Physical limits on the electrical properties of the polycrystalline zinc oxide thin films
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A fundamental role is played by highly transparent conducting oxide (TCO) thin films in photovoltaic technology. Materials like tin oxide, indium tin oxide (ITO) and zinc oxide have been extensively studied and applied as electrodes in thin film solar cells. These materials possess a wide energy band gap (Eg>3.4eV) and are therefore transparent in the wavelength region from about 350 to>800nm, where the long wavelength cutoff depends on the charge carrier concentration. TCO films can be prepared with   resistivities in the region of 1 to5×10-4, only one to two orders of magnitude higher than typical metals. This makes these materials very well studied for transparent electrodes in flat panel displays (liquid crystal, electroluminescence and plasma displays), thin film solar cells, 

microwave oven windows,low emissivity glass thermal solar collectors, etc.
In this paper, contributions of acoustical deformation scattering, ion impurity scattering and grain boundary potential scattering to the conductivity of doped ZnO films have been calculated and simulated analytically in order to deduce the physical limit of conductivity of these films regardless of precise details of the preparation procedure. The results indicate that the grain boundary potential scattering has no significant role in highly doped films. Based on some corrections, dominant scattering due to ion impurity has been developed to explain the upper limit of mobility or the 
lower limit resistivity of doped ZnO thin films.
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