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ABSTRACT: The pure and Co doped CdS polycrystalline films have been deposited onto glass substrates by 

Chemical Bath Deposition (CBD) method. X - ray diffraction (XRD) pattern reveals that all the films exhibit 

hexagonal phase with preferential orientation and the estimated crystallite size decreased from 38nm to 24nm 

for pure and Co doped CdS films. SEM images show that the deposition covered the substrate well. Energy 

dispersive X-ray study confirmed the presence of Cd, S and Co in the films. Fluorescence spectra for as 

prepared films exhibit two distinct strong emission peaks around 518nm and 541nm. The sulphur deficiency is 

reduced due to the presence of Co dopant. The room-temperature ferromagnetic behavior obtained only for Co 

doped CdS films. This DMS material is mainly used for spintronics applications. 
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INTRODUCTION 
 Recently, many researchers aim to obtain room-temperature ferromagnetic (FM) semiconductors for 

spintronics devices [1]. Diluted magnetic semiconductors (DMS) are the most interesting for this purpose, 

because magnetic ions doped in the semiconductor materials are effective than metal oxide systems. i.e., the 

magnetic ions modifies electron transport in the host semiconductor systems. It is well known that the 

paramagnetic ions (Fe, Mn, Ni and Co) in a tetrahedral semiconductor systems that provides the magnetic 

properties of that systems [2, 3]. Particularly, in Co
2+

 doped CdS thin films gives rise to stable soft 

ferromagnetic coupling via a super exchange mechanism. Cadmium Sulphide (CdS) is one of the most 

interesting semiconductor material with direct bandgap (2.42eV) which is suitable for optoelectronics and 

spintronic applications [4, 5] In this perspective, the Cd1-xCoxS thin films are prepared by several chemical 

methods such as spray [6, 7] and chemical bath [8] techniques.  

 

EXPERIMENTAL WORK 

 Substrate used for film deposition is glass slides, which were first cleaned in distilled water in order to 

remove the impurities and residuals from their surfaces, followed by rinsing in chromic acid for one day. Then 

the substrates were washed repeatedly in deionized water, and finally put in ultrasonic agitation with distilled 

water for 15minutes then dried. 

 CdS films were prepared from cadmium chloride and thiourea by chemical bath deposition technique. 

The reagents used were aqueous CdCl2.2H2O, thiourea [CS(NH2)2], ammonium chloride, ammonia and EDTA. 

In the reaction bath, 30ml of 1M ammonia solution was added to 100ml beaker containing 7.5ml of 0.05M 

CdCl2.2H2O, 10ml of 0.1M ammonium chloride. The resulting mixture was added 7.5ml of 1M thiourea and 

5ml of 0.6mM EDTA to make up bath solution. Cobaltous chloride (CoCl2.6H2O) is added for appropriate 

condition. The pH of the solution is 12. The cleaned substrate was vertically inserted in the bath containing 

reaction mixture. The solution was maintained under constant magnetic stirring during the deposition at the 

temperature of 80° C and deposition was allowed for an hour. At the deposition process, the films were taken 

out from the bath and immediately rinsed with water and finally dried. After the complete drying, the films were 

annealed at 350 °C by 1 hour. The thicknesses of the films were found to be approximately determined by 

weight loss method. As prepared samples analyzed as the structural, morphological, elemental and magnetic 

properties has been studied by XRD, SEM with EDX, FL and VSM methods. 
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RESULTS AND DISCUSSION 

STRUCTURAL ANALYSIS 

 
Fig. 1. X - ray diffraction patterns for pure (a) and Co doped CdS (b) thin films 

 

 The X-ray diffraction patterns of pure CdS and Cd1−xCoxS (x = 0 and 0.1M) films are shown in Fig. 1 

(a) and (b), respectively. The diffraction peaks show that the films have polycrystalline nature of hexagonal 

phase, with (0 0 2) preferred orientation, irrespective of the Co doping level, which indicates that the 

incorporation of Co into the Cd sites has not altered the preferential growth. The other peaks observed at 2θ = 

24.7°, 26.5° and 28.2° can be indexed to (1 0 0), (0 0 2) and (1 0 1) planes of Cd1−xCoxS (x = 0 and 0.1M) films  

which is indexed as standard pattern [9]. No peaks related to CoS are observed in the patterns, indicating the 

purity of the films. The predominance of the (0 0 2) plane in all the films clearly shows that the growth of the 

crystal was such that the c-axis was perpendicular to the surface of the substrate. The crystallite size (D) of CdS 

films is calculated using the Scherrer formula [10],  

 

where λ is the wavelength of the X-ray used (1.5406 A°),  β is the full width at half maximum of the strongest 

peak, and θ is the Bragg angle. The different ionic radius of Co 2+ (0.76pm) and Cd (0.96pm) which reduced 

the crystallite size. the thickness of the films is reduce due to the substitution of Co
2+

 ions in the CdS lattice 

which decreased the nucleation and growth rate in the solution. The micro strain (ε) can be calculated using the 

formula [11],  

 

 
The increase of strain causes the decrease of average crystallite size. The crystallite size of the pure and Co 

doped CdS films were tabulated in the table - 1. 

