ZnO “seed” layers deposited by magnetron sputtering: the effect of the nanoscale morphology on the morphological and optical properties of ZnO aligned nanorods layer grown on it
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The research is concerned with the growth of ZnO aligned nanorods (NRs) layers as antireflection layers on the top of transparent n+-ZnO thin films to reduce optical reflection from the ZnO surface. In the solar cells, the antireflection layer plays an important role in the improvement in the conversion efficiency by increasing the light transmission and suppressing the Fresnel refraction. It has been demonstrated earlier that the arrays of vertically aligned ZnO nanorods grown via hydrothermal processing can be effectively used as antireflection surface layer through increased light coupling [1,2]. It has been reported that nanoscale morphology, controlled through synthetic chemistry, has a great effect on the macroscopic antireflection performance. Calculations suggested that the highly tapered ZnO NRs on Si reduced the reflectance wavelength dependence due to the nanoscale morphology, because the tapering produces impedance matching between Si and air through a gradual reduction of the effective refractive index away from the surface, resulting in low reflection particularly at longer wavelengths and eliminating interference fringes through roughening of the air-ZnO interface. Variation in the nanorod length, presence of a fused ZnO base layer, and introduction of tip tapering all contributed to the decrease in reflectance and the elimination of interference fringes, in good qualitative agreement with experimental results. 
In present work we suggest to develop similar approach for the synthesis of ZnO NRs antireflection layers on the top of conductive n+-ZnO window for thin film solar cells. Conductive “seed” layers have been deposited on Si wafers and glass substrates by RF magnetron sputtering. It has been demonstrated by SEM examinations that morphology of the ZnO NRs is determined not only by hydrothermal synthesis conditions but by morphology of the “seed” layer as well. For example, diameter of ZnO NRs was found to be strongly correlated with average size of the grains in “seed” layer, while grain size in the seed layers was found to be strongly correlated with ZnO film thickness. The finest ZnO grains were observed in very thin “seed”. The thicker “seed” layer the larger grain size. Typical diameter of ZnO NRs of few tens of nanometers were successfully grown on the “seed” layer with smallest thickness of few tens of nanometers. It has been demonstrated that such morphology strongly reduced optical reflectance of the surface. However the effect of the NRs layer in the optical transmittance was more complicated. The effects of ZnO NRs layer on optical properties of the surface will be analyzed and discussed in the presentation.
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