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Abstract  The ternary semiconductor, copper tin sulphide (Cu4SnS4) is considered to be a promising absorber layer in the 
development of thin  film heterojunction solar cells due to its optimum physical properties. Further, it contained more 
abundant and cheaper elements that are environmentally  safe to handle. In the present study, Cu4SnS4 (CTS) films were 
deposited by co-evaporation technique at various deposition temperatures in the range 200 –  350℃. The effect  of substrate 
temperature (Ts) on the growth o f CTS films  was investigated. The structure, composition, morphology and optical p roperties 
of the films were studied using appropriate techniques. The X-ray diffraction analyses revealed that all the deposited films 
were polycrystalline and showed the (221) plane as the preferred orientation. The energy dispersive spectroscopy analysis 
indicated all the three elements, Cu, Sn and S. The grain size of the films was varied in the range 180 – 350 nm. The average 
optical transmittance of the films was found to be ~ 80% in the visible region and the evaluated optical band gap of the films 
increased from 1.70 eV to 1.93 eV with the increase of substrate temperature.  
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1. Introduction 
Polycrystalline th in film so lar cells using  CuInGaSe2 

(CIGS) and CdTe as absorber materials have proved to be 
potential candidates for photovoltaic solar cell fabrication 
with the demonstrated  efficiencies>15%[1, 2]. Although 
solar cell modules based on these materials are commercially 
available in the market, however, these cells are facing few 
serious prob lems that might cloud their prospects in  the 
future. The availab ility of In and Ga in the case of CIGS and 
the toxicity of Cd in CdTe-based cells are considered to be 
the det racto rs  o f thes e technolog ies  fo r large scale 
production of the modules with more public acceptability. 
Therefore, attention of researchers is diverted towards the 
investigation of novel and new photovoltaic materials that 
are freely availab le in nature at low cost and likely to replace 
these front runner materials in the future. Among the many 
materials that have been studied in recent years, the ternary 
semiconductor, copper zinc tin sulphide (CZTS) is proved to 
be an important alternative with  the conversion efficiencies > 
10%[3, 4]. But it is a quaternary material where the elements 
involved had  a large variation  in  the vapor pressures. A 
ternary or binary compound with similar properties to CZTS 
will be more useful. In  this context, copper tin  sulphide (CTS) 
is considered  to be one of the potent ial materials as an 
absorber layer in solar cells because of its optimum physical  
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properties such as energy band gap and optical absorption 
coefficient[5, 6]. Further, it contained more abundant and 
cheaper elements that are environmentally  safe to handle. 
Moreover, the investigations reported on the deposition and 
characterizat ion of copper tin sulphide layers is very meager. 
Copper-tin-sulphide system exists in different stable forms 
and the prominent of them are: Cu2SnS3 with the disordered 
cubic structure and Cu4SnS4 that exists in orthorhombic 
structure[7]. The present investigation is aimed to deposit 
Cu4SnS4 (CTS) films by a simple co-evaporation technique 
using CuS and SnS as precursors. The composition, structure 
and optical properties of the grown films  were studied in 
relation to the substrate temperature and the results 
discussed.  

2. Experimental Details 
Thin films of copper tin sulphide were formed on glass 

substrates by vacuum co-evaporation technique. A Hind Hi 
Vac Box Coat ing system was used for the deposition of the 
films at a vacuum better than 10-5 Torr. 5N pure SnS powder 
and CuS were used as the starting materials to grow the films. 
The materials were taken in two tantalum boats connected to 
two separate heating sources. The boats were covered with 
quartz wool in  order to  avoid splattering of the materials. The 
temperatures of both SnS and CuS sources were maintained 
at the predetermined values for the evaporation to occur. 
After getting the required evaporation rate, the two shutters 
over the sources were moved sideways for the deposition to 
take place. Ult rasonically cleaned Corning glass was used as 
the substrates. The layers were deposited at various substrate 
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temperatures (Ts) that vary in  the range, 200–350℃. The 
source-substrate distance was maintained as 20 cm.  

