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Abstract: CdS thin films were deposited on glass substrates using cadmium sulphate as the cadmium ion 
source, thiourea as the sulphur source and ammonia as the complexing agent using chemical bath deposition 
technique.The effects of varied solution temperature from 65ºC to 85ºC in a step of 10ºC on the crystallographic 
structure of as-deposited films were investigated. CdS film deposited at 85º C shows smooth surface and all 
major diffraction peaks related to hexagonal structure. An attempt is also made to study the effect of molar 
concentrations of thiourea content on the macro and micro parameters of thin CdS films, by keeping bath 
temperature and cadmium sulfate (3CdSO4·8H2O) concentration constant at 85°C and 5 mM respectively. 
Structural analysis results suggests that major diffraction peak is observed at about 26.8 which is related with 
the (002) diffraction line of the CdS hexagonal crystalline phase or (111) of CdS hexagonal crystalline phase. 
Optical band gap energy for CdS thin film lies in the range of 2.32-2.42 eV decreases with increase of thiourea 
concentration. 
Keywords: Cadmium sulphide thin films, Chemical Bath Deposition Technique, Bath Temperature, Structural 
and Optical analysis. 
 
Introduction and Experimental 

CdS is a II–VI metal chalcogenide semiconductor intensively investigated over the years because of its 
application in optoelectronic devices, thin film solar cells and optical detectors. In order to prepare transparent 
and high-resistivity CdS thin films with the good conformal coverage [1], various deposition techniques such as 
vacuum evaporation [2], sputtering [3], spray pyrolysis [4], chemical bath deposition (CBD) [5], and successive 
ionic layer adsorption and reaction (SILAR) [6] are used. Out of these CBD is an attractive deposition 
technique widely used to prepare buffer layer in thin film solar cell based on copper indium gallium diselenide 
(CIGS) With the CBD–CdS thin films as the buffer layer, the highest efficiency of CIGS thin film solar cells 
have reached 20.8%. This prompts to study and interpret effect of bath temperature and thiourea concentration 
on structural and optical properties of films. 

In the first stage effect of bath temperature on CdS thin films were investigated. For that films were deposited 
on the commercial microscope glass substrates from chemical solution containing 5 mM cadmium sulfate 
(3CdSO4·8H2O), 20 mM thiourea (H2NCSNH2) and 50% ammonium hydroxide (NH4OH) at different bath 
temperatures (viz. 65, 75, 85). Thicknesses of the films were estimated using gravimetric weight difference 
method. Films were also deposited by varying composition of the thiourea keeping deposition temperature at  
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85°C and CdSO4 concentrations constant at 5 mM. Crystal structures of as-deposited films were studied using 
GIXRD (Bruker D8 Advance) on Cu Kα radiation and standard θ–2θ geometries. Optical bandcap Eg of CdS 
layers was estimated from the measurements of transmission spectra (without corrections for reflectivity) using 
UV/Visible spectrophotometer in the wavelength range of 300-800 nm.  

Results and discussion 

Figure 1 shows the X-ray diffraction patterns of the CdS films deposited at different bath temperature. The 
XRD pattern of CdS film deposited at 65°C shows only one line at 2θ = 26.8° which corresponds to the (002) 
plane of hexagonal or the (111) plane of cubic CdS, suggesting an extremely poor degree of crystallinity. When 
CdS film was deposited at 85 °C, the peaks at 2θ = 26.8° and 43.8° which can be assigned to the (002) and 
(110) planes of the hexagonal or (111) and (220) planes of the cubic CdS structure appear.  
 

