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Abstract

In recent decades, the wide-bandgap semiconductor ZnO has attracted much
attention of the researchers because of its many advantages. However, its application
in optoelectronics is still being hindered due to the difficulties in fabricating stable p-
type materials. This work aims at seeking the possibility of p-type doping by using
non-polar structure of ZnO. Both wurtzite ZnO (10-10) and cubic ZnO (001) films
have been grown on the substrates of ZnO (10-10) and MgO (100), respectively, using
molecular beam epitaxy (MBE) and have been characterized by a series of probes,
including in-situ reflection high energy electron diffraction (RHEED), in-situ
scanning tunneling microscopy (STM), ex-situ atomic form microscopy (AFM), ex-
situ X-ray diffraction (XRD) for structural properties and X-ray photoelectron
microscopy (XPS), transmission spectroscopy for chemical component and electronic

property analysis.

The first part of the work shows smooth morphology of ZnO (10-10) films
homoepitaxially grown on the ZnO (10-10) substrate. The morphology is obviously
altered upon the inducing of N dopants. The bonding environments of N atoms are
also found to depend on the ratio of N:O pressure. It is possible to achieve the ideal
case of N replacing O, which is favorable for p-type doping by controlling the

pressure ratio.

The second party of the work demonstrates the growth of cubic ZnO that is
usually fabricated under high pressure using the substrate of rock-salt MgO (100). A
“three-step” approach is adopted for growth and the overlayer is determined to be
ZnO while the buffer interface layer is ZnMgO, both of which is speculated to follow
the same rock-salt registry of the MgO substrate. As cubic ZnO has advantages over
wurtzite ZnO in p-type doing, this work hopefully provides some guidelines for future

research in p-type doing using cubic ZnO films.

Key words: N-doped ZnO; cubic ZnO; homoepitaxy; non-polar plane.
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