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ABSTRACT 

Nanocrystalline zinc cadmium sulfide (ZnxCd1-xS) thin films were deposited on glass substrate by chemical bath deposition (CBD) 
technique using the mixed aqueous solution of zinc chloride ((ZnCl2), cadmium chloride (CdCl2), thiourea (CS(NH2)2) and 
ammonia solution (NH4OH). The as deposited films were characterized by X-ray diffraction (XRD), atomic force microscopic 
(AFM) and UV-VIS spectrophotometer techniques to reveal their structural, morphological and optical properties. The XRD 
analysis shows mixture of cubic and hexagonal structure and the intensity decreases with the increasing of Zn2+ content. AFM 
analysis of ZnxCd1-xS thin films were found to be nanocrystalline. Optical absorption measurements indicated that the band gaps 
of ZnxCd1-xS thin films increased from (3.63 to 3.93 eV) with increasing Zn2+ content in chemical bath from (0.1- 0.9). The band 
gap is found to be higher indicating blue shift with respect to the bulk value as a result of quantum size effect as expected from the 
nanocrystalline nature of the ZnxCd1-xS thin films. 
 
Keywords: Nanostructures, II-VI Thin films, Chemical bath deposition technique. 
 
1. INTRODUCTION 
Ternary alloy is an alloy made up of three different chemical elements; usually two cations and an anion and their band 
gap is a continuous function of composition [1,2]. Ternary compounds are found to be promising materials for 
optoelectronic device applications such as green light emitting devices and expected to improve the performance of thin 
film solar cells and photo electrochemical energy conversion [3,4]. ZnxCd1-xS has a variable band gap energy of 2.4-
3.7eV, is widely used in hetrojunction solar cells, high density optical recording, blue and ultra violet laser diodes and in 
low-voltage cathode luminescence [5]. In solar cell systems, where CdS films have been demonstrated to be effective, the 
replacement of CdS with the higher band gap ZnxCd1-xS alloys has led to a decrease in window absorption loss and an 
increase in the short circuit current [6]. Recent developments related to nanoengineered materials have demonstrated that 
nanostructure  semiconductors offer increasingly greater flexibility and control in designing various nanoscale structures 
and devices. The main motivation is related to continuous trends towards increasing miniaturization of various structures 
and devices, improving dimensional precision and the high flexibility of controlling and designing various material 
properties by controlling the sizes of the nanostructures [7]. ZnxCd1-xS thin films have been prepared using various 
techniques, such as electrodeposition, chemical bath deposition, successive ionic layer adsorption and reaction (SILAR) 
and metalorganic chemical vapor deposition. Among these techniques, chemical bath deposition is simple and cost-
effective as compared to the others for large-area solar cell fabrication [8]. The aim of present study is to deposit ZnxCd1-

xS thin films on glass substrate by CBD technique and study the structural and optical properties of the prepared ZnxCd1-

xS thin films. 
 
2. EXPERMENTAL DETAILS  
For prepared nanocrystalline ZnxCd1-xS thin films, analytical grade cadmium chloride (0.1M CdCl2), zinc chloride (0.1M 
ZnCl2) and thiourea (0.1M CS(NH2)2) are used. The appropriate quantity of CdCl2, ZnCl2 and CS(NH2)2 solutions are 
mixed slowly at room temperature in a 100 ml beaker with continuous stirring by using magnetic stirrer, and made 
alkaline by the addition of ammonia solution (NH3OH) to adjust pH=10 of the reaction mixture by using pH meter, while 
ammonium chloride used as buffer. A beaker containing the reaction mixture is placed in a water bath at 75±2 ºC. 
Immediately, the clean glass slide is fixed vertically in the beaker for two hours of the deposition time. Then after the 
glass substrate removed from the beaker and  washed ultrasonically with distilled water to remove loosely adherent 
particles and then dried under sun light. The fabricated films are yellow, highly adherent, homogenous then kept in a 
desiccator. the experimental details of the five different concentrations in the formation of chemical bath to deposit 
ZnxCd1-xS thin films are present in the   table (1). 
 

