7
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Fig. 1
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Fig. 3 (a) Single crystal of AIN grown on SiC'*"; (b) Homogeneous single crystal (about 11 mm in diameter) on AIN substrate
Grown from SiC'*; (¢) Raman spectra of AIN crystals grown on SiC substrates (solid green lines) and homogeneous epitaxy
(dashed red lines)!®; (d) Optical absorption spectra of heteroepitaxy and homoepitaxy grown AINI?: (e) 2 in diameter AIN
crystals grown on SiC substrate!®™!; (f) Homogeneous growth of 2 in AIN wafer (seed crystal is grown on SiC substrate)!®”)
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Fig. 4 (a) Initial growth model for the C-polar growth; (b)
Initial growth model for the Si-polar growth!*"
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Fig. 5 (a) AIN single crystal with thickness of 3 mm grown on 6H-SiC; (b) Cross-sectional view of AIN/SiC interface’”; (c) AIN

single crystal with diameter of 28 mm and thickness of 1.5 mm; (d) A single nucleation center of the crystal plane; X-ray

diffraction rocking curves of AIN single crystals grown on different SiC (e) (002) and (f) (103) reflection
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Fig. 7 (a) Schematic diagram of the growth mechanism of AIN crystal grown on Si-polar surface of SiC substrate; (b) EBSD results
of the cross-section of AIN/SiC; (¢) Molecular model of the Si-polar surface, cross-section (left) and top view (right)*”!
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