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Cd1−xZnxS thin films with zinc content x = 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 were deposited by the spray pyrolysis method using 
CdCl2 (0.15 M), ZnCl2 (0.15 M) and H2NCSNH2 (0.15 M) solutions on glass substrates at 400°C. The prepared Cd1-xZnxS 
films were characterized with XRD, FESEM, EDS and UV-Visible spectroscopic technique for structural, morphological, 
elemental composition, and optical study.  X-ray diffraction results showed that the Cd1−xZnxS thin films formed were 
polycrystalline with hexagonal structures at low Zn content. As the Zn content was increased, the XRD peak position shift 

towards higher 2 and for Zn content x~0.8 the crystal structure transforms into cubic. The formation of Cd1-xZnxS alloy was 
confirmed by elemental analysis by EDS and optical absorption spectroscopy. With increase in Zn content in the spray 
solutions, the grown Cd1-xZnxS thin films show proportionate in increase in bandgap energy.  The transmittance of Cd1-

xZnxS thin films was increased with increase of Zn content and it was above 80 % in the visible region.    
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1. Introduction  
 
The wide band gap cadmium zinc sulfide (Cd1-xZnxS) 

semiconductor material has been extensively investigated 

for their applications in various solid state devices [1, 2].  

In solar cells, the replacement of the widely used CdS 

window layer with Cd1-xZnxS leads to decrease in window 

absorption losses resulting in an increase in the short 

circuit current and open circuit voltage in solar cell [3, 4]. 

In recent year’s great attention has been given to the 

investigation of the properties of Cd1-xZnxS thin films 

grown by various methods in order to improve the 

performance of these thin films [3, 5]. The thin film 

deposition techniques such as spray pyrolysis [2, 6, 7], 

molecular beam epitaxy [8], SILAR [9], vacuum 

evaporation [5], chemical bath deposition [10], and 

solution growth [11, 12] have been used to grow Cd1-

xZnxS thin films. In this study Cd1-xZnxS thin films were 

deposited with Zn content x = 0.0, 0.2, 0.4, 0.6, 0.8, and 

1.0 by spray pyrolysis technique. The effects of Zn content 

on the properties of Cd1-xZnxS thin films were 

investigated. 
 
 
2. Experimental  
  
Cd1-xZnxS thin films were deposited on glass 

substrates by spray pyrolysis technique. Aqueous solutions 

of 0.15M CdCl2, 0.15M ZnCl2, 0.15M (NH2)2CS were used 

as a source of cadmium, zinc and sulphur, respectively. 

The precursor solutions were mixed in appropriate 

quantities, as given in the Table 1, in order to get required 

composition, and stirred for half an hour using a magnetic 

stirrer. The thin films were obtained by spraying these 

solutions on the glass substrates kept at temperature of 

about 400
0
C at a spray rate of 10 ml per minute. The 

grown films were allowed to cool naturally to room 

temperature.  

 
Table 1. Spray solution compositions. 

 

Composition of 

Cd(1-x)ZnxS film 

x 

CdCl2 ( 0.15 M) ZnCl2( 0.15M) (NH2)2CS (0.15M) 

0.0 10 ml - 10 ml 

0.2 8 ml 2 ml 10 ml 

0.4 6 ml 4 ml 10 ml 

0.6 4 ml 6 ml 10 ml 

0.8 2 ml 8 ml 10 ml 

1.0 - 10 ml 10 ml 
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The structural properties of the films were 
characterized by X-ray powder diffractometer (Rigaku 
miniflex 600) using Cu Kα radiation (λ = 1.54178 Å). Full 
width at half maximum (FWHM) and 2θ values of the 
peaks was used to calculate the crystallite size. 

Surface morphology of the films was studied using 
FESEM (Hitachi SU6600). Chemical composition of the 
films was obtained by energy dispersive X-ray 
spectroscopy (EDS). Thickness of the films was measured 
by an Ellipsometer (Holmarc opto mechatronics) using 
DPSS laser (532 nm) beam. Optical absorption and 
transmittance of the films were studied using Shimadzu 
1800 UV-Vis spectrophotometer.  

 
 
3. Results and discussion 
 
3.1 Structural properties of Cd1−xZnxS thin films 
 
The structural properties of spray deposited Cd1-xZnxS 

thin films were investigated by X-ray powder diffraction 
(XRD) using CuKα radiation. Fig. 1 shows the X-ray 
diffraction patterns of the Cd1-xZnxS thin films deposited 
on glass substrates.  
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Fig. 1 XRD patterns of thin films of (a) CdS, (b) 

Cd0.8Zn0.2S, (c) Cd0.6Zn0.4S, (d) Cd0.4Zn0.6S, (e) 

Cd0.2Zn0.8S, and (f) ZnS. 

