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ABSTRACT 
The global energy demand is predicted to reach 28 Terawatts by 2050. 
Solar energy can meet a sizeable fraction of this demand. To harvest this 
energy, we propose the fabrication of solar cells from thin films of direct 
bandgap semiconductors composed of earth-abundant, environmentally 
friendly materials. A promising material for low cost, thin film, solar cell 
absorber layers is the quaternary compound of Cu2ZnSnS4 (CZTS), the 
equivalent of CuInS2 with Sn and Zn replacing In that is scarce and 
expensive. Electrodeposition of nanoscale metallic films and annealing in a 
sulfur atmosphere is one of the most promising, low cost green methods of 
synthesis. Dilute aqueous solutions are used, and materials utilization is 
over 90% due to the selectivity and due to the extensive know-how that we 
have on the re-use and recycling of the solutions. In other work, we have 
demonstrated the scalability of thin film solar cells was demonstrated with a 
CuInS2 (CIS) absorber on 30 cm x 60 cm size glass substrates. A 
methodology similar to the one used for the scale-up of electrodeposited 
CIS can be used for the electrodeposited earth abundant materials. Lastly, 
we have successfully fabricated electrodeposited CZTSe and CZTS solar 
cell with 7.3% record high power conversion efficiency for 
electrodeposition. Since the solar cell devices with world record efficiency 
contain both Se and S in the absorber layer, this work on electrodeposited 
CZTSe and on CZTS demonstrates a promising route for the development 
of low cost Cu2ZnSn(Se,S)4 thin film solar cells with even higher efficiency.  
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