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Abstract: Effect of nickel doping was investigated on doped CdS films by spray pyrolysis technique and examined by 
XRD, AFM, and UV-VIS spectroscopy. The increasing of Ni doping ratio improve (020) preferential orientation. XRD 
analysis confirmed the CdS nanostructure for all samples. The crystallite size for pure CdS showed an increase from 19.98 
nm to 27.04 nm on doping, whereas the strain (%) parameter was decreased from 25.0 to 13.3. 
AFM images offer a decrease in roughness from 6.5 nm to 3.48 nm with Ni – 4% content. Transmittance was exceeding 
70% in the visible range by Ni content. Also, the bandgap was decreased from 2.4 to 2.3 eV with the increment of Ni 
content. 
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1 Introduction  

Cadmium sulfide group II-VI semiconductors, wide 
bandgap, high, transparency and electron affinity [1-3]. 
Owing to these characterizations it can be act a window 
layer in solar cells [4-6]. Besides it can be used as light 
emitting diodes [7], photonic devices [8–10], 
photoconductive sensors [11], environmental pollution 
control [12], photocatalysis [13-19]. The importance of Ni 
doping lies in its ability to enhance the performance of 
electrical properties of CdS, Besides the Ni atoms is a 
favorable material for promoting the efficiency of CdS 
films in photovoltaic devices. Yahia et al. [20] studied the 
physical properties of CdS:Ni showing the bandgap of 2.49 
- 2.2 with Ni content.  Mahdi et al. [21] prepared CdS:Ni 
via sol-gel method their work reached at the increase of 
bandgap with Ni content. Kumar et al. [22] found that by 
increasing Ni content there is a shift toward short 
wavelength. Jothi et al [23] try to tune the properties of CdS 
by Ni content, a shift toward long wavelength were noticed.  

This paper is focused on the preparation of CdS:Ni and 
study their characterization  using a costless and simple 
technique with nearly homogeneity films, which is 
chemical spray pyrolysis. 

2 Experimental works 

CdS:Ni films were deposited using CSP method. 0.01 M of 
Cd [C4H6CdO4] and 0.01 M thiourea [CH4N2S] as cadmium 
and sulphur source respectively. Nickel chloride [NiCl3] 
was used for Ni doping with different contents (2, 4 at % 
Ni). 

Substrate temperature was preserved at 400 o C through 
deposition process. Carrier gas was Nitrogen. Deposition 
rate was 6 mL/min, sprayer rate was 8 s lasted by 50 Sec to 
prevent high cooling. Space among substrate and nozzle 
was kept at 30 cm. The structure of nanostructured CdS:Ni 
were analyzed by X-ray diffraction via X-ray 
diffractometer using CuKα radiation (λ=1.54012 Ǻ) in the 
range of 20 o – 60 o (2θ) at scanning rate of 0.05 o/min. 
Transmittance spectra were utilized employing UV-VIS 
spectrophotometer (Lambda 750 Perkin Elmer). 
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3 Results and Discussion 

Fig. 1 offers XRD patterns of the deposited films, the 
characteristic peaks (011), (020), (121), and (220) 
corresponding to diffraction 2θ = 31.79 o, 36.99 o, 53.47 o 
and 66.22 o showed good crystalline nature of prepared 
samples and well matched with cubic zinc-blende (JCPDS 
43-0985). By increasing Ni concentration, a shift in 2θ the 
position toward the lower from 36.99 o for undoped film to 
36.65 o for CdS: 4% Ni films and this could be assigned to 
the replacement of CdS ions by Ni ions. 

 
Fig.1:XRD-patterns crystalline size of the prepared films. 
The crystallite size (D) was obtained from the highest 
intensity peaks utilizing Scherrer’s equation [22, 23]: 

      D = !.#$
%&'()

                                           (1) 

Where λ is the wavelength of the X-rays (1.5406 Ǻ), β and 
θ are (FWHM) and Bragg’s angle respectively. The 
crystalline size has been found to vary from 19.98 to 27.04 
nm with Ni concentration, that is the Ni doping enhance the 
crystallization of the chalcogenide as listed in Table 1, 2.  

Table 1. Grain size, optical bandgap of the prepared films. 