 

 

 

The XRD patterns indicate the polycrystalline nature 

of the grown films. The XRD spectra of the films are 

indexed based on the JCPDS card No. 00-041-1049 (for 

CdS), 00-049-1302 (for hexagonal Cd1-xZnxS) and 01-079-

6259 (for cubic Cd1-xZnxS). At low Zn content, the XRD 

results show that the Cd1−xZnxS thin films were 

polycrystalline with hexagonal structures  with the peaks 

corresponding to (100), (002), (101), (102), (110), (103), 

(112) reflections in the 2 range from 20
0
 to 60

o
.  As the 

Zn content was increased, the XRD peaks slightly shift 

towards higher 2 values.  The progressive shift of the 

XRD patterns with increasing Zn content indicates that the 

thin films obtained were the homogeneous alloys of 

Cd1−xZnxS [13, 14]. The XRD spectra of Cd1−xZnxS 

corresponding to x ~ 0.6 looks different from that of the 

XRD spectra corresponding to low Zn content and it 

matches with the spectra corresponding to Cd1.7 Zn0.3 S2 

(JCPDS No: 01-079-3169) [15]. At Zn content x~0.8 the 

structure transforms from hexagonal to cubic with 

dominant (111) peak. As indicated by the XRD pattern, 

the grown ZnS thin film shows almost an amorphous 

structure. Lattice constants ‘a’ and ‘c’ of Cd1−xZnxS (x= 0 

to 0.6) thin films and the lattice constant ‘a’ of Cd1−xZnxS 

(x= 0.8) thin film was calculated respectively from the 

diffraction angles of (100) and (002) planes corresponding 

to that of hexagonal phase and the diffraction angle of 

(111) planes corresponding to that of cubic phase, using 

the relationship between miller indices (h k l), lattice 

constants (a, b, c) and the interplanar distance (d)  [16, 17]. 

It was observed that the lattice constant gradually 

decreases as Zn content increases for hexagonal structure; 

this is consistent with the smaller size of the zinc atom as 

compared to cadmium atom. The lattice parameters 

obtained from XRD analysis are given in the Table 2. The 

crystallite size was calculated using the angle and FWHM 

of the highest intensity peak by applying Scherer formula 

[18, 19] and thus obtained crystallite size values are listed 

in the Table 2. The crystallite size decreases with increase 

in the Zn content in the films. 

 

 

 

Table 2. Crystallite size and lattice parameter variations with composition of the Cd1-xZnx S thin films. 

 

Zn content in solution 

(x) 

Crystallite size (nm) Lattice parameters   

a (Å) c (Å) c/a 

0.0 38.52 4.1772 6.7723 1.6213 

0.2 15.13 4.1573 6.7637 1.6269 

0.4 15.16 4.1100 6.6767 1.6245 

0.6 10.84 3.9729 6.4901 1.6336 

0.8 4.17 5.4897   

1.0 1.15    
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3.2 Surface morphology and elemental composition 

 

Fig. 2(a) – 2 (f) shows the FESEM images of surface 

of the CdZnS thin films on glass substrates with different 

Zn concentration. The growth of the films was found to be 

uniform and dense across the substrate surface. There was 

a noticeable difference in the surface morphology of the 

films with different Zn content.  

 

 
 

Fig. 2 (a)  FESEM images of CdS. 

 

 
 

Fig. 2 (b) FESSEM image of Cd0.8Zn0.2S. 

 

 
 

Fig. 2 (c) FESSEM image of Cd0.6Zn0.4S. 

 

 
 

Fig. 2. (d) FESSEM image of Cd0.4Zn0.6S. 

 

 
 

Fig. 2 (e) FESEM image of Cd0.2Zn0.8S. 

 

 
 

Fig. 2 (f) FESEM image of ZnS. 

 

Uniformly distributed granules are observed in the 

films with the composition Cd0.8Zn0.2S and Cd0.2Zn0.8S. 

The films with composition Cd0.6Zn0.4S and Cd0.4Zn0.6S 

appears to be extremely dense, whereas CdS and ZnS 

films are porous in nature. Elemental composition in the 

films was obtained from the EDS analysis. The obtained 

compositions were found to be almost same as that in the 

initial solutions, shown in Table 3. The zinc content in the 

films was found to be increase with increase in zinc 

content in the spray solution.  
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Table 3. Elemental composition of the Cd1-xZnx S thin films estimated from EDS. 

