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Electrical Properties by A Gold (Au) Metal Contact
with Polar Faces of ZnO Single Crystals
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There is currently great interest in ZnO for a variety of electronic and optical application.
Growth of large high quality single crystals of ZnO is important not only basic studies but also
for the application. On such a viewpoint we have grown bulk ZnO crystals by hydrothermal
method and studied their electrical properties.

Several seeds and sintered ZnO nutrient together of a mixture of KOH, LiOH and H,0,
aqueous solution were put into a Pt lining tube. It was sealed and put in an autoclave to hold
at 400°C and 1000 atm. As-grown crystals were obtained about 10 mm in dimension after 2
weeks, and surrounded by (0001), (1011), (1010), (1011) and (0001) faces. They were transparent
and pale yellow in color. The colors almost disappeared when the crystals were grown in an
oxygen rich condition. This suggests that these colors originate in the oxygen deficiency in the
crystal and that oxygen rich condition compensates the deficiency.

On the basic of the Schottky barrier model, the electrical properties of the crystals were
studied by a Au metal contact with a polar face on growth sectors, i.e. the +c, m and —c
sector. Variation of 7-V and 1/C?-V characteristics was observed in the polar face on their
sectors. In the —c (0001) face (O-face) on the —c sector, strong rectifying action was observed
with the 7-V curve, while by the 1/C?-V characteristics, the depletion layer distance (d) and
donor concentration (/N) were estimated about 0.1 m and from 108 to 10'® cm™2, respectively.
In the +c (0001) face (Zn-face) on all sectors, the I- V curves indicated weak rectifying action
or nearly ohmic characteristics. In (0001) face on the +c sector and the m sector the 1/C?-V
almost indicated nonlinear characteristics, and the d and N, were estimated from 0.3 to 0.6 xm
and about 10'" cm™3, respectively.

These electrical properties are related to above the three growth sectors and explained in
terms of the surface species. The Zn surface tend to form a metallic face during crystal growth
and so that the Au contact with this surface make for ohmic conduction. The O surface, on
the other hand, tend to induce the intrinsic defects such as O vacancies, and rectifying
characteristics is the strongest. In the (1010) faces, where both Zn and O are facing to the
growth surface, the electrical characteristics are intermediate among these three sectors.
Similar dependence on the growth sectors was observed in chemical etching patterns.
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