Sputtered and electrodeposited CIS and CIGS thin films for low cost solar cells.
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Polycrystalline, chalcopyrite CIS and and their alloys with Ga (CIGS) based solar cells have achieved efficiencies of about 19% on a laboratory scale and around 12% for monolithically sub-modules. The present contribution deals with a comparative study of structural, optical and electrical properties of CIS and CIGS thin films grown by either a vacuum and a non vacuum methods. A two-stage growth process consisting on a sequential deposition by sputtering of Cu and In layers on Mo coated glass and a subsequent sulfuration of this multilayer structure in vacuum at 350°C has lead to the obtention of the well known chalcopyrite structure with a preferential orientation in the (112) plane. The films exhibit a high absorption coeffient and a band gap of about 1.45 eV. A non vacuum technic was also used. It consists on a one step electrodeposition of Cu, In and Se. From the morphological and structural point of view, the films obtained are similar to those prepared  by the first technique. The band gap value increase up from 1 eV for the CIS films to 1.26 eV for the CuIn1-xGaxSe2 with x<0.23. The resistivity at room temperature of the films was adjusted to 10 Ωcm after annealing. The films exhibit a coefficient absorption as high as 10-5 cm-1. In conclusion, this study has shown that electrodeposition could be sued to the growth of good quality CIS and CIGS thin films and therfore is a viable and promising route to low-cost solar energy production. 