To distinguish phase structure, the concentrations of thiourea in reaction solutions were varied in the range of 
10 mM to 20 mM keeping cadmium sulphate concentration constant at 5 mM. The temperature of the reaction 
solution was set at 85°C maintaining pH of the solution at 10. All CdS films were homogeneous, specularly 
reflecting, yellowish and adhered very well to the substrates. The crystalline structure of the films was studied 
by X-ray diffraction (XRD) measurements. Figure 2 shows XRD pattern of CdS films deposited with different 
thiourea concentrations. All these patterns display one diffraction line of the CdS hexagonal crystalline phase or 
(111) of CdS cubic crystalline phase. The noise and hump around the peaks do not allow us to distinguish the 
crystallographic structure of the films. However, for thiourea concentration of of 20 mM it is more likely that 
films structure is predominantly hexagonal, conjectured by the presence of the (203) planes of this crystallinity 
and no other peaks of cubic phase CdS observed.  
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Figure 1: XRD plots of CdS films deposited at different 
bath temperature (a) Tbath = 65°C, 
(b) Tbath = 75°C and (c) Tbath = 85°C  
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Figure 2: XRD plots of CdS films deposited with 
different thiourea concentrations  
(a) 10 mM (b) 15 mM and (c) 20 mM keeping solution 
temperature constant at 85° C and CdSO4 concentration 
5 mM 

 
 

 

The optical transmittance of CdS thin films deposited at different bath temperature, is measured in the 
wavelength range of 400–800nm. Using the standard expression for direct transition between two parabolic 
bands (αhυ)2 = A(hυ − Eg), the optical band gap Eg of CdS thin films has been calculated by extrapolating the 
linear (αhυ)2 vs. hυ plots to (αhυ)2 = 0, as shown in figure 3. 
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Figure 3 Plots of (αhυ)2 versus hυ for films deposited with different Thiourea concentrations (a) 10 mM (b) 15 
mM and (c) 20 mM keeping solution temperature constant at 85° C and CdSO4 concentration 5 mM 
 
It is seen that the optical band gap energy for CdS thin film lies in the range of 2.32-2.42 eV, increases with 
increase of thiourea concentration. Similar trend was observed by Mahdi et. al [7] for their CdS films deposited 
using microwave assisted CBD technique. Variations in energy band gap can be explained in terms of quantum 
confinement related with particle size.  

References 

1. N. Naghavi, D. Abou-Ras, N. Allsop, N. Barreau et.al. Buffer layers and transparent conducting oxides 
for chalcopyrite Cu(In,Ga)(S,Se)2 based thin film photovoltaics: present status and current 
developments, Progress in Photovoltaics: Research and Applications 2010, 18, 411–433 

2. Shah N M, Ray J R, Desai M S, Panchal C J, Influence of substrate temperature on structural, optical 
and electrical properties of evaporated cadmium sulphide thin films Journal 0f Optoelectronics and 
Advanced Materials 2010, 12(10), 2052 -2056. 

3. Nam-Hoon Kim, Seung-Han Ryu, Hyo-Sup Noh, Woo-Sun Lee, Electrical and optical properties of 
sputter-deposited cadmium sulfide thin films optimized by annealing temperature, Materials Science in 
Semiconductor Processing 2012, 15(2), 125-130. 

4. Yadav A A, Masumdar E U Photoelectrochemical investigations of cadmium sulphide thin film 
electrodes prepared by spray pyrolysis Journal of Alloys and Compounds, 2011, 509 (17), 5394-5399. 

5. Shah N M Structural, morphological and optical properties of cadmium sulphide thin films grown using 
chemical bath deposition technique, AIP Conf. Proc., 2013, 1536, 445-446. 

6. Dhawale D.S., Dubal D.P., Phadatare M.R., Patil J.S., Lokhande C.D., Synthesis and characterizations 
of CdS nanorods by SILAR method: effect of film thickness, Journal of Materials Science, 2011, 46 , 
5009–5015. 

7. Mahdi M A, Hassan Z Ng S S  Hassan J J Mohd Bakhori S K., Structural and optical properties of 
nanocrystalline CdS thin films prepared using microwave-assisted chemical bath deposition, Thin Solid 
Films, 2012, 520, 3477 – 3484. 

 

***** 


