A PROGRAM TOOL FOR OPTIMIZATION OF SILICON PURIFICATION PROCESSES FOR SOLAR CELL APPLICATIONS
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Silicon is the main material today for solar cell applications. Initially solar energetics was based on electronic-grade silicon, but the recent rise of it cost resulted in the search of other cheap sources of silicon. Moreover, it was shown that high-pure electronic grade silicon is not required for photovoltaic needs. A purification of metallurgical-grade silicon is the most inexpensive way to produce solar-grade silicon. Since the tolerance of silicon to different impurities can vary on several orders of magnitude, therefore the first task is the determination of tolerable concentrations of impurities in silicon for the given conversion efficiency of solar energy. In addition, the conversion efficiency is determined not only by the total impurity concentration, but also by their chemical state in silicon (in particular, conversion of a recombination active impurity from isolated state to the precipitated decreases its activity). Gettering processes, which are included in the technology of solar cell preparation, are usually used for such impurity redistribution. Therefore the second task consists in the selection and optimization of parameters of gettering processes. In order to solve these tasks we developed a program tool for simulation of gettering processes based on description of solid-state impurity diffusion and formation of chemical complexes, including growth and dissolution of precipitates. The program tool includes thermodynamic model of impurity segregation between different regions of the silicon wafer. The tool also can perform analysis of recombination activity of the gettered sample using calculation of carrier lifetime, which can be used to estimate the efficiency of the simulated gettering process. Using this program tool we demonstrated that solar cell efficiency can be significantly increased by optimal choice of gettering conditions.