The as-grown layers were characterized to evaluate the 
chemical and physical properties using appropriate 
techniques and procedures. Philips X-ray diffractometer with 
Cu kα radiat ion (λ=1.542 A) was used to analyze the 
structural properties of the films such as the crystal structure, 
preferred  orientation, crystallite  size and texture coefficient. 
The X-ray diffract ion (XRD) spectra were recorded in the 2θ 
range, 20-70°. The chemical composition of the films was 
measured using Energy dispersive X-ray analyzer (Inca 
Penta FETx3) attached to scanning electron microscope 
(SEM). The surface topology and grain  size of the films  were 
investigated using Zeiss SEM. The optical properties such as 
the transmittance, reflectance, absorption coefficient and 
energy band gap were determined using Perkin Elmer 
UV-Vis-NIR spectrophotometer. In this study, the thickness 
of the films  was measured using the quartz crystal thickness 
monitor present in the vacuum system and it was 
approximately 200 nm. 

3. Results and Discussion 
The visual observation of the as-grown CTS layers 

indicated that the films were reddish brown in colour, p in 
hole free and uniform. The scratch tape test revealed that the 
film were strongly adherent to the surface of the substrate.  

The energy dispersive X-ray analysis data revealed that all 
the layers grown at  different substrate temperatures consisted 
of copper, tin and sulphur with small amount of carbon. The 
presence of C might be due to the oil vapours from the 
diffusion pump. Figure 1 shows a typical EDAX spectrum of 
CTS fil deposited at 350℃ . The films formed at higher 
substrate temperatures >300℃  showed slight deficiency of 
S compared to other elements. This might be due to its 
re-evaporation because of the high vapour pressure. The 
EDAX analysis also indicated that the composition of 
various elements was nearly stoichiometric fo r the films 
formed at 300℃ . CTS films deposited at other substrate 
temperatures have shown compositional deviation from the 
stoichiometric value.   

 
Figure 1.  EDAX spectrum of CTS film formed at 350℃ 

Figure 2 shows the X-ray d iffraction (XRD) spectra of 
CTS films deposited at different substrate temperatures. The 
spectra revealed that all the films  were polycrystalline and 
showed the (221) p lane appearing at a  2θ value o f 30.31o as 
the preferred  orientation. The other o rientations observed in 
the XRD spectra were (102), (420), (222), (502), (512) (040) 
(711) and (004) that correspond to the crystal planes of 
Cu4SnS4 phase. The different o rientation observed in this 
work are in agreement with the data reported on 
electrodeposited films[8]. However, Nair et al. reported 
different orientations for Cu4SnS4 layers prepared by heating 
a thin layer of CuS on SnS deposited by chemical bath 
deposition[9]. It  can be also seen from the figure that with 
increase of substrate temperature, the (221) peak intensity 
increased with a decrease of the fringe width at half 
maximum (FWHM). Th is indicates that the crystallinity of 
the films was improved with the increase of substrate 
temperature. The crystallite size, D of the films was 
evaluated using the Debye Scherer formula[10] 

D = (0.94 λ) / β cosθ              (1) 
where ‘β’ is the FWHM of (221) peak o f CTS, ‘λ ’ is the 
wavelength of X-rays and ‘θ’ is the corresponding 
diffraction angle. The evaluated crystallite size varied in the 
range, 18–35 nm.  

 
Figure 2.  X-ray diffraction spectra of CTS films grown at various 
temperatures 
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For thin films, a wide variety of textures are possible 
depending on the deposition conditions used to synthesize 
the layers. In  this study, the texture coefficient (TC) was 
determined using the preferred orientation from the X-ray 
diffraction spectra of CTS films deposited at various 
substrate temperatures using the Harris texture analysis[11]. 
The texture coefficient represents the preferential growth of 
certain planes compared to randomly oriented crystallites 
and is defined by the relation, 
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Here I is the measured intensity of the intense peak in the 
XRD spectrum, Io  is the intensity for completely  random 
sample (JCPDS) and ‘n’ is the number o f reflections 
considered in  the analysis. The preferential orientation of 
each sample as a whole was analysed by the standard 
deviation (σ) of all the texture coefficient values as compared 
to randomly oriented crystallites. 