 

Composition, x 

 in solution 

Cadmium 

(%) 

Zinc 

(%) 

Sulphur (%) Composition, 

x 

in film 

0.0 45.04 - 54.96 0.0 

0.2 41.12 11.63 47.25 0.22 

0.4 36.63 18.58 44.79 0.33 

0.6 21.02 33.03 45.96 0.61 

0.8 11.39 44.43 44.19 0.79 

1.0 - 55.61 44.39 1.0 

 

3.3. Optical properties of Cd1−xZnxS thin films 

 
The optical absorption spectra of Cd1−xZnxS thin films 

were recorded in the wavelength range of 300 - 900 nm 
using shimadzu 1800 spectrophotometer. The absorption 
spectra are as shown in the Fig. 3 (a). The fundamental 
absorption edge of the as-deposited Cd1-xZnxS thin films 
showed a blue shift with an increase in Zn content. 
Thickness of the film was measured using a Holmarc 
Opto-Mechatronics (P) Ltd. India (www.holmarc.com) 
single wavelength ellipsometer (model no: HO-TCE-01). 
The ellipsometer consists of a laser (532 nm, randomly 
polarized), a polarizer (Glan-Thompson Prism) and a 
quarter wave plate which provide a state of polarization 
which can be varied from linearly polarized light to 
elliptically polarized light to circularly polarized light by 
varying the angle of the polarizer. For the measurement of 
the thin film thickness, the polarized laser beam is made to 
incident on the thin film sample at an angle of incidence 
70

0
. The reflected beam is analyzed with the analyzer 

(Glan-Thompson Prism) and the detector. The angles of 
the polarizer and analyzer were changed until a minimal 
signal (or null condition) is detected. The corresponding 
angles of the polarizer and analyzer were measured. 
Software provided along with the instrument is used to 
calculate the thickness of the films.  All the films in this 
study have thickness of ~ 190 nm. By knowing the 
absorbance and thickness, absorption coefficient of the 
films can be calculated from the Beer-Lambert equation 
[20]. 
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Fig. 3 (a). Plot of UV-vis absorption spectra of the Cd 1-x 

Zn x S thin films. 

 

The band gap Eg of the Cd1-xZnxS thin films were 

obtained from the optical absorption spectra using the 

Tauc relationship [2]                                        

                                                      

( )   n
gh C h E                                   

(1) 

 

where C is a constant, hυ is the energy of light and the 

exponent ‘n’ characterizes the nature of band transition, n 

= ½ for direct band gap semiconductor material. The graph 

of (αhυ)
2 

versus h
 
are 

 
plotted as shown in the Fig. 3 (b) 

The linear nature of the graph at the absorption edge 

confirmed that as deposited films are semiconductor with 

direct band gap [2]. The extrapolation of linear region of 

the curve to the energy axis gives the band gap values and 

these are listed in the Table 4. The band gap of Cd1-xZnxS 

thin films was calculated in range x from 0 to 1 using the 

quadratic relation [21] 
 

                    

      (1- ) (1 )
 ( )   

1-

E x E x E bx x
g Cd Zn S g ZnS g CdS

x x

   

                   (2) 

 

where b is the bowing parameter. The value of b was 

obtained by fitting Eq. (2) with the experimental data 

using the experimentally obtained values of EgCdS (2.46 

eV) and EgZnS (3.576 eV) and it was found to be 0.63. The 

variation of band gap of the Cd1-xZnxS thin films with Zn 

content along the bandgap calculated using Eq. (2) is 

shown in Fig. 4. 
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Fig. 3(b) Plot of (αhν)2 vs. hν for the Cd1-xZnxS thin film. 
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Table 4.  Band gap variation with composition. 

 

Composition , x 

 in solution 

Energy gap Eg (eV ) from  

Uv-vis absorption spectra  

0.0 2.46 

0.2 2.582 

0.4 2.755 

0.6 2.978 

0.8 3.252 

1.0 3.576 
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Fig. 4. The variation of band gap of the Cd1-xZnxS thin 

films with Zn content. 

 

Transmittance spectra of the films were recorded in 

the wavelength range of 300 nm – 1000 nm. Transmittance 

of the films increases with increase in zinc content and it 

was found to be above 80 %, as shown Fig. 5.  
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Fig. 5. Plot UV-vis transmittance spectra of the Cd1-

xZnxS thin films. 

 
 
4. Conclusions  
 

Cd1-xZnxS thin films were successfully deposited 

using an aqueous solutions of CdCl2, ZnCl2 and (NH2)2CS 

by spray pyrolysis technique. XRD studies reveal that the 

films are single phase, polycrystalline in nature. EDX 

analysis confirmed the increase in zinc content in the films 

with the increase of zinc composition in the spray solution. 

Variation in the surface morphology with the elemental 

composition can be clearly seen from SEM images of as 

deposited films. The fundamental absorption edge of as-

deposited Cd1-xZnxS thin films, show a blue shift with an 

increase in the zinc ion content. Energy gap of Cd1-xZnxS 

films increased from 2.4 eV to 3.57 eV as ‘x’ is increased 

from 0.0 to 1.0.  Transmittance of the films increased with 

increase of zinc content in the film. Relatively high 

transmission above fundamental absorption edge of the 

films indicate that these films are well suited as a window 

layer in the thin film heterojunction solar cells with CdTe, 

CIGS, and CuInS2 as an absorber layer.  
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