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Abstract- Nanocrystalline cadmium sulfide thin films were 

successfully grown on Si(100) substrates using microwave-

assisted chemical bath deposition technique. Aqueous solutions 

of cadmium chloride (CdCl2) and thiourea [SC(NH2)2] were 

used as cadmium Cd+2 and sulfur  S-2 ions sources, respectively 

to prepare nanocrystalline CdS thin films. The effect of 

reagents molar concentration on the quality of the prepared 

CdS thin films was investigated. Analysis revealed that using 

the chemical bath deposition technique aided by microwave 

irradiation good quality nanocrystalline CdS thin films can be 

grown on Si substrates by relatively short deposition time. 

Simple and cost effective way was introduced to synthesis 

nanocrystalline CdS thin films on Si substrates that would have 

potential application prospects in optoelectronic applications. 

Keywords- CdS; nanocrystalline thin films; microwave; 

CBD technique; molar concentration. 

I. Introduction 

Cadmium sulfide (CdS) is one of the most important II–

VI semiconductors with a direct band gap of 2.42 eV at 

room temperature [1]. It is a promising material for visible 

light detection and a wide range of optoelectronic 

applications including solar cells, optical sensors and light-

emitting devices [2]. CdS can be prepared using various 

techniques [3-6]; chemical bath deposition (CBD) has been 

extensively utilized because of the low cost synthesis route 

and high production scale. It is a potential technique that 

produces homogeneous and high-quality CdS thin films [4]. 

The Properties of CBD-CdS thin films are significantly 

affected by preparation parameters such as molar 

concentration, temperature, deposition time and the pH. A 

substantial number of studies have been devoted to optimize 

growth parameters of CdS thin films prepared by CBD [7-

10]. Few studies are reported on CdS growth on Si 

substrates using the CBD technique [11,12]. CdS thin films 

prepared on Si using CBD technique showed poor quality. 

Studies revealed that Si substrates suffered structural 

changes and induced defects during the deposition of CdS 

that would deteriorate the quality of the deposited thin films 

[12]. Microwave-assisted heating is considered a promising 

method for rapid preparation of inorganic nanostructures in 

the liquid solvents [13]. It is more efficient than that 

achieved by conventional heating methods. Microwave 

irradiation ensures homogenous distribution of temperature 

within the synthesis vessel with no thermal gradients. It 

provides uniform growth media that have a crucial role in 

improving the quality of the synthesized materials [14]. In 

this study, nanocrystalline CdS thin films are grown on Si 

substrates using the CBD technique, aided by microwave 

irradiation as heating source. The effect of reagents molar 

concentration on the quality of the prepared thin films was 

investigated. 

II. Experimental details 

Nanocrystalline CdS thin films were grown on Si(100) 

using microwave-assisted chemical bath deposition 

(MACBD) method. Aqueous solutions of cadmium chloride 

(CdCl2) and thiourea [SC(NH2)2] were used as sources of 

Cd2+ and S2- ions in the solution, respectively. Ammonium 

acetate (NH4CH3COO) was added as a buffer solution to 

control the release of ions during the deposition process [8]. 

Prior to the deposition, Si substrates were cleaned using the 

Radio Corporation of America (RCA) method. Different 

molarities (0.04, 0.06, 0.08 and 0.10 M) of CdCl2 and 

thiourea were used to prepare CdS thin films. First, 10 ml of 

CdCl2 were added to 100-ml beakers. Then, an appropriate 

amount of 0.5 M (NH4CH3COO) was added drop by drop 

under continuous stirring. After 10 min, 10 ml of thiourea 

were added dropwise to the solutions. Deionized (DI) water 

(resistivity ~18.2 MΩ cm) was added to the beakers solution 

to achieve a total volume of 80 ml. Ammonia solution (28% 

of NH3 solution) was then added to obtain a pH of 10. The 

cleaned Si substrates were immersed in the beakers 

vertically; the beakers were then covered and heated in a 

microwave oven for 20 min at 75°C. After the deposition 

process was done, samples were washed and ultrasonicated 

with DI water for 1 min to remove the surface impurities, 

and then dried with pure nitrogen gas. structures properties 

of the synthesized CdS thin films were characterized using 

high-resolution X-ray diffraction (HR-XRD) PANalytical 

X’Pert Pro MRD diffractometer system, equipped with Cu 

K-

morphological properties were studied using field-emission 
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scanning electron microscopy (FE-SEM, FEI Nova 

NanoSEM 450) equipped with an energy-dispersive X-ray 

spectroscopy (EDX, Oxford Instruments Analytical Ltd.). 