Table1: experimental details for prepared ZnxCd1-xS thin films 
 

Samples 
ZnCl2  

(ml) (0.1M) 
CdCl2 

(ml) (0.1M) 
 

Bath conditions 
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Zn0.1Cd0.9S 2 18 Vol. of CS(NH2)2= 20 ml of (0.1 M) Deposition 
time =2 hour  
Temperature = 75±2 oC 
PH=10 

Zn0.3Cd0.7S 6 14 
Zn0.5Cd0.5S 10 10 
Zn0.7Cd0.3S 14 6 
Zn0.9Cd0.1S 18 2 

 
The reaction procedure for the formation of ZnxCd1-xS may be described by the following steps: Ammonia ion formation 
[9]: 

                        NH3 + H2O → NH4
+   + OH−                                …………..(1) 

Ammonia solution is added to the Cd and Zn salt solutions to form cadmium tetra-amine ion [Cd(NH3)4
2+] and zinc tetra-

amine ion [Zn(NH3)4
2+], respectively, as follows: 
                        Cd2+ + 4NH3 → Cd(NH3)4

2+                                   … ……… (2)  
                        Zn2+ + 4NH3 → Zn(NH3)4

2+                                   … ……… (3)  
The sulfide ions are released due to the decomposition of thiourea in the alkaline medium, which is described by the 
following chemical reactions; 

                         CS (NH2)2 + 3OH− →  2NH3 + CO3
2− + HS−                .……..( 4) 

                          HS−+ OH− → S2− + H2O                                             ..……..(5) 
All three of these source ions combine in the reaction mixture leading to the formation of CdZnS [9]: 
(1-x)[ Cd(NH3)4

2+]+x[Zn(NH3)4
2+]+S2−+NH3    →    ZnxCd1-xS+ waste product ………(6) 

 
3. RESULTS AND DISCUSSION  
3.1 Structural properties (XRD Analysis) 
The XRD pattern of ZnxCd1-xS film are shown in figure (1). The presence of number of peaks indicates that the films are 
polycrystalline in nature with cubic and/or hexagonal structure. In figure   (1-a), for (x=0.1), the prominent Bragg 
reflection is occurring at 2θ=26.8 corresponding to (111) diffraction plane, along with two other diffraction peaks 
corresponding to (220) and (311) planes of the material with cubic phase. It is confirmed by comparing the peak positions 
(2θ) of the XRD patterns of the films with the standard ASTM data. By increasing the value of ‘x’ from 0.1 to 0.9, the 
intensity decreases with small shift toward larger 2θ as a result of incorporation of Zn ions into the CdS lattice. 
Continuous peak shifting of the nanoparticles suggest a successful formation of alloyed nanoparticles, this result is in 
agreement Chawla et al.[10]. The main peaks for these films occurred between      26.5o–28.2o. With increasing Zn2+ 
concentration, the Zn2+ ions can substitute for Cd2+ site in the CdS lattice leads to formation of  nanocrystalline ZnS thin 
film as shown in figure (1-e). Also, it can be seen from the XRD patterns figure (1d), the existence of a small broad peak 
at around 47o which is assumed to be the hexagonal (220) peak of ZnS. The lower Zn concentration of ZnxCd1-xS films 
exhibits the improved crystalline quality than the intermediate and higher Zn concentrated ZnxCd1-xS thin films. The film 
growth is expected to be cluster-by cluster deposition than ion-by-ion deposition and the film structure deviates from a 
solid solution, resulting in an approximately amorphous nature of the film as shown in figure (1-e). The width of the 
peaks increase with increasing Zn content in  the solution reveled that decreases in the grain size. The grain size of 
nanocrystalline ZnxCd1-xS thin films is estimated by the Scherrer’s formula (equation 7) [11] and summarized in table (2). 

Dhkl= K λ /(β cosθ)                   ………… (7) 
 
where k = 0.94,  is the wavelength of X-ray, β is the broadening of diffraction line measured at full width of half 
maximum intensity (rad.)  and θ is Bragg’s angle. 

