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Abstract GaN epilayers deposited by the OMVPE method on sapphires with 3 different surface orientations
were investigated by TEM and their differences in microstructure were compared with each other. GaN epila-
yers were grown on the all three kinds of sapphire substrates; however, the best interfacial state and cry-
stallinity were observed in the specimen using a {0001} substrate. The density of defects in GaN epilayers on
{0001} substrates was also less than others. No buffer layer was found at the interfaces of all the specimens;
however, it was observed that the region which shows lattice distortion at the interface was only a few nanometer
wide. Accordingly, TEM investigation revealed that GaN epilayers having some internal defects could be grown
on sapphire {1120} and {1102} planes without a buffer layer, and the hetero-epitaxial GaN films were obtained
from the specimen using {0001} substrates with the microstructural point of view.
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Fig. 1. XRD patterns from the GaN thin films on
three different orientation sapphire substrates. (a)
{0001}, (b) {1120}, (c) {1102}.
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AFM surface analyses of three epitaxial GaN films grown on sapphire C, A, and R planes and sapphire sub-

strates themselves

Orientation  Analysed rea Highest depth
(um’)

RMS roughness  Average height Corresponding

difference (nm) (nm) (nm) figures
Sapphire {0001}:C 2434 2.54 0.343 3.94 -
0.07893 0.714 0.09 0.538 -
{11201:A 2231 35.9 2.09 7.05 -
0.1174 1.53 0.226 1.72 -
{1102}:R 1.732 26.9 1.92 15.6 -
0.1012 1.69 0.300 1.97 -
GaN on {0001}:C 2.297 214 390 138 Fig. 2a
0.005802 70.6 18.6 132 -
on {110}:A  2.100 171 27.2 124 Fig. 2b
0.008399 90.1 19.7 475 -
on {102}:R  2.263 44.9 6.69 25.3 Fig. 2¢
0.007129 27.8 5.58 11.4 -
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Fig. 2. AFM images from the surface of GaN on sap-
phire (a) {0001}, (b) {1120}, (c) {1102} substrates.
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Fig. 3. Cross sectional HRTEM images and a corres-
ponding electron diffraction pattern. (a) GaN-Sapphire
{0001} interface, (b)_GaN-Sapphire {1120} interface,
(c) GaN-Sapphire {1102} interface, (d) electron dif-
fraction pattern from the interface of Fig. 3(a).
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