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1. INTRODUCTION: 
PVA capped CdS thin films has gained considerable research attention in recent years and metal ion doped CdS 

thin films have been becoming a promising candidate for various applications. It is a direct band gap material belonging 

to the II-VI semiconductor compounds. As CdS is highly reproducible, stable and cost effective material, it finds 

applications in optical detector, photovoltaic industry and optoelectronic devices [1-5]. They are also conveniently used 

as suitable material in photonic devices like light emitting diodes [6], solar cell [7], and lasers [8]. But it exhibits poor 

conductivity as low as 10-8 (Ωm)-1 which has been reported [9]. Such limitations in properties can be removed when it 

is doped with different dopants like metal ions to different extends followed by the process of annealing at different 

temperatures [10]. The different techniques such as spray pyrolysis [11], chemical bath deposition [12-14], successive 

ionic layer adsorption and reaction [15], etc. are used for fabrication of CdS thin films. The Structural characterization 

and optical properties are investigated in the present study. 

 

2. LITERATURE REVIEW :  

A brief review of earlier works on CdS thin films can be described as follows. 

 KL Narayanan et al. [16] prepared CdS thin film by chemical bath deposition in which the parameters for the 

preparation of CdS thin films of good adhesion and uniformity have been standardized. The reduction in resistivity 

occurs when substantial fraction of the film is converted to CdO. C. Santiago Tepantlan et al. [17] prepared CdS thin 

film by means of chemical spray pyrolysis technique. From this analysis, the value of direct band gap was found to vary 

from 2.37 to 2.41 eV. A. Tanushevski et al. [18] deposited thin films of CdS using chemical bath deposition method 

(CBD). They studied the  effects of thermal treatment on these films in air atmosphere at different temperatures. The as 

prepared and annealed films were polycrystalline with hexagonal structure. They also studied photoconductivity of CdS 

thin films and it was found the fast photoconductivity varies by changing the heat-treatment conditions and the maximum 

photoconductivity was found for films annealed at temperature of 450 °C. M.C. Acosta-Enriquez et al. [19] developed 

the nanomatric layers of CdS developed using chemical bath deposition technique. The crystallite sizes were found as 

3 nm and 30 nm and their band gap energies were also found as 2.37ev and 2.53eV. M. Silambarasan et al. [20] prepared 

CdS nanoparticles by wet chemical method. The UV- absorbance peak were obtained at 547 nm and the PL  emission 

was obtained around 547 nm.  A I Oliva et al. [21]  prepared CdS films doped with Zn and Cu by the chemical bath 

deposition technique. The band gap energy for Cu doped Cds film was found to vary from 2.26 -2.56 eV and for Zn 

doped films to vary from  2.36 to 246 eV. G. Mustafa et al. [22] investigated the Chemically-deposited CdS thin films 

using various techniques to discuss annealing effects on the structural, morphological, optical and electrical properties 

of the films.  They observed from XRD  analysis that the deposited layers are mainly consisting of CdS phase. They 

also found that the metastable cubic phase was transformed into stable hexagonal phase after annealing. The average 

grain sizes were found to increase and the lattice constant, micro-strain and dislocation density were found to decrease 

after annealing. The optical absorption was also studied and the band gap was observed to be 2.42 eV for as deposited 

and be 2.27 eV upon heat treatment at 673 K for one hour in air. The conductivity of this film was found to increase 

with increase of temperature. R.John Xavier et al. [23] prepared cadmium sulfide thin film by chemical bath deposition 
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technique From the analysis of photoluminescence, the energy ban dgap was found to be 2.61eV. Shujahadeen B.Aziz 

et al. [24] prepared cadmium sulfide nanoparticle by in-situ chemical reduction technique embedded in polyvinyl alcohol 

(PVA). They found that the ac activation energy values shifted to lower energies on doping with Cds nanoparticle  and 

increased with increasing of the applied field frequency. Anshu Panbude et al. [25] prepared cadmium sulphide and 

cadmium zinc sulphide thin film by chemical bath deposition technique. It was found that the studies of absorbance 

spectrum for the multilayer bulk thin film is better than mono and double layer thin film. Tauqeer Hussain et al. [26] 

prepared cadmium sulphide and cu doped Cds film by the hydrothermal assisted chemical bath deposition (HACBD). 

They found that the optical band gap decreases with the Cu2+ doping concentration ranging from 2.5 eV to 2.21 eV due 

to the addition of impurity percentage added. 

3. MATERIALS: 

The commercial microscope’s ordinary glass slide (GEMS) of size 75mm x 25mm x 1.25mm were used as a 

substrate for film deposition. Liquid detergent, distilled water and acetone were used for cleaning the glass substrate. 