 
Figure 1: XRD spectra of nanocrystalline ZnxCd1-xS thin films  (a): Zn0.1Cd0.9S, (b): Zn0.3Cd0.7S, 

(c): Zn0.5Cd0.5S,  (d): Zn0.7Cd0.3S and  (e): Zn0.9Cd0.1S. 
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Table 2: XRD data of nanocrystalline ZnxCd1-xS thin films. 
 

Sample 
 

2θ (degree) d-Spacing  

hkl 
 

Grain size (nm) 
Observed 

Zn0.1Cd0.9S 26.7 3.33041 111 11 
Zn0.3Cd0.7S 26.76 3.32519 002 7 

Zn0.5Cd0.5S 27.2 3.27122 002 6 

Zn0.7Cd0.3S 28.1 3.16355 111 4 

Zn0.9Cd0.1S 28.3 3.15096 111 2 

 
The microstructural parameters such as the FWHM (β) and integral breadth of the line profile resulting from the XRD 
patterns, while shape factor (Φ), dislocation density (δ),  number of crystallites per unit area (Nc), and micro strain (εs) of 
ZnxCd1-xS thin films with various (x), have been calculated using the following relations [12] and their values are 
summarized in table (3). 
 
 Integral Breadth = Area / maximum intensity of XRD                         …..….(8) 
 Shape Factor = FWHM/ integral Breadth                                            …...….(9) 
 Dislocation density (δ) = 1/ D2                                                             …..…(10) 
 Number of crystallites per unit area (Nc) = t/D3                                    ….....(11) 
 Micro strain (εs) = (β cos θ)/4                                                               .. …. (12) 
 
Where;  t is the thickness of the film. 

 
Table 3: Structural parameters of nanocrystalline ZnxCd1-xS thin films. 

 
Sample 

 
FWHM 
(deg.) 

 
Integral 
Breadth 

 

 
Shape 
Factor 

Dislocation 
density(δ) 
(×1015 
lines/m2) 
 

No. of 
crystallites per 
unit area (Nc)  

(×1016 m-2) 

 
Micro 

strain(εs)  

Zn0.1Cd0.9S 0.811 1.498 0.5413 8.264 7.9789 0.0034 

Zn0.3Cd0.7S 1.301 2.374 0.5480 20.40  27.8425 0.005 

Zn0.5Cd0.5S 1.633 2.574 0.6344 27.77 38.9814 0.0069 

Zn0.7Cd0.3S 2.168 4.220 0.5137 62.5        115 0.0091 

Zn0.9Cd0.1S 3.643 5.664 0.6431 250.0        817.5 0.0151 

 
3.2 Structural properties (Atomic Force Microscopy (AFM) Studies)  
Figure (2) illustrate two-dimensional, three-dimensional AFM images of ZnxCd1-xS thin films deposited on cleaned glass 
substrates. All deposited films at bath temperature (T=75 °C) indicate better morphology. On the other hand, root mean 
square (RMS) roughness is defined as the standard deviation of the surface height profile from the average height, is the 
most commonly reported measurement of surface roughness. The root mean square (Rq), the average roughness (Ra) and 
maximum height of the deposited ZnxCd1-xS thin films are shown in the table (4). 
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Figure2: AFM images of nanocrystalline (A)- Zn0.1Cd0.9S ,  (B)-Zn0.3Cd0.7S, ( C)- Zn0.5Cd0.5S, (D)- Zn0.7Cd0.3S and  ( E) - 

Zn0.9Cd0.1S thin film, (a)- 2 dimensional, & (b)- 3 dimensional. 
 

Table 4: The surface texture properties of ZnxCd1-xS thin films. 

