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Abstract— The cadmium Sulphide (CdS) thin films were 

prepared from alkaline bath using cadmium sulphate, 

thiourea and ammonia as Cd2+, S2- ion sources and ligand 

respectively. The preparative parameters such as ion 

concentration deposition time, pH of solution, were 

optimized. The structural, optical, electrical properties and 

the type of conductivity were studied by thermoemf 

measurement. From the optical absorption data, an energy 

gap equal to 2.46eV was found. The film deposited with 

ammonia concentration of 1.0 M show the highest degree of 

crystallinity and have a preferred orientation. 
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I. INTRODUCTION 

Cadmium Sulphide (CdS) belongs to group II-VI 

semiconducting materials [1]. Cadmium Sulphide is a 

chemical compound with the formula CdS. It is yellow in 

colour and is a direct band gap semiconductor [2], with a 

bandgap of 2.42ev at 300k [3-4]. So, it is promising candidate 

among Ⅱ−Ⅵ group compounds. Cadmium Sulphide exist in 

nature as, tow crystal forms the more stable hexagonal 

Greenockite & the cubic Hawleyite. In both of these forms 

the cadmium & Sulfur atoms are four coordinates [5-9]. The 

nature of chemical bonding of both forms is commonly 

described by sp3  hybridization. The coordination shell of the 

anion is made up of four cations in tetrahedral symmetry & 

the second neighboring shell is made up of 12 anions. CdS is 

one of the important materials for application in electro-optic 

devices such as laser materials [10-11], transducers, photo 

conducting cell, photosensor, optical wave guides and non-

liner integrated optical device [12], electrochemical cell, gas 

sensor [13], photocatalysis and biological sensors [14-16]. 

Recently, CdS is also applied to dye-sensitized 

photoelectrochemical cells to improve their performance [17-

18]. This is because CdS thin film have high transparency, 

high electron affinity & n-type conductivity [19]. Chemical 

bath deposition (CBD) is the simplest, inexpensive and 

convenient method for large area deposition at room 

temperature. It is also known as chemical solution deposition 

(CSD) or chemical deposition (CD). This technique was first 

used for the deposition of silver on the silver mirror by Liebig. 

The deposition technique was first described in 1869. For the 

deposition of films this technique requires a vessel to contain 

the aqueous solution of common chemical & the substrate on 

which deposition is to be carried out. In addition to this 

condition like, deposition condition such as mechanism for 

stirring and thermostat bath to maintain a specific and 

constant temperature should be optimized. The general 

review on chemical bath deposition technique were published 

by many researchers [20-24].   

II. EXPERIMENTAL DETAILS 

The experimental set up used for the thin film deposition by 

chemical bath deposition (CBD) method consist of container, 

usually a glass beaker, magnetic stirrer, substrate holder and 

thermometer etc. The bath is kept on the magnetic stirrer-

heater set up in order to maintain the constant temperature. 

The substrates are dipped in to the glass beaker containing 

precursor solution. The glass beaker serves two purposes as 

chemically inertness and visibility inside the bath. Detail 

information regarding the deposition procedure is as follows. 

A glass micro slides of the dimensions 75mm× 25mm× 

1.10mm is used as substrate. Before deposition process, the 

glass substrates were cleaned with double distilled water, 

boiled in chronic acid for 2hr. Again, the substrates were 

washed with detergent, rinsed in acetone and finally 

ultrasonically cleaned with distilled water. This process is 

done to ensure a clean surface, which plays an important role 

in the deposition of thin films. The chemicals used for the 

deposition were analytical grade and all the solutions were 

prepared in the deionized water. Cadmium Sulphide (CdS) 

thin films were prepared from the chemical bath containing 

solution of cadmium sulphate (CdSO4) thiourea (CH4N2S) 

acts as a source of cadmium & Sulphide ion respectively. And 

aqueous ammonia (aq. NH3) is used as a complexing agent 

during deposition process. The CdS thin films were deposited 

on glass substrate. For the deposition of CdS thin films 20ml 

of 0.1M cadmium sulphate solution into 50ml glass beaker. 

This solution was stirred well, and then about 3.5ml of 30% 

aqueous ammonia was mixed, followed addition of another 

20ml of 0.1M thiourea solution. The mixture was stirred for 

a few seconds by a magnetic stirrer and then transferred to 

another beaker containing cleaned glass substrates, clamped 

vertically into it. After few minutes later, the substrate was 

found to be covered with yellow deposits. The bath was 

covered to help to stabilized the temperature and reduce the 

loss of ammonia. After deposition, the substrate was taken out 

from the bath, washed with de-ionized water and was dried in 

air. In order to investigate the optical an electrical property of 

CdS thin films, deposition was carried out at 70°C. 

III. RESULTS AND DISCUSSION 

The rate of formation of cadmium Sulphide thin film and 

reaction is controlled by parameters, such as the 

concentration of precursors, temperature, pH of solution and 

deposition time. In the presence of Cd2+ from cadmium 

sulphate and S2- ions from thiourea in the bath, CdS will be 

formed if the ionic product (IP) of Cd2+ and S2- exceeds 

solubility product (SP) of CdS [Ksp (CdS) = 10-28]. For the 

optimization of the concentration of Cd2+ ions, 20ml 0.1 M 

thiourea [CH4N2S] solution was taken in each beaker 

containing glass substrate and 20ml 0.1M cadmium sulphate 

(CdSO4) solution of various concentrations (0.025 to 0.15M) 

was added in each beaker. The reactant beakers were kept at 
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room temperature (300K) with constant stirring for 

deposition time of 2hr. then the films were taken out, washed 

with distilled water and then dried. Fig.1.1(a) shows variation 

of CdS film thickness for various concentration of Cd2+ ion. 

