
GaN, ZnO crystal structure

GaN: a=3.185 A, c=5.185 A  c/a=1.625
ZnO: a=3.250 A, c=5.207 A  c/a=1.602
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•Growth along c-axis  Film growth

•Spontaneous polarization device performance
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Each element in GaN and ZnO is located on neighboring each other in the periodical table. They have the same wurtzite crystal structure . The shape is hexagonal. In this crystal, there is the asymmetric structure along the c-axis as shown in the right.

When we focus on the cation  of Ga or Zn, three bonds in the tetragonal structure downward or upward. We call the former structure ‘Ga or Zn-face polarity, and the latter case ‘N or O-face polarity’. In this talk, I would like to use +c and –c polarity in spite of the material.

I am going to speak this polarity effect both on the film growth and on the device application.



従来のプロセス（製膜方法：MBE)
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In-plane control of polarity

M. Takabe et al., Mat. Res. Soc. Symp. 798, 305 (2004).
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Dipping  a sapphire substrate annealed at 1080oC in H2 ambient into HNO3 solusion
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One method is the treatment in HNO3 solution.

Hydrogen cleaning sapphire was partially covered with a kind of polymer was dipped in the solution. When GaN film is grown on this substrate by conventional MOCVD, we can obtained the samples as show in this slide.

For example, the dice pattern was formed on one substrate as shown here. Inside the circle, GaN with +c polarity was grown and –c GaN film was grown on the others.

When the interface region between +c and –c GaN was expanded, the smooth surface and hexagonal facetted surface was clearly observed.

This picture presents the mapping of c-lattice constant attributed to +c and –c GaN film. Typical c-lattice constant of +c GaN is 5.187A and that of –c GaN is 5.190A. According to the dependence of the c-lattice constant, symbolic Japanese character of Shizuoka Univerisity ‘I’ emerged. 
After dipping this sample in KOH solution, -c GaN region was selectively etched, and vertical facet of +c GaN was found to be formed as shown in this picture.
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