 
Sample  

 

Roughness 
average (nm) 

Root mean 
square (nm) 

Ten point 
height (nm) 

Average grain 
size (nm) 

Zn0.1Cd0.9S 0.701 0.859 3.92 7.25  

Zn0.3Cd0.7S  0.721 0.892 4.41 8.15  

Zn0.5Cd0.5S  0.516 0.646 2.22 6.80  

Zn0.7Cd0.3S  0.393 0.494 1.27 4.19  

Zn0.9Cd0.1S 0.986 1.22 5.9 9.54  
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4. Optical properties 
4.1 Transmittance 
Figure (3) shows the optical transmission spectra versus wavelength of nanocrystalline ZnxCd1-xS thin films for various x 
(x=0.1- 0.9). It can be seen that; the   ZnxCd1-xS films show transparency above 75 % in the visible region of light and the 
transmission increases with the increasing of x content, this transmittance makes this material useful as buffer layer for 
solar cells. It is also observed a blue-shift of the transmittance curves toward the lower wavelength region with the 
increasing of x content and all films having absorption edges in between (480-540 nm). 

 
Figure3: Transmittance versus wavelength of ZnxCd1-xS thin films with various 

mixture ratio:(a) x=0.1, (b) x=0.3, (c) x=0.5, (d) x=0.7, (e) x=0.9 
 
4.2 Absorption coefficient and optical band gap 
The fundamental absorption, which corresponds to electron excitation from the valance to conduction bands, can be used 
to determine the nature and value of the optical band gap. Figure (4) Shows the optical absorption spectra of ZnxCd1-xS 
thin films at various ‘x’ content. From the figure it is clear that the absorption edge for all films are observed to shift 
towards shorter wavelengths (blue shifted) with increase Zn2+ in the solution as compared to that of bulk CdS and ZnS. 
This result clearly indicate strong quantum size effect. Size quantization of carriers in a small volume crystallite is well 
known to cause the blue shift. 
 

 
Figure4: Optical absorption spectra of ZnxCd1-xS thin films with various mixture      ratio: (a) x=0.1, (b) x=0.3, (c) x=0.5, 

(d) x=0.7, (e) x=0.9 
 
Band to band transition in semiconductor thin films depends on the absorption coefficient α and photon energy by the 
relation [13]: 

(αhν) = k(hν – Eg)m   ………….. (13) 
 
The value of α is obtained from relation; 

α =2.3026(A/ t)     ……………….(14) 
 
where A is absorption and t is the thickness of the sample [14], and ν is the frequency of the incident photon, h is Planck's 
constant where k is a constant which is different for different transitions and it is related to the effective masses (of 
electron and hole) associated with the bands and m is the number which characterizes the optical processes m =1/2 for a 
direct allowed transition (such as CdS), 2 for the indirect allowed transition. From equation (13), the optical band gap can 
be calculated by extrapolating the linear region of the plots (αhν)2 vs hν on the energy axis, as shown in figure (5). It is 
clearly that, the optical band gap of ZnxCd1-xS thin films increases from 3.63 to 3.90  eV when ‘x’ increased from (x = 0.1 
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to 0.9). The increasing in optical band gap with increasing x may be due to  an decrease of the grain size, this confirms 
the formation of a common lattice with higher band gaps at increasing content of Zn2+. The enhancement of band gap is 
attributed to the quantum size effect of these small crystallites, although the diameters of the nanoparticles are 
comparable to the excitonic Bohr radius (~3.5 nm) of CdS [12]. 
 

 
Figure5: Optical energy gap of ZnxCd1-xS thin films with various mixture  ratio: 

(a) x=0,(b) x=0.1, (c) x=0.3, (d) x=0.5, (e) x=0.7, (g) x=0.9, (f)=1. 
 

5. CONCLUSION 
The nanocrystalline ZnxCd1-xS thin films are prepared on glass substrates by CBD technique. The films obtained by this 
method , after ultrasonic cleaning , are smooth surfaces, uniform and adherent to substrates. The XRD analysis shows 
mixture of cubic and hexagonal structure and the presence of small peaks for all thin films in the x-ray diffractogram 
reveals the formation of nanocrystalline films of a polycrystalline type. AFM studies shows that, the root mean square 
surface of the films is increase from 0.859 to 1.22 nm and the average roughness from 0.701 to 0.986 nm as x increase 
from 0.1 to 0.9. The band gaps of ZnxCd1-xS thin films increased from (3.63 to 3.90 eV) with increasing Zn2+ content in 
chemical bath from (0.1- 0.9). 
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