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Abstract 

Cu2SnS3 thin films were fabricated by sulfurization 

process using NaF addition precursor, and applied to the 

photovoltaic devices. Cu2SnS3 thin films were post-an-

nealed in air on a hotplate and then washed with ammonia 

and deionized water, thereby aiming at improvement of 

the interface property between the Cu2SnS3 active layer 

and the buffer layer. From EPMA analysis, the Cu/Sn 

mole ratios had downward trend from 2.02 to 1.53 with 

increasing the post-annealing temperature. XRD study 

showed that the thin films had a monoclinic Cu2SnS3 

structure. The cell performances had upward trends with 

increasing the post-annealing temperature. The best solar 

cell in this study with temperature of post-annealing of 

300oC showed Voc of 238mV, Jsc of 21.9mA/cm2, FF of 

0.412 and  of 2.14%. 

 

 

1. Introduction 

Cu2SnS3 (CTS) is a promising candidate for the solar cell 

materials of environmental harmony type as low-cost and 

non-toxic. CTS has a direct band gap energies of 0.9-1.0 eV 

and an absorption coefficient in order of 104 cm-1 [1-3]. In 

recent yaers, we achieved the conversion efficiency of 4.63% 

by sulfurization process using the NaF addition precursors [4]. 

However, this value is lower than other chalcogenide-based 

solar cells such as Cu(In,Ga)Se2 (CIGS) [5] and Cu2ZnSnS4-

based (CZTS-based) [6]. It is considered that one of the cause 

of low conversion efficiency is large Voc,def (Eg/q - Voc, Eg is 

the bandgap, q is the electron charge and Voc is the open-

circuit voltage). The values of Voc,def of the CIGS and CZTS-

based which achieved high conversion efficiency were 0.38V 

[5] and 0.58V [6], respectively. On the other hand, the value 

of Voc,def of CTS was 0.65V [4]. In this study, to obtain low 

Voc,def with improvement of Voc, we performed the rinsing 

with the solution which added ammonia to deionized water 

after post-annealing, and investigated the effects of those 

treatments on the characteristics of thin films and solar cells. 

 

 

2. Experimental 

The stacked NaF/Cu/Sn precursors were deposited on a 

Mo/soda lime glass substrate. The mole ratio of the evapora-

tion materials were Cu:Sn:NaF=1.0:0.6:0.075. The precur-

sors were set in a vacuum sealed glass ampoules with ele-

mental sulfur and tin shots. The amounts of sulfur and tin 

were constant at 0.062 and 0.046g, respectively. And they 

were crystallized by annealing in sulfur/tin mixing 

atmosphere for 30 min at 570oC. Next, the fabricated thin 

films were annealed in air on a hotplate for 10min. In this time, 

the temperatures of the hotplate were changed from 100oC to 

400oC. Then, the samples were rinsed with deionized water 

for 20min and rinsed for 10min with the solution which added 

ammonia to deionized water. The solar cells were completed 

by the deposition of a CdS layer of about 50nm in a chemical 

bath, RF sputtering of a thin intrinsic ZnO layer, DC sputter-

ing of a 350nm thick ZnO:Ga transparent conductive layer 

and Al grid contact. These samples were characterized by 

means of EPMA, XRD, Raman, SEM and J-V characteristics. 

 

 

3. Results and discussions 

   From EPMA, the quantity of Cu gradually decreased with 

increasing the post-annealing temperature, and the quantity of 

S gradually increased. Figure 1 shows the compositional ratio 

of thin films. The Cu/Sn mole ratios were in the range from 

1.53 to 2.02, and it had downward trends with increasing the 

post-annealing temperature.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Compositional ratio of the rinsed thin films. 

 

The XRD patterns of the CTS thin films are shown in Fig. 2. 

In all samples, the XRD patterns showed several peaks corre-

sponding to the diffraction line of the monoclinic CTS struc-

ture, and the peak of MoS2 was seen with some samples. Fig-

ure 3 shows surface and cross-section SEM images of CTS 

thin films. The grain sizes and film thickness were approxi-

mately same in all samples. Moreover, some voids were seen 

between CTS layer and Mo layer in several samples.  
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Fig. 2 XRD patterns of the rinsed thin films. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 SEM micrographs of the surface and cross-section of the 

rinsed thin films. 

 

 

Figure 4 shows Voc, the short-circuit current Jsc, the fill factor 

FF, and the conversion efficiency  of the CTS thin film solar 

cells. The values of all characteristics of the CTS thin film 

solar cells had upward trend with increasing the post-anneal-

ing temperature, and they had peaks at 300 oC. The solar cell 

with the highest conversion efficiency in this study demon-

strated Voc = 238 mV, Jsc = 21.9 mA/cm2, FF = 0.412 and  

= 2.14%. 

 

 

4. Conclusions 

   The CTS thin films were successfully fabricated by post-

annealing after sulfurization. The Cu/Sn mole ratios in films 

had downward trends with increasing the post-annealing tem-

perature. In addition, the CTS cell performances were im-

proved with increasing the post-annealing temperature, and 

they had peaks at 300oC. Therefore, it is considered that the 

post-annealing is the useful technique for improvement of the 

cell performances of CTS thin film solar cells.  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 Voc, Jsc, FF and  of CTS thin film solar cells. 
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