It is observed that initially, CdS film and reaches maximum 

value (250nm) at 0.1 M. after this, the thin film thickness is 

decreased, which is due to the formation of outer porous 

layer, as a film peeled off the substrate [25]. 

 
Fig. 1.1 Variation of CdS film thickness with (a) Cd+2  ion 

concentration for 0.1 M thiourea and deposition time 120 

min. 

 
(b) Deposition time for 0.1 M thiourea and 0.1 M cadmium 

sulphate 

 Fig.1.1 (b) shows the variation of CdS film thickness 

as a function of deposition time. Initially film thickness 

increases with deposition time reaches maximum value and 

then decreases. Such behavior can be understood by film 

formation and continuous precipitation in the bulk of 

solution. The thickness of CdS film was found to vary 

between 100 to 250 nm with deposition time 1 to 3 h. Thus, 

optimized deposition condition for CdS thin film are (0.1 M, 

20ml) cadmium sulphate [CdSO4.3H2O], (0.1M, 20ml) 

thiourea [CH4N2S], 2h. deposition time, pH of the solution 10 

and deposition temperature 300 K. 

A. X-ray Diffraction (XRD)  

The crystal structure and grain size were determined from X-

Ray diffraction pattern. The XRD pattern of CdS thin film is 

shown in Fig. 1.2. The XRD data were processed to obtain 

interplanar distance (d) and Corresponding (h k l) values and 

are presented in table 1.1. By comparison of observed 

interplanar distance, ‘d’ and standard ‘d’ values, it is 

concluded that the formed compound is cadmium Sulphide 

with cubic crystal structure [26]. The grain size was 

calculated for (200) plane by using Scherrer’s relation. The 

grin size 40nm indicates the film is nanocrystalline. 

 
Table 1.1: Comparison of observed ‘d’ values with standard 

‘d’ values for CdS thin film deposited by CBD method. 

 
Fig. 1.2: The XRD pattern of CdS thin film on glass 

substrate 

B. Optical Absorption  

The absorption spectra of thin film samples were measured at 

room temperature as function of wavelength without 

considering losses due to reflection and scattering. The 

optical absorption of CdS film was studied in the wave length 

range 350-850nm in order to study optical behavior in visible 

range without taking into account the reflection and 

transmission losses. The absorption spectra were used to 

calculate energy band gap. Fig. 1.3 shows the variation of 

optical absorbance (αt) with wavelength (λ). The optical 

absorbance (αt) decay exponentially with an increase in 

wavelength. 

 
Fig. 1.3: Variation of absorbance of CdS thin film with 

wavelength (λ) 
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Fig.1.4: Variation of (αℎυ)2 verses ℎυ of as-deposited CdS 

thin film 

 Fig. 1.4 shows variation of (αℎυ)2 verses ℎυ of as-

deposited CdS thin film on glass substrate at room 

temperature. The band gap was determined from the intersect 

of straight-line portion of (αℎυ)2 versus ℎυ graph. The as-

deposited CdS thin film shows the optical band gap 2.46 eV. 

C. Electrical Resistivity 

To study the electrical resistivity of CdS thin film, the dark 

electrical resistivity measurement was carried out in the 

temperature rang 300-400 K using the DC two-point probe 

method. It is observed that resistivity decreases with 

increasing temperature, suggesting the semiconducting 

behavior of CdS thin film. It was reported that the electrical 

resistivity of nanocrystalline material is expected to be higher 

than that in the corresponding coarse-grained polycrystalline 

material [27]. It is well known that electronic transport 

properties of thin film nanocrystalline and or polycrystalline 

semiconductor films are strongly influenced by their 

structural characteristics (the crystallite shape and size, inter-

crystallites boundaries, lattice defects etc.) and purity (nature 

and concentration of the impurities, adsorbed and absorbed 

gases etc.) [28]. The room temperature resistivity of the CdS 

thin film on glass was found to be 6.463 × 107 Ω-cm. The 

variation of log of resistivity (log ρ) with reciprocal of 1/T 

×103K-1 depicted in fig.1.5 

 
Fig. 1.5: Variation of electrical conductivity with inverse of 

absolute temperature 

D. Thermoemf  

The type of electrical conductivity exhibited by CdS thin film 

was determined by thermoemf measurement. The 

temperature difference causes a transport of carriers from hot 

end to cold end and thus creates an electric field which gives 

rise to thermal voltage. It was found that the polarity of 

thermoelectric voltage for nanocrystalline CdS thin film was 

in favor of n-type conductivity.  

IV. CONCLUSION 

CdS films were obtained using the chemical bath deposition 

method, which is a simple technique to growth chalcogenides 

compounds. Particularly, the CBD technique is an easy low-

cost process, and useful for large-area industrial applications, 

reason for which it has been very used in the current days. 

CBD is a process to achieve high quality films, which are 

obtained by adjusting the pH, temperature and reagent 

concentrations. Normally, for obtaining CdS thin film by 

CBD in aqueous solution cadmium salt is used as the Cd ion 

source, thiourea as the sulfur source, a base to adjust the pH f 

solution, and a ligand to control the precipitation of 

chalcogenides and hydroxides. I this particular work we 

synthesis the CdS thin film with good properties by chemical 

bath deposition technique using ammonia as a complexing 

agent. The deposited thin film showed a good electrical 

behavior in the interface metal semiconductor with values in 

the order 3.1× 103Ω-cm. from the study of absorbance and 

transmittance spectra it has been found that CdS thin films 

with direct band gap of 2.31eV can easily obtained by CBD 

technique. These characteristics in the CdS films make them 

a suitable candidate for various optoelectronics and device 

applications.  
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