Samples 
(hkl) 

Plane 

2 θ 

(o) 

Opt. band 
gap 

 (eV) 

Grain 
size  

 (nm) 

CdS pure 020 36.99  2.40 19.98 

CdS: 2% 
Ni 

020 36.75 2.35 24.64 

CdS: 4% 
Ni 

020 36.65 2.3 27.04 

 

Other structural parameters such as dislocation density δ 
and strain ε are also evaluated, Table 2. δ gives number of 
defects, the values of δ and ε listed in Table 2 show the 
structural parameters estimated from [24, 25]: 

                   𝛿 = *
+!

                                  (2) 

                 𝜀 = ,-./0
1

                                (3) 

Table 2. Structural parameters of the prepared films. 

Samples 

FWHM  

 (o) 

Disloc. 
Density 
(×1014) 

(lines/m2) 

Strain 

 (×10-4) 

CdS pure 0.42 25.0 17.3 

CdS: 2% Ni 0.34 16.4 14.0 

CdS: 4% Ni 0.31 13.3 12.8 

 

Fig. 2 represents β, D, δ and ε versus Ni content. It can be 
seen that the value of δ and ε were decrease as Ni dopant 
increase, which agree with D that when these parameters 
decrease there will be an increase in D.  

 
Fig.2: FWHM (a) Grain size (b) Dislocation (c) Strain (d) 
of the prepared films. 

Atomic force microscope AFM micrographs and their 
roughness analysis of prepared CdS:Ni films are 
demonstrated in Fig. 3 a1, b1, and c1. The 3-D images and 
grain size distribution are given in, they exhibit spherical 
nano-grains ranged from 87.36 nm for pure Ni to 65.03 nm 
for 4% Ag doped Ni. The change in surface morphology 
ranged from 6.50 to 3.48 nm with the increase of silver 
doping. By increasing Ni doping, the decrease in average 
surface roughness was due to the reduction in grain size. 
The influence of Ni doping on AFM parameters namely 
grain size (D), surface roughness (Ra) and root root-mean-
square (Rrms) are shown in Fig. 3 a3, b3, and c3 
respectively. Table 3 represents the values of AFM 
parameters. 

The transmittance of CdS:Ni films is shown in Fig. 4 A 
decrease in transmittance from 80% to 45% at doping 
concentration 4 wt% was noticed. The absorption 
coefficient (α) of films was specified by equation [26, 27, 
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and 28]: 

         α = 23	(*/7)
9

                                (4) 

where d is film thickness. Fig. 5 represents α that assures 
direct transition. 

 
Fig. 3: AFM images of the prepared films (a1, b1 and c1), 
granularly distributed (a2, b2 and c2) and variation of AFM 
parameters via doping (a3, b3 and c3). 

Table 2. AFM parameters of the deposited films. 
Samples Average 

Particle size 
(nm) 

Roughness 
Average 

(nm) 

R. M. S. 
(nm) 

CdS  pure 87.36 6.50 7.52 
CdS: 2% Ni 73.04 6.50 7.49 
CdS: 4% Ni 65.03 3.48 4.08 
 
The optical bandgap was evaluated from next relation [29, 
30, and 31]:  
 
                        αhυ = G(hυ − E:);                 (5) 
where α, hv, G and Eg are absorption coefficient, photon 
energy, proportional constant and energy gap respectively.  
 

 
Fig. 4: Transmittance for the prepared films. 

By using of x-axis intersection of αhν versus hν plots, the 
optical energy gap was determined as shown in Fig. 6 Eg 
values decreased from 2.4 to 2.3 eV with the increment of 
Ni doping level, which was agreed with the XRD the data 
obtained by XRD. 

 

Fig. 5: α Vs hν of the prepared thin films. 

 

Fig. 6: (αhν)2 Vs hν of the prepared thin films. 

4 Conclusions 

Ni-doped CdS films were deposited using spray pyrolysis. 
The increase of Ni content improve the (020) preferential 
orientation. XRD analysis confirmed the CdS nanostructure 
for all samples. The crystallite size for pure CdS shows an 
increase from 19.98 nm to 27.04 nm on doping, whereas 
the strain (%) parameter decrease from 25.0 to 13.3, AFM 
images of the films display changes in morphology with a 
decrease in roughness from 6.5 nm to 3.48 nm with Ni - 4% 
doping. The optical bandgap changes with Ni as 2.4–2.3 
eV. 
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