( )

n

TC
n

i
∑
=

−

= 1

21

σ
     (3) 

 
Figure 3.  Variation of texture coefficient with substrate temperature 

The σ value can be used to compare the degree of 
orientation of the crystallites in the samples. If TC=1, it 
represent the films with randomly oriented crystallites 
whereas the TC is higher than one for the films that are 
oriented preferentially in a particular direction. In order to 
know the final texture of the films and to determine the 
preferred o rientation of the grains, strain energy and surface 
energy min imization have a significant influence on them. In 
the present investigation, the (221) p lane is the predominant 
peak. Figure 4 shows the variation of texture coefficient with 
substrate temperature. It indicates an increase of texture 
coefficient with substrate temperature.   

Figure 4 shows the typical SEM pictures of CTS layers 
grown at different substrate temperatures. The pictures 

showed that the layers formed at 200℃ had s mooth surface 
topography while the films formed at higher substrate 
temperatures revealed flake-like structure. The size of these 
flakes increased with the increase of substrate temperature. 
However, the films grown at 350℃  indicated clusters of 
these grains formed into bigger grains of circular shape. The 
evaluated grain size from the SEM analysis is higher than 
that value calculated using the XRD data. 

 

 

 

 
Figure 4.  SEM photographs of CTS films formed at different substrate 
temperatures 
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Figure 5.  Optical transmittance versus wavelength spectrum of CTS films 
grown at Ts=300℃  

 
Figure 6.  (αhν)2 versus hν plot for CTS film formed at Ts=300℃ 

The optical absorption measurements are ext remely  
important in evaluating the optical parameters of thin films 
such as optical transmittance, reflectance, absorption 
coefficient, energy band gap etc. The dependence of 
absorption coefficient, ‘α’ on the photon energy, ‘hν’ gives 
the informat ion regarding the type of optical transition 
occurred between the valence band and conduction band of 
the sample. The optical transmittance spectra for all the films 
were recorded in the wavelength range, 500–2500 nm at 
room temperature. The films formed at lower substrate 
temperatures had lower optical transmittance and it increases 
with  the increase of substrate temperature. Figure 5 shows 
the variation of transmittance with wavelength for a typical 
CTS films grown at Ts=300 ℃ . The optical absorption 
coefficient in the absorption region was determined using the 
relation[12],   

α = - (1/t) ln T           (4) 
Here, ‘T’ is the transmittance and ‘t’ is the thickness of the 

film. The evaluated optical absorption coefficient, α 

was >104 cm-1, indicating that the films were h ighly 
absorbing. The optical energy band gap ‘Eg’ is determined 
using the following relation, which is valid for direct  band 
gap semiconductors[12]. 

 (αhυ) = A (hυ – Eg)1/2          (5) 
where α is the absorption coefficient, hυ is the photon energy. 
The extrapolation of the linear portion of the plot on to the 
energy axis gives the energy band gap of the film, which 
varied in the range, 1.70–1.94 eV in the investigated 
substrate temperature range. The linear dependence of 
(αhν)2 with  hν plot  for a typical CTS film grown at  a 
Ts=300 ℃ in Figure 6 that showed a band gap of 1.85 eV. 
The optical band gap obtained in the present work is slightly 
higher than the value reported in literature[13]. 

4. Conclusions 
Thin films of Cu4SnS4 have been deposited by 

co-evaporation method. The films were formed on Corning 
glass substrates at different temperatures varying from 200℃  
to 350℃ . The layers formed at 300 ℃  showed nearly 
stoichiometric composition. All the grown films were 
polycrystalline with the (211) plane as the dominant 
orientation and the cyrstallinity of the films increased with 
the increase of substrate temperature. The films formed at 
substrate temperatures > 250 ℃  had an optical 
transmittance  > 60%. The films exh ibited an absorption 
coefficient > 104 cm-1 and the evaluated energy band gap 
varied in the range, 1.70 – 1.94 eV.  
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