 

Table - 1: Structural and Magnetic properties of Cd1−xCoxS (x = 0 and 0.1M) films 

Co 

concentration 

in CdS 

thinfilm 

(M) 

Thickness 

(μ) 

Crystallite 

size 

D 

 

(nm) 

Microstrain 

 

μ 

Magnetic 

saturation 

MS (×10
-6

) 

 

(emu) 

Magnetic 

rententivity 

MR (×10
-6

) 

 

(emu) 

Magnetic 

coercivity 

HC 

 

(Oe) 

X = 0 0.47 38.13 1.58 - - - 

X = 0.1 0.31 23.57 1.97 26.31 3.09 104.78 
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SEM ANALYSIS 

 
Fig. 2 (a, b) - SEM images of Cd1−xCoxS (x = 0 and 0.1M) and  

(c, d) - EDX spectra of Cd1−xCoxS (x = 0 and 0.1M). 

 

 Fig. 2 (a) and (b) are the surface morphologies of undoped and Co doped CdS thin films, which depicts 

the deposited films are polycrystalline in nature and deposition covers the substrate well. In as-deposited states 

the film was very dense with no observable voids or pinholes. The films have less defined grain boundaries 

under this magnification. The EDAX spectra of pure and Co -doped CdS films are given in Fig. 2 (c) and (d), 

which shows that pure CdS film contain the Cd and S elements whereas the doped films contain the Cd, S and 

Co elements as it has been expected. 

 
Fig. 3. Fluorescence spectra for undoped (a) and Co doped CdS (b) thin films 

  

The fluorescence spectra of the undoped and Co doped CdS thinfilms are shown in Fig. 3 (a) and (b). 

Fig. 3(a) includes two spectral peaks centered at 518 nm and 541 nm respectively. The high intense emission 

peak is exhibited in the fig 3, which is  the green emission band at 518 nm (2.4 eV). The peak around 520 nm is 

attributed to the recombination centers of electrons - holes pair from host CdS [12]. In fig 3 (a), the peak 

recorded at 541 nm which corresponds to the band edge emission. It reveals the origin of this emission is 

attributed to the creation of S-vacancy in the pristine CdS films [13, 14]. The defect emission is found to be 

decreased as the increased Co dopant concentration. It is noticed in fig. 3 (b), that the intensity of 541 nm 

emission peak is fully diminished with the Co doping percentage. 
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MAGNETICAL STUDIES 

 
Fig. 3. VSM images for Cd1-xCoxS (x = 0.1M) thinfilms  

 

 Fig. 3, shows Co doped CdS films only exhibited the room temperature ferromagnetic properties by the 

variation of magnetization as a function of magnetic field. The saturation magnetization (Ms) strongly depends 

on the dopant concentration of the films. The increase in Ms was probably caused by increase in electrons which 

induced more efficient ferromagnetic couplings between doped Co
2+

 ions with the host CdS [15]. i.e, Co
2+

 

doped CdS thinfilms gives rise to stable soft ferromagnetic coupling via a super exchange mechanism in the sp-

d electrons exchange interactions between sp electrons of CdS and d -  electrons of Co
2+

 [16, 17]. All the 

calculated magnetic values were tabulated in Table 1. 

 

CONCLUSION 
 The samples of Cd1-xCoxS (x = 0 and 0.1M)  films were prepared successfully by CBD method. From 

XRD data, it is confirmed that all samples are in the hexagonal CdS structure. The crystallite size of the films 

has been calculated by Debye Scherer’s equation. It is observed that the average crystallite size decreases with 

increased Co content. SEM images show that the deposition covered the substrate well. Energy dispersive X-ray 

study confirmed the presence of Cd, S and Co in the films. The fluorescence study revealed that the addition of 

Co that reduced the formation Sulphur vacancy in the doped CdS films. The room-temperature ferromagnetic 

behavior obtained for Co doped CdS films. This DMS material is mainly used for spintronics applications. 
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