Optical properties of ZnO homoepitaxial thin films grown 
by an rf-magnetron sputtering method
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Wide-band-gap semiconductors such as ZnO and GaN have attracted considerable attention because of their potential in device applications, particularly in UV and blue light emitters. ZnO, furthermore, has been a model material for investigations of excitonic properties because of the large exciton binding energy of 60 meV. Sputtering deposition methods have advantages for the large-area deposition of semiconductor thin films with a low cost; however, the growth of ZnO thin films with high quality has remained as a key subject. In the present work, we have performed homoepitaxial growth of ZnO thin films by an rf-magnetron sputtering method in order to improve the crystalline quality and investigated their excitonic properties. ZnO homoepitaxial thin films with a layer thickness of 4 μm were grown on a (0001) ZnO substrate using a commercially supplied ZnO ceramic plate with a purity of 99.9 % as a target material. The deposition of ZnO thin films was performed at a high growth temperature of 650 ºC. It should be noted that a high growth temperature of 650 ºC is essential in the growth of the high-quality thin films [1]. 
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Figure 1 shows the reflection spectra at 10 K of the ZnO homoepitaxial thin film, ZnO substrate, and ZnO thin film grown on a (0001) Al2O3 substrate. It is obvious that fine structures of the excitonic transitions labeled ExA(1s), ExA(2s), ExA(3s), ExB(1s), and ExB(2s) are clearly observed only in the reflection spectrum of the ZnO homoepitaxial thin film. The observation of the fine structures demonstrates the high crystallinity of the ZnO homoepitaxial thin films. In the photoluminescence (PL) properties of the homoepitaxial thin film, the width of the bound-exciton PL band is very sharp, 1.1 meV, while the defect-related PL band is negligibly weak. Furthermore, under high-density excitation conditions, a PL band originated from the biexciton is clearly observed. 
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Fig.1: Reflection spectra at 10 K of the ZnO homoepitaxial thin film, ZnO substrate, and ZnO thin film grown on a (0001) Al2O3 substrate.