Cadmium acetate of AR grade was used as the source of Cadmium ion and Thiourea of AR grade was used as the source 

of sulfide ion source. Polyvinyl Alcohol (PVA) was used as the capping agent. Cupric acetate of AR grade awas used 

as the dopant. 

 

4. METHOD: 

For fabrication of CdS and CdCuS thin films in PVA matrix, the glass substrates were first cleaned by liquid 

detergent and washed thoroughly in distilled water and the same is boiled in distilled water for a 20 minutes. They were 

then immersed in acetone for 30 minutes and dried in an oven for 45 min before deposition. The matrix solutions was 

prepared by adding cadmium acetate solution of 0.3M to an aqueous solution (0.5wt%) of PVA separately with constant 

stirring at 70⁰C until a clear solution is obtained. The PH value of the solutions was maintained at around 9 by slowly 

adding ammonia solution drop by drop. Then the equimolecular solution of Thiourea was added to the matrix solutions. 

The same was stirred slowly until the color of the resulting solution was turned into yellow slowly. Four ultrasonically 

cleaned glass substrates were immersed vertically in the solution using a suitable substrate holder for 3h at 50⁰C for 

deposition of CdS thin films. The as deposited CdS thin films on the glass substrate were taken out and washed 

thoroughly in distilled water several times and dried in air and then put in a dessicator. The reaction mechanism of the 

above process is as follows [27-28]:  

The hydrolysis of thiourea [(NH2)2CS] in solution gives  S2- ions as below  

(NH2)2CS + 2 OH- =   CH4N2 O +   HS-  

HS- + OH-   =    H2O + S2-  

Again, the hydrolysis of ammonia  in water also gives OH- ions as below 

NH3 + H2O =  NH4
+  +  OH-  

When ammonia solution is added to Cd2+ salt solution, Cd(OH)2 starts precipitating, 

 i.e.  Cd2+ + 2OH-  =   Cd(OH)2  

If the amount of ammonia is increased, this Cd(OH)2 precipitate dissolves in excess ammonia solution to form the 

complex Cadmium tetra-amine ions [Cd(NH3)4 ]2+   

 i.e. Cd2+  +  4NH3   =  [Cd(NH3)4 ]2+  

Finally the CdS thin film is formed as below. 

[Cd(NH3)4 ]2+  +  S2-  =  CdS + 4NH3  

Similarly, the Cu-doped CdS thin films of 0.3 M were deposited on the glass substrate by adding an equimolar solution 

of cupric acetate to the precurser mixture solution of cadmium acetate, PVA and then thiourea solution maintaining the 

same pH value. Thus, the additional reactions corresponding to Cu doping processes would also take place as described 

below: 

 

Cu2+ + 4NH3   =   [Cu(NH3)4]2+,  

 

[Cu (NH3)4]2+ + S2− → CuS + 4NH3 

 

5. DISCUSSION: 

In present investigation, we employed the chemical bath deposition technique for fabrication of CdS thin films 

as it has many advantages such as no requirement for sophisticated instruments, minimum material wastage and 

economical way of large area deposition. Further, the film fabricated by this method exhibits better photoconductivity 

and has improved morphological properties such as roughness and pinhole density as compared with film processed by 

other techniques [29]. This technique can be used to deposit the compounds possessing the properties like simple 

precipitation, highly insoluble in the solution, chemically stable in the solution, and a slow reaction with production of 
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free anion [30]. However, in this technique, the chemical reactions are carried out in alkaline solution. A complexing 

agent which can reduces the concentration of free metal ions is added to prevent the precipitation of metal hydroxides. 

 

6. ANALYSIS: 

6.1 XRD ANALYSIS: 

 The X-ray diffraction technique using Burker AXS D8 advance with Cu-kα line (λ = 1.5406 A⁰). is used for the 

structural characterization of CdS and Cu doped CdS (CdCuS)  thin films in PVA matrix were done  by X-ray diffraction 

technique using Burker AXS D8 advance with Cu-kα line (λ = 1.5406 A⁰). The XRD patterns of CdS and CdCuS thin 

films are shown in figures 6.1 and 6.2 and they possess modified cubic structure as confirmed by Reference 42-1411 

from JCPDS-2002 with peaks at 2θ = 29.86, 38.97 and 42.95 with the orientations (1 0 0), (200) and (110) respectively 

for CdS thin film of 0.3M and peaks at θ = 26.66, 44.09, 52.19 with orientations (111), (220) and (311) respectively for 

CdCuS thin films of 0.3M. The XRD patterns reveal that the doping of Cu ions slightly affects the crystalline structure 

of the CdS itself, which can be evidenced by the shift of the main peaks observed for Cu-doped CdS films with respect 

to the undoped CdS films and a significant boardening also occurs after doping of Cd for all orientations. This would 

produce the internal strain when Cu2+ occupies more and more of Cd2+ in the host lattice. The crystallite size of CdS and 

