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The quaternary chalcogenides like Cu2ZnSnS4 (kesterite) and related compounds have recently 
attracted much attention as prospective photovoltaic materials. These direct band gap p-type 
semiconductors contain only abundant and non-toxic elements, so they can be viable alternative to 
other chalcogenide compounds such as CdTe and CuInGa(S,Se)2 which are used as absorbers in 
thin film solar cells. The 10% efficiency was reported for photovoltaic devices using kesterite [1]. 
Structure of these compounds is of adamantine-type with a specific cations distribution over the 
crystallographic positions [2]. The energy stability of different structures that  I2-II-IV-VI 4 
compounds could take, was studied theoretically [3,4]. X-ray and neutron diffraction has been used 
to find crystal symmetry and cations positions for Cu2ZnSnS4 and Cu2ZnSnSe4 [5]. Rietveld 
analysis indicates disorder within Cu-Zn layers in kesterite-type structure, resulting in a significant 
concentration of CuZn and ZnCu antisite defects.  

Biswas and Zunger [6] investigated theoretically multivalent behaviour of Sn in Cu2ZnSnS4. Tin 
assumes different oxidation states on different crystallographic sites and creates deep levels for 
some charge states: +IV oxidation state if located on its native sites, +II when substitutes for Cu, 
and +II or +IV (depending on the Fermi level position) when Sn substitutes for Zn. On the Zn site, 
it creates a deep level in the band gap due to a +IV→+II transition inside the band gap. This can be 
crucial for the recombination processes of photogenerated carriers and may be detrimental for 
device performance. So, it is important to confirm or to exclude possibility of Sn related defects and 
especially SnCu and SnZn anti-site defects. A significant (0.3 Ǻ) change of the ionic radii for 
different charge states of Sn is expected [6]. The X-ray absorption fine structure (XAFS) technique 
is well suited to reveal such Sn states.   

In this report we present results of the XAFS study at the Sn K-edge in both XANES and EXAFS 
range of energies. This XAFS study of kesterite-like compounds is one of a few attempts to find the 
local order in these compounds. 

Powder samples have been made from small Cu2ZnSnS4 single crystals. XAFS measurements have 
been conducted on powder samples by the transmission technique at the HASYLAB synchrotron 
facility in Hamburg (X1 beamline). A Si(111) crystal monochromator has been used for the 
measurements at the Cu and Zn edges and Si(211) at the Sn K-edge. The samples were kept at 
temperature of 80 K. 

Fig.1  presents the near edge absorption spectra for Sn K-edge compared to the spectra for SnS and 
SnS2 reference samples. Sn valence in these compounds is +II and +IV respectively. The position of 
the absorption edge of all studied samples agrees very well with the edge position of SnS2 which 
indicates the +IV oxidation state of Sn atoms in Cu2ZnSnS4. This corresponds mostly to Sn located 
on Sn native sites and excludes substantial concentration of SnCu antisites. Moreover, this shows 
that, if present, SnZn antisites have only the +IV oxidation state. 

Analysis of the data in the EXAFS range was carried out using IFFEFIT package with ATHENA 
and ARTEMIS modules [7]. The scattering amplitudes and phases used in the fitting procedure 
have been calculated using FEFF 8 program. Fig.2. shows the Fourier transform of EXAFS 
oscillations taken at the Sn K-edge absorption spectra and the best fit in which we used 
crystallographic positions of the atoms in Cu2ZnSnS4 [5] as the starting set of fitted parameters. 
Generally, the best fit values of the parameters are close to those expected from diffraction type 
data, especially the nearest neighbor distance Sn-S was obtained to be 2.41±0.01 Å. This 
corresponds well to the theoretically estimated value of 2.43 Å for Sn at +IV oxidation state [6] 
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Fig.1. Sn K-edge of Cu2ZnSnS4 (CZTS) compared to the reference compounds spectra. 
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Fig.2. EXAFS at the Sn K-edge for Cu2ZnSnS4. 

In conclusion, we found that tin in p-type single crystals of Cu2ZnSnS4 exhibits prevailingly the 
+IV oxidation state. 
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