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ABSTRACT

This talk is about development of thin film solar cells comprising semiconductor nanocrystals incorporated into p-n junction made of hydrogenated amorphous silicon. 

The effect of Multiple Exciton Generation (MEG) or Carrier Multiplication predicted by Nozik [1] and experimentally demonstrated in spectral measurements [2-4] results in ultra-efficient generation of two or several electron-hole pairs (excitons) in colloidal semiconductor nanocrystals by each absorbed high energy photon. This effect can be used for increasing photocurrent and enhancing the energy conversion efficiency of thin film photovoltaic materials and solar cells. 

The patent pending idea of incorporation of the colloidal semiconductor nanocrystals in amorphous silicon matrix without degradation of their properties opens door to manufacturing of new generation of nanocomposite thin film solar cells with enhanced efficiency [5].  Fabrication of the first amorphous silicon p-n junction using thin film of lead selenide (PbSe) nanocrystals as an intrinsic layer resulted in experimental demonstration of the effect of multiple exciton generation in actual photocurrent [6].    

In order to take full advantage of the effect of Multiple Exciton Generation in high-efficiency nanocrystal solar cells, the photogenerated electrons and holes should be ejected from the nanocrystals and spatially separated by built-in electric field of p-n junction for times shorter than the characteristic time of Auger recombination of biexcitons in nanocrystals. This requires careful optimization of thickness of the nanocrystal intrinsic layer, bandgap alignment in the system and mobility of photogenerated charges in the layer.  The Auger recombination time is about 200 – 300 ps [7]. Therefore, the Auger thickness can be estimated to be around 140-170 nm. 
The required bandgap alignment is achieved by selecting PbSe nanocrystas of proper size. Exchange of oleic acid ligands on nanocrystal surface is used for increasing conductivity of the self-assembling nanocrystal film. It is demonstrated that increasing thickness of the nanocrystal intrinsic layer in several times results in increasing the photocurrent by 3-4 orders of magnitude. However, thickness of the nanocrystal layer is restricted by Auger thickness. Final optimization of the nanocrystal solar cells for maximizing the energy conversion efficiency is in progress.
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