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Copper zinc tin sulfide (Cu2ZnSnS4, CZTS) thin films have been deposited using spray pyrolysis technique on glass 
substrates at temperatures from 350°C to 425°C by step of 25°C. The structural, morphological and optical properties of as-
deposited films have been studied using X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Raman 
Spectroscopy measurements. SEM studies revealed that the CZTS films exhibited uniformly distributed grains over the 
entire surface of the substrate. The analysis of XRD revealed that all CZTS thin films are of polycrystalline type belonging to 
the kesterite structure with a preferential orientation along the [112] axis. The best crystallinity of CZTS thin films has been 
obtained for the substrate temperature 375°C. The optical measurement shows a band gap energy of 1.57eV for this 
substrate temperature which is quite close to the optimum band gap energy for thin film solar cells. 
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1. Introduction 
 
Thin film solar cells based on polycrystalline CdTe, 

CIS, and CIGS have reached the commercialization stage. 
However, restrictions on heavy metal usage for Cadmium 
and limitations because of its scarcity and mainly due to its 
high cost for Indium and Tellurium have raised concern 
about limitations on production capacity of the 
photovoltaic devices [1]. To solve this issue, it is 
necessary to develop alternative absorber materials that are 
both non toxic and easily available. In this context, 
Cu2ZnSnS4 (CZTS) quaternary material has emerged as 
one of the promising candidates due to its tunable direct 
band gap energy around 1.5 eV and its large absorption 
coefficient (>104 Cm-1) [2]. All the components in CZTS 
are earth abundant and environment benign. The 
abundance of Cu, Zn, Sn, and S in the earth crust are 55, 
70, 20, and 260 ppm, respectively [3]. CZTS is a mineral 
material which shares a similar structure with the 
chalcopyrite CIS, except that half of the Indium is replaced 
with Zinc and another half with Tin [4]. According to the 
Shockley-Queisser limit, CZTS solar cells are expected to 
have theoretical conversion efficiency in excess of 30% 
[5]. Several deposition techniques have been used for 
CZTS thin films synthesis. Thermal evaporation was 
tested by T. Friedlmeier et al. [6]. E-Beam evaporation 
with post sulfurization process was studied by Katagiri et 
al. [7]. K. Jimbo et al. were successful in growing CZTS 
using RF co-sputtering of binary compounds [8]. Routes 
using co-evaporated elements were developed by T. 
Tanaka et al. [9]. Non vacuum methods have also been 
developed namely sulfurization of sol-gel deposited 
precursors by K. Tanaka et al. and spray-pyrolysis by N. 
Nakayama et al. and N. Kamoun et al. [2, 10 and 11].  

In this work, we have synthesized and studied the 
temperature dependence on the structural, morphological 
and optical properties of CZTS as an absorber material in 
thin films solar cells. CZTS thin films were synthesized 
using a solution route and deposited on glass substrates at 
various temperatures by Spray Pyrolysis technique. The 
starting precursors containing ions of copper, zinc, tin and 
sulfur were dissolved in an aqueous bath. The structural 
characterization of synthesized films was analyzed using 
the X-ray diffraction (XRD). The morphological study of 
as-deposited thin films was carried out by scanning 
electron microscopy (SEM). The optical properties of 
CZTS thin films were also investigated.  

 
 
2. Experimental 
 
The Cu2ZnSnS4 (CZTS) thin films were synthesized 

by spray pyrolysis technique starting with an aqueous 
solution containing cupric chloride (0.01M), zinc acetate 
(0.005M), stannic chloride (0.005M) and thiourea 
(0.04M). An amount of thiourea was added to compensate 
the loss of sulphur during pyrolysis. The precursor 
solution was sprayed, using a pneumatically controlled air-
atomizing spray nozzle (14JAU, Spraying systems Co., 
USA), onto heated glass substrates held at various 
substrate temperatures. Compressed air was used as the 
carrier gas; the spray rate and the spray duration were 
1ml/min and 60min respectively. Experiments were 
conducted at various substrate temperatures in the range of 
350°C-425°C by step of 25°C to investigate their effect on 
the growth of the films.  
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3. Results and discussion 
 
3.1 Structural properties (XRD) 
 
Fig.1 shows the X-ray diffraction spectra for CZTS 

thin films deposited at different temperatures. For all the 
as-deposited films, we can see some peaks at around 2θ= 
28.08°, 32.32°, 46.57° and 55.28° corresponding to the 
(112), (200), (105) and (312) planes of CZTS respectively, 
which are characteristic of the kesterite structure. A 
preferential (112) orientation was observed for all 
deposited films. Moreover, we can see some peaks 
corresponding to the binary phase (Cu2S) [12-13]. So the 
crystallization of CZTS cannot be confirmed solely by 
XRD analysis. This could be completed by Raman 
scanning measurements. The study of X-Ray Diffraction 
measurements indicates that the films synthesized at the 
temperature of 375°C exhibit the best crystallinity with a 
sharp peak located at 28.08°.  
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Fig.1. XRD patterns of CZTS samples prepared at 

different temperatures. 
 