Cu doped CdS thin films is calculated by using Scherrer’s formula,
   


cos
KD 

 
where K is a constant (= 

0.94),  is the full width at half maximum (FWHM) in radian at 2θ. The lattice d-spacing is calculated by using Bragg’s 

Law, nλ = 2dSinθ. As the CdS and CdCuS thus synthesized possess modified cubic structure, the lattice constants for 

cubic phase is determined by using the relation, a = d (h2 + k2 + l2 )1/2. The dislocation density was calculated by th 

relation [31] : δ = 1/D2 Where D is the crystallite size. The microstrain was determined from the formula [31]: ϵ = 

(βcosθ)/4. 
 

 

 

 

6.2. OPTICAL ANALYSIS. 

 The optical property of CdS and Cu doped (CdCuS)  thin films was studied with the help of UV-Visible 

Spectroscopy. The optical absorption spectra of the as deposited CdS and CdCuS thin films are shown in figures 6.3 

and 6.4. As CdS is a direct band gap material, the absorption coefficient is related to band gap by [32] 

 = c (h - Eg)1/2 /h  

where  is absorption coefficient, c is a constant, h is  incident photon energy and Eg is the band gap energy. Graphs 

between h vs (h)2 are plotted for CdS and CdCuS thin films and shown in Figure 6.5 and 6.6. The intercept of the 

extrapolated straight line at the (h)2 = 0 axis gives the value of the Eg of the materials.  

 

 

Fig. 6.1.  XRD pattern of CdS (0.3M) thin film 

 

Fig.6.2.  XRD pattern of CdCuS (0.3M) thin film 
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Fig. 6.3. Asorption Spectra of CdS thin film  (0.3M) 

 
Fig. 6.4.  Asorption Spectra of CdCuS thin 

film (0.3M) 

 

Fig. 6.5. Plot of  of h  vs  (.h)2 of  CdS thin film 

(0.3M) 

 
Fig. 6.6. Plot of  of h  vs  (.h)2 of  CdCuS 

thin film (0.3M) 

 
7. RESULTS.  

The structural parameters of as deposited CdS and CdCuS thin films are shown in table 1 and it is observed that 

the d- spacing decreases with decrease in crystallite size but both dislocation density and microstrain increase with 

decrease in crystallite size for undoped CdS thin films. For Cu doped CdS thin films also, both dislocation density and 

microstrain increase with decrease in crystallite size. From UV-Visible Spectroscopy, the value of Eg so obtained is 

found to be 1.74 eV for undoped CdS thin film and 1.77 eV for Cu doped CdS thin film. Thus, it can be concluded that 

the doping of Cu produces a slightly higher difference on Eg of CdS thin film which is similar to the results of earlier 

workers [21]. It is also observed that the band gap energy of both undoped CdS and Cu doped CdS thin films is very 

small as compared to the band gap energy of CdS in bulk state (2.4 eV ). So, the as deposited thin films becomes a 

narrow band gap materials which can be used for detection of radiation like infrared rays. 

Table.1 Structural Parameters of CdS and CdCuS thin films. 

Films 2θ(o) (hkl) Crystallite 

Size(D)(nm) 

Average 

Value of 

D(nm) 

  d 

(Aº) 

a  

(Aº) 

Dislocation 

Desity, δ = 

1/D2 

Microstrain 

(ϵ) 

 

CdS 

(0.3M) 

29.86 (100)      61   

53.66 

 2.99 2.99 2.68 X 10- 4 5.87 X 10-2 

38.97 (200)      52  2.31 4.62 3.69 X 10 -4 6.92 X 10-2 

42.95 (110)      48  2.11 2.98 4.34 X 10-4 7.42 X 10-2 

 

CdCuS 

(0.3M) 

26.66 (111)      56  

53.66 

 3.35 5.80 3.18 X 10-4 6.4 X 10-2 

44.09 (220)      38  2.05 5.79 6.92 X 10-4 9.42 X 10-2 

52.19 (311)      67  1.75 5.80 2.22 X 10-4 5.4 X 10-2 
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8. CONCLUSION. 

CdS and Cu doped CdS (CdCuS) thin films are successfully deposited on ultrasonically clean glass substrate by 

using the chemical bath deposition technique. Structural analysis indicates that the as prepared films is polycrystalline 

with cubic phases. The average crystallite size estimated from XRD peaks was found to be 53.66 nm for both CdS and 

CdCuS thin films. The energy band gap of thin films synthesized by this method is found to decrease at 1.74 eV for CdS 

and at 1.77 eV for CdCuS. However, doping of Cu increases the band gap energy by 0.3 eV.  
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