III. Results and discussion 

A.  Structural analysis 

Fig. 1 shows the XRD pattern of the grown 

nanocrystalline CdS thin films. The grown CdS thin films 

showed a predominant diffraction peak located at a 

diffraction angle (2θ) of ~ 26.70°. The observed diffraction 

peaks correspond to the (111) plane of the cubic CdS 

structure, as compared with the standard data (ICCD-PDF4 

No. 01-080-0006). Similar observations have been reported 

by other authors [15,16]. As shown in the pattern, the 

crystallinity of the grown CdS thin films is significantly 

affected by varying the molar concentration of the ion 

sources. The diffraction peak intensity of the (111) plane 

increased and became sharper with increasing the molar 

concentration, indicating that the crystallinity of the grown 

CdS thin films was improved [7]. CdS thin film prepared 

using 0.08 M showed better crystallinity. The full width at 

half maximum of the (111) plane was smaller compared 

with other grown thin films, which indicates better 

crystalline structure. No other peaks attributed to impurities 

were detected, confirming the purity of the synthesized thin 

film. 

 
Fig.1. XRD pattern of the nanocrystalline CdS thin films 

grown on Si(100) substrates using different molar 

concentrations of reagents. 

 

 The crystallite size of the prepared CdS thin films was 

calculated according to the Debye–Scherrer formula [17]: 

 

                    (1) 

 

Where D is the average crystallite size (nm), is the 

wavelength of the X-ray (0.15 nm),  is the full-peak width 

at half maximum (FWHM) of the XRD spectrum of CdS 

thin films (radians), and θ is the diffraction angle (radians). 

The calculated D for the prepared CdS thin films with 0.04, 

0.06, 0.08 and 0.10 M were 18, 32, 36, and 30 nm, 

respectively as listed in Table 1. Values indicate that the 

synthesized CdS thin films are of nanocrystalline structure.  

B.  Morphological and EDX characterization 

The surface morphology of the prepared nanocrystalline 

CdS thin films was observed through FESEM. As shown in 

Fig. 2, the morphology of the prepared thin films was 

markedly affected by the reagents molar concentration. 

When the molarity increased from 0.04 to 0.08 M, thin film 

surface became compact and consistent, without the 

presence of voids or pinholes. Further increasing in reagents 

molar concentration does not seem to enhance the quality of 

the deposited thin films. As the molar concentration further 

increased, the products of Cd2+ and S2- ions became 

excessive and cluster by cluster reaction mechanism 

dominated [9]. CdS precipitated as clusters in the solution 

and consequently, fewer ions were deposited on the 

substrate during the reaction, resulted in poor-quality 

deposited thin film. As shown in Fig. 2d the resulting CdS 

thin film is ragged with obvious voids. EDX analysis 

confirmed the presence of Cd and S ions in the all prepared 

samples. The prepared nanocrystalline CdS thin films are Cd 

rich which it could be due to the due to the higher reactivity 

of Cd compared with S [18]. The Cd/S ratios were found to 

be decreased with increasing the molar concentration. 

Higher Cd/S ratio of 1.60 was for the CdS thin film prepared 

using 0.04 M. The atomic percentages of Cd and S in the 

prepared nanocrystalline CdS thin films are listed in Table 

1. No other elements were detected, thereby confirming the 

purity of the grown thin films. Results are in good 

agreement with the XRD analyses.  

 
Fig. 2. FESEM images of nanocrystalline CdS thin films 

grown on Si(100) substrates via MACBD. (a) 0.04 M,  

(b) 0.06 M, (c) 0.08 M and (d) 0.10 M. 

 

 
Table.1 EDX analysis and average grain size of 

nanocrystalline CdS thin films prepared using different 

molar concentrations of reagents. 
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IV. Optical properties 

The optical properties for the grown studied through 

photoluminescence (PL) measurement. Fig. 3 showed room 

temperature-PL spectra for the grown CdS thin films. The 

examined samples exhibited an efficient emission appeared 

at ~ 500 nm (green emission band). The observed emissions 

are related to the near-band edge (NBE) emission of CdS 

(2.42 eV), resulting from the recombination of free excitons 

[19]. The strong emissions are coupled with broad peaks 

observed around 700 nm (yellow emission band). The 

yellow band broad peaks are attributed to deep-level 

emission (DLE), which was due to crystalline surface 

defects and/or sulfur vacancies [20]. However, the prepared 

CdS thin films were S-deficient, as indicated by the EDX 

analysis. Therefore, the observed yellow band is possibly 

attributed to the emission from sulfur vacancies in radiative 

recombination [21]. As shown in Fig. 3, thin film prepared 

using 0.08 M showed the lowest-intensity defect emission. 

The high NBE/DLE ratio indicates a high-quality 

synthesized thin film with minimum defects. 

 

 
Fig. 4. PL spectra of nanocrystalline CdS thin films 

grown on Si(100) substrates using different molar 

concentration of reagents. 

V. Conclusions 

Nanocrystalline CdS thin films were successfully grown 

on Si substrates using MACBD. Analysis revealed that the 

quality of the synthesized thin films was significantly 

affected by the reagents molar concentration. Better CdS 

thin film characteristics were obtained using 0.08 M. The 

structural and morphological properties of the prepared thin 

film were markedly improved. PL measurement 

demonstrates the good optical properties of the prepared thin 

film using 0.08 M. The high band-edge to defect emission 

indicates that the synthesized thin film possesses a high-

quality structure with minimal defects. A cost effective and 

simple method was introduced to synthesis high-quality 

nanocrystalline CdS thin films on Si substrates that would 

have potential applications in the field of optoelectronics.  
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