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Solar cell research evolves in two directions, different concepts to achieve uphill charge separation and drive an electric current through an external circuit and finding new materials to improve the designs. Goal has been either to enhance the efficiency or reduce the cost of production developing cheaper environmentally benign procedures.
Discovery of photoelectric effect and its explanation was the beginning of photovoltaic science. Since then the materials sector moved from selenium to cuprous oxide and cadmium sulfide. Having understood the mechanism of the photovoltaic diode, the thermodynamic efficiency of a single junction cell was derived and new materials, silicon, gallium arsenide cadmium telluride paved way for higher efficiencies. Alternative approaches, photoelectrochemical cells and their dye-sensitized versions and organic photovoltaics received fresh attention, when the urgency of preparation for a future energy crisis was widely anticipated. The next development was solar cells adopting nano-structured materials and extensive investigations to boost the efficiency and stability of the titanium dioxide based dye-sensitized solar cell. The concept of the dye-sensitized solid-state solar cell, suggested earlier to the popular electrochemical version gained serious consideration once functioning models based on cuprous iodide and cuprous thiocyanate were demonstrated. The next conceptual advancements, was extremely thin absorber solar cell first demonstrated with selenium as light harvester and subsequent use of organic lead iodide perovskites absorbers achieving landmark laboratory efficiencies. The concurrent developments in the area of bulk heterojunction and quantum dot systems also invoked new ideas and nano –structuring of materials. Despite worldwide research effort, none of the so-called nano-solar cells have reached the level of widespread commercialization. Contenders are still single crystalline silicon and polycrystalline cadmium telluride and costly gallium arsenide for limited advanced application. Problems of nanostructured solar cells and possibilities of remedying them will be discussed, highlighting fundamental constraints and practical issues. 
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