 
3.2 Microstructure (SEM) 

 
In Fig. 2, we can see the SEM images of samples 

elaborated at 350°C, 375°C, 400°C, and 425°C. For all the 
as-deposited films, one can see nanocrystals with densely 

packed grains distributed evenly throughout the entire 
surface of the film. The grain size increases with 
increasing the substrate temperature. It should be noted 
that significant porosity is developed at high temperatures 
(above 375°C). This may indicate that larger grains and/or 
high temperature conditions may be more susceptible to 
evaporation of CZTS or some of its components (sulfur), 
especially from grain boundaries. These images show 
clearly a compact and homogenous surface for 
temperatures less than 400°C and cracked surface at 
temperatures above 375°C. For sample prepared at 375°C, 
there is an increase in nucleation over growth and one can 
see an uniformly smooth structure, homogenous with 
condensed grains. 

 

 
 

Fig.2. SEM images of samples prepared at different 
elaboration temperatures 
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3.3 Raman spectroscopy 
 

The Raman spectroscopy was utilized to obtain 
further insight into phase identification, and the results of 
the CZTS films as a function of substrate temperatures are 
shown in Fig.3. The as-prepared precursor films exhibited 
a peak at 473 cm-1 which correspond to the binary phase 
Cu2-xS comparable with the results of X-ray diffraction 
(Fig.1) and published by other research works [14,15]. 
This undesirable phase may disappear by annealing the 
films in a sulfurized atmosphere to compensate the 
evaporated sulfur or by a KCN treatment [16,17]. Raman 
analysis indicates that the crystallization of CZTS 
increases with substrate temperature up to the value of 
375°C and the CZTS quaternary phase is more significant 
than the binary Cu2-xS. The inverse phenomenon occurs at 
high temperatures where one can see better the formation 
of binary phase and the disappearance of the quaternary 
CZTS phase due certainly to the loss of sulfur. For sample 
elaborated at the substrate temperature of 375°C, we can 
see a strong peak at 332 cm-1, resolute with a good quality 
signal to noise which shows a good crystallization of 
CZTS at this temperature confirmed by XRD and SEM 
analysis.     
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Fig. 3.Raman spectra of thin CZTS for T = 350°C, 

375°C, 400°C and 425°C. 
 
 

3.4 Optical properties 
 
The optical absorption data was analyzed using the 

following classical relation of optical absorption in a 
semiconductor: 

 

, 
 

Where A is a constant,  the band gap,  the 
photon energy and ½ a constant corresponding to the 
direct allowed transition between bottom of the conduction 
band and top of the valence band.  
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Fig.4 Variation of  with the incident photon 
energy   from  the transmission for  samples  prepared  at  
                             different temperatures. 

 
 

Fig. 4 shows the variation of  as a function 
of photon energy  for as-deposited CZTS thin films 
at different elaboration temperatures. Based on the direct 
allowed inter band transition theory, the optical band gap 
of CZTS is determine by extrapolating the linear part of 
the curve to the zero absorption coefficient  as 
shown in Fig.4. The band gap of the as-deposited CZTS 
thin films is found to be 1.89eV, 1.57eV, 1.99eV, and 
2.12eV for elaboration temperatures of 350°C, 375°C, 
400°C, and 425°C respectively. The sample deposited at 
the substrate temperature of 375°C exhibits a band gap 
similar to the band gap of bulk CZTS in comparison with 
those reported by others (1.56 and 1.54 eV respectively) 
[16, 18] and is quite close to the optimum band gap energy 
for thin film solar cells. In contrast, for samples elaborated 
at other substrate temperatures the band gap values of the 
CZTS films increase from 1.89eV to 2.12eV. This increase 
might be due to the presence of Cu2S, which has the direct 
optical band gap in the range 1.7eV-2.16eV [19, 20].  
 

4. Conclusions 
 
The Cu2ZnSnS4 (CZTS) thin films were deposited by 

chemical spray (Spray Pyrolysis) on ordinary glass 
substrates. The effect of substrate temperature on the 
structural, morphological and optical properties of films 
was studied by changing it from 350°C to 425°C. The 
XRD patterns of the as-deposited films indicate that they 
are all of polycrystalline type belonging to the kesterite 
structure with a preferential orientation along the [112] 
direction. The best crystallinity was obtained for the 
samples prepared at 375°C. The SEM analysis show a 
uniformly smooth structure with condensed grains and a 
band gap of Eg= 1.57 eV has been determined by optical 
measurements for the films synthesized at this 
temperature. If we compare these results of different 
elaboration temperatures, we deduce that the deposition 
temperature 375°C seems to be an optimum temperature 
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with our spray pyrolysis set up according to XRD, SEM 
and Raman analysis. 
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