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Abstract

Cu,ZnSn(S,Se), (CZTSSe) Is a potentially cost effective candidate for future thin film solar cells (TFSCs). We report the growth of CZTSSe using a hybrid process
Involving the sequential evaporation of Zn and sputtering of the sulfide precursors of Cu and Sn, followed by a selenization step. Two approaches for selenization were
followed, one using a tubular furnace (TF) and the other using a Rapid Thermal Processor (RTP). SEM and EDS were employed to investigate the morphology and
composition of the films. Structural analyses were done using XRD and Raman spectroscopy. Structural analyses revealed the formation of CZTSSe. The effects of
annealing conditions on the morphological and structural properties of the films were investigated.
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Fig.2. XRD patterns of samples selenized in (a) a TF and (b) a RTP, at various temperatures.
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Selenization
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Fig.1l. Cross-sectional SEM images of samples selenized in a tubular furnace (TF) and a rapid thermal
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processor (RTP) at various temperatures: (a) Se-TF-350, (b) Se-TF-450, (c) Se-TF-480, (d) Se-TF-500, Raman shifttem ) ey
(e) Se-RTP-400, (f) Se- RTP-450, (g) Se- RTP-500 and (h) Se- RTP-525. Fig.3. Raman spectra of samples selenized (a) using a TF and (b) a RTP , at various temperatures.
d The samples annealed at lower temperatures shows a bimodal behavior with peaks
 Temperature below 450 °C is not enough for the full conversion of the precursors corresponding to A1 vibrational modes of CZTSe (196 cm™) and CZTS (338 cmY).

to CZTSSe, see Fig. (a) and (e). 3 The A1 mode vibrations of CZTSe are shifted to higher wavenumbers whereas that

 The grain size increased as the selenization temperature Is increased. of CZTS is shifted to lower wavenumbers.

d Compared to TF annealed samples, RTP annealed films are more uniform and

At higher temperatures the spectra consist of only three peaks at 173, 196 and
smoother.

235 cm1 characteristic of CZTSe.

Table 2. Metal composition of the samples selenized using the tubular furnace (TF) at various temperatures.

Conclusion
[Culllzn]— [Cul/l>n] [zn}/i>n] [Culint+{Sn]) The effect of selenization temperature on the structural and morphological properties of
Se-TF-350 2.66 2.31 0.87 1.24 CZTSSe thin films obtained through the selenization of Zn/SnS,/CuS precursors using
Se-TF-400 2.03 1.9 0.93 0.98 a conventional tubular furnace (TF) and a rapid thermal processor (RTP) was studied.
Se-TE-450 134 2 02 151 0.81 The results suggest that RTP selenization method could have some advantages over
Se-TE-480 204 35 171 129 the TF In obtaining smooth, uniform and compact films of CZTSSe at much shorter
Se-TE-500 5 07 303 142 133 selenization time, they also point to the fact that a minimum annealing temperature of

450 °C Is essential for obtaining compact films.
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