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Abstract: In this work, the growth behaviors of ZnO thin films on MgO (011) substrates were studied. ZnO films were
deposited on MgO(110) substrates using oxygen plasma-assisted molecular beam epitaxy (MBE). Their surface mor-
phologies were probed by atomic force microscopy (AFM) and scanning electron microscopy (SEM). Elemental con-
stituents at different depths were also analyzed by X-ray photoelectron spectroscopy (XPS) and the optical properties of
the ZnO films were characterized by transmission spectra. The film growth was found to follow a three-dimensional
growth mode and the surface morphologies could be monitored by substrate temperature. The characteristic band gap of
ZnO was found for all the films and the value was little influenced by the substrate temperature. In addition, the evolu-
tion of the structure was examined by capturing in situ reflection high-energy electron diffraction (RHEED) patterns
and ex situ AFM for different growth steps. During the growth of ZnO films, the Zn ions were found to diffuse into the
MgO(110) substrate.
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Figure 1. AFM results. (a) RM Swith different growth tempera-
tures; (b) and (c) AFM images with growth temperatures of 370°C
and 430°C, respectively; (d) 3D AFM view of ZnO with the growth

temperature of 370°C
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Figure 2. Transmission spectra of ZnO films
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Figure 3. RHEED patternsfor ZnO filmswith growth time of (a)
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Figure4. AFM for ZnO filmswith growth time of (a) 0.5 h; (b) 1.0 h;
(c)1.5h; (d)2.0h
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Figure5. Cross-sectional SEM image of the ZnO film.
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Figure 6. XPSresults. Component changes of (a) Zn2p3/2; (b)
Mg2pl/2 at different depthsfor the ZnO film grown at the sub-
strate temperature of 370°C
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