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o E{CZTSe) = ~1.0 eV — ~1.0 < £{CZT(S,Se, ) < ~1.5 eV
¢ The control of S/(S+Se) ratio is difficult due to the high volatility
of the anionic components.

« High S/(S+Se) ratios exhibit a deeper defect level and increased
defect density.*
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Results and Discussions

>Simpler and easier composition control than anionic elements

XRD results with various amount of Ge incorporation Band-gap of the CZTGSe thin films
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« XRD diffraction patterns are well consistent with those for kesterite phase. N
« Kesterite peaks shifted to higher 2 theta angle with increasing Ge incorporation. The band-gap of CZTGSe was controlled in the full range of 0 < Ge/(Sn+Ge) < ~1.
« Unit cell of CZTGSe is reduced with Ge incorporation. » The band-gap of CZTGSe is increasing almost linearly with increasing the

« Lattice constant: [CZTSe a = 5.693 A, c = 11.333 A], [CZGSe a = 5.606 A, ¢ = 11.042 A] Ge/(Sn+Ge) ratio.
« XRD reveals Ge atoms well incorporated into the CZTSe. — The band-gap bowing of CZTGSe thin films is small.
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High efficiency CZTGSe thin-film solar cell with efficiency greater than 10% o 1, deficit is similar with CZTSSe thin film solar cell of 11.1%.

*CZTGSe thin films were prepared and their material and device properties were examined.

*The band-gap of CZTGSe was controlled in the full range of 0<Ge/(Sn+Ge)<1.

*The annealing environment containing GeSe, led to improved morphological properties.

*We demonstrated CZTGSe thin-film solar cell with efficiency greater than 10% and a high I/ value of 0.54 V.




