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Prospects and Development of Thin Film Cu ( In ) Se;
Solar Cells by One-step Sputtering Process -
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Chalcopyrite Cu(In,Ga)(Se,S)2 (CIGS)-based solar cells have been leading thin-film material candidates for incorporation in high-efficiency photovoltaic devices. CIGS solar cell
technologies based on vacuum deposited absorber layers have driven the advancements with the highest efficiency records of 22.6% by three-stage co-evaporation. In order to speed up the
mass production development and head toward industrial maturity, we have developed a simplified fabrication-“one-step sputtering” process. One-step sputtering process by using single
quaternary target has been proposed several decades ago, but it usually needed the extra Se supply by post-selenization. In our group, conversion efficiency over 10% by one-step sputtering
without extra Se supply has been demonstrated.

Even though the excess Se concentration (Se/metal>1) in CIGS films can be achieved by using a Se-rich target, Se-deficienent-related defects are still present for the one-step sputtered
samples. This result implies that other factors in addition to the Se concentration may also influence the defect formation and thus cell efficiency. So far, the impacts of the overall Se
concentration on solar cell performance has been studied; however, how the Se is distributed in CIGS films and how the local Se distribution affects the cell performance have not been
clearly understood yet due to the challenges to acquire spatial composition distribution in hundred-nanometer scale. In this study, a promising nondestructive analysis by using field-emission
electron probe microanalysis (FE-EPMA) is first demonstrated to directly probe the Se distribution within the depletion region of CIGS absorbers. We observe that Se-deficient-related
defects are still exist in CIGS films even with high Se concentration but non-uniform distribution, leading to relatively low efficiency (~7%). By correlating photoluminescence spectra and
conductivity mapping with composition distribution, we clarify that the uniform Se distribution is the key factor to suppress the defect formation and to enhance the p-n inversion at grain
boundaries, resulting 1n significant efficiency boost to 12%.

Cu In Ga Se

Eﬁ{ j'b ,ﬁ% Condition rat%] at%] rat%) rat%] Cu/Int+Ga Ga/Int+Ga Se/metal
CIGS target 24.33 18.70 7.81 49.16 0.92 0.29 0.97

Sample A (pristine) 27.43 18.54 1.23 46.80 1.06 0.28 0.88

Sample C (pristine with KCN) 25.69 19.15 B2 4791 0.97 0.27 0.92

Sample D (post-selenzation at 300° C 23.35 17.84 6.59 52.22 0.96 0.27 1.09
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