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Cadmium sulfide (CdS) is a semiconductor compound of II-

VI group. This material has been widely used in 

applications such as transistors, photodetectors, light emitting 

diodes, sensors, and solar cells. It is extensively used in the 

CuInSe and CdTe-based solar cells as buffer layers. The 

optimum thickness and the optoelectronics properties of CdS 

thin films like optical band gap, electrical resistivity, 

structure, and composition, etc. are to be considered for its 

use functional material. 

 

In this work we report the synthesis of CdS thin films 

electrochemically deposited over optically transparent 

conducting ITO-glass substrates and their characterization by 

various techniques like XRD, SEM, and EDX and optical 

transmission spectroscopy. We have chosen the 

electrochemical deposition route to the deposition because it 

offers deposition over a large area and other advantages such 

as a low-temperature operation, flexible process control and 

economic. Before the deposition process of CdS, ITO  

covered glass substrate has been cleaned using Methanol, 

Acetone, Trichloroethylene, and Distilled water. The 

stoichiometric CdS films were successfully deposited on ITO 

glass substrate using electrodeposition technique from 

nonaqueous solution of  0.055 M CdCl2 and 0.19 M 

elemental sulfur, dissolved in ethylene glycol at 110-120°C. 

The electrodeposition of CdS thin films was carried out 

potentiostatically using a 2-electrode system. Then after CdS 

films were annealed at 200°C for a different time and studied 

its influence on the optical transmission, bandgap, and 

electrical resistivity.  

 

The surface microstructure was observed using scanning 

electron microscope (SEM) JEOL model JSM 5600 LV, 

Energy Dispersion X-ray analysis (EDX) Germany) was also 

done (using Bruker Nano GmbH, Berlin), to confirm the 

presence of possible elements in the deposited film. 

 

 
 

Figure 1. SEM cross-section image of glass/ITO/CdS 

structure. 

 

The SEM cross-section image of the as-deposited CdS layers 

with thickness in a range of 200-300 nm (fig.1) shows the 

good coverage of the ITO surface by the CdS grains. 

However, the visual non-uniformity at the surface of the CdS 

thin films can be due to the high surface roughness of the 

underlying glass/ITO substrate and also can be due to the 

upward growth nature of the electrodeposited layers. As can 

be seen from the SEM image in fig.2 the film has fine grains 

with a diameter in the range of about 30-200 nm. 

 

 
Figure 2. SEM image of the grains of CdS. 

EDX  analysis shows that the composition of Cd and S may 

be considered to be stoichiometric.  

  
Figure 3. EDAX spectra of CdS film 

 

The optical studies indicate that the electrodeposited CdS 

layers have direct bandgaps in the range (2.53 - 2.5 8) eV for 

the as-deposited and (2.42 - 2.48) eV after annealing at 420oC 

for 30 minutes in the air. The optical band gap of as-grown 

CdS is measured to be 2.42 eV, XRD analysis shows that the 

as deposited and annealed CdS layers are polycrystalline with 

hexagonal crystal structure and preferentially oriented along 

(200) planes. The hot probe method confirms the n-type 

conductivity of the CdS film. Hall probe data shows the 

resistivity of the films was in the order of 103 Ωcm. Observed 

data signifies its future use in the many optoelectronics 

devices. 
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