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Cathodic electrodeposition in the presence of tartrate ions as complexing agents in aqueous solution was used to prepare 
cadmium sulfide thin films deposited on titanium substrates. The effect of deposition periods and solution temperatures 
towards the crystallinity of the cadmium sulfide thin films were investigated. The thin films were characterized using  
X-ray diffractometry. The absorption properties, band gap energy and transition type was determined using UV-Vis 
Spectrophotometry. The thin films produced were polycrystalline in nature. The films showed good adherence towards 
the substrate in the presence of sodium tartrate. The band gap value was found to be 2.3 eV with direct transition. 
Keywords: CdS, thin films, electrodeposition, complexing agent, metal chalcogenide. 

 
1. INTRODUCTION∗

The II-VI semiconducting compounds, especially the 
cadmium chalcogenides have been extensively studied due 
to their potential applications, in semiconductor device 
technology and solar cells [1 – 5]. Metal-insulator-
semiconductor type solid-state solar cells based cadmium 
chalcogenide systems are known to yield respectable 
efficiencies. Solar cells from cadmium chalcogenide single 
crystals are very expensive; therefore the use of 
polycrystalline metal chalcogenide thin film is a desirable 
alternative for cost reduction [6]. Cadmium sulfide (CdS) 
film is a n-type material which has shown the potential to 
be used as a window material in the photovoltaic solar 
cells, electrochromic devices and display screens [7].  

Thin-film research is extensively carried out as a mean 
of substantially reducing the cost of photovoltaic (PV) or 
photoelectrochemical (PEC) systems. The rationale for this 
is that thin-film products are cheaper to manufacture owing 
to their reduced material, energy, handling and capital 
costs [8]. Reduction of cost for the thin film cells is 
achieved by minimization of the amount of material used, 
the possibility of inexpensive materials, processing 
methods and the use of inexpensive mounting arrays  
[9 – 11]. Several methods such as vacuum evaporation, 
screen-printing, spray pyrolisis, chemical bath deposition 
and electrodeposition have been employed for the 
preparation of cadmium chalcogenide thin films. 

Electrodeposition is a perspective competitor in thin 
film preparation because of several advantages such as the 
possibility for large-scale production, minimum waste of 
components and easy monitoring of the deposition process 
[12 – 16]. This technique is generally less expensive than 
those prepared by the capital-intensive physical methods. 
The composition of the electrolytes and deposition 
condition play an important role in determining the quality 
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of the films deposited. The use of additives in aqueous 
electroplating method is extremely important. The 
presence of complexing agents in the solution during the 
electrodeposition process of metal chalcogenide thin films 
was found to improve the lifetime of the deposition bath as 
well as the adhesion of the deposited film on the substrate 
[17].  

In this paper we report the effects towards the CdS thin 
film properties prepared by varying the deposition periods 
and solution temperatures.  

2. EXPERIMENTAL PROCEDURE 
Electrodeposition was performed in a conventional 

three-electrode cell. Ag/AgCl was used as the reference 
electrode to which all potentials were quoted. An Elchema 
model PS-605 potentiostat was used to control the 
electrodeposition process and to monitor the current and 
voltage profiles. The working and counter electrodes were 
made from titanium (Ti, 99.99 %) and platinum, respecti-
vely. The Ti substrates and counter-electrode was polished 
and cleaned with distilled water before the deposition 
process. The deposition process was carried out at  
–0.800 V by varying the deposition periods (15, 30, 45, 60 
and 75 minutes) and solution temperatures (15, 27, 40 and 
60 °C). The bath consists of Cd-tartrate complex  
(0.05 M) and Na2S2O3 (0.05 M). The pH of the bath was 
maintained at 2.5. The solutions were prepared using 
analytical grade reagents and deionised water (Alpha-Q 
Millipore). The substrate area to be deposited was fixed at 
0.75 cm2. Nitrogen gas was flowed into the solutions prior 
to mixing to remove any dissolved O2. Immediately after 
deposition, the deposits were tested for adhesion by 
subjecting it to a steady stream of distilled water. XRD 
analysis was performed using a Shimadzu XRD-6000 
Diffractometer for the 2θ ranges from 2° to 60° with CuKα 
(λ = 1.5418 Å) radiation. The absorption properties of the 
film were analyzed using Perkin Elmer Lamda 20 UV-Vis 
Spectrophotometer. The CdS film was deposited for 
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45 minutes at room temperature using indium doped tin 
oxide (ITO) glass substrate. The film-coated ITO glass was 
placed across the sample radiation pathway while the 
uncoated ITO glass was put across the reference path. The 
data obtained from the film was used to determine the band 
gap energy and the transition type of the semiconductor 
film 

3. RESULTS AND DISCUSSIONS 
Figure 1 shows the XRD plot of CdS thin films 

deposited at different deposition periods. Upon 15 minutes 
deposition time, the XRD data indicated presence of two 
peaks at 2θ = 35.5° and 53.3° corresponding to orientation 
along (102) and (201) planes of CdS. The high intensity of 
the substrate peak (Ti) compared to the compound peak 
shows that the film thickness is low due to insufficient 
deposition time. As the deposition time was increased to 
30 minutes, additional peak corresponding to (110) plane 
at 2θ = 43.9° was obtained. The highest peak corresponds 
to the orientation along (102) plane. The obtained d-
spacing values corresponds well the standard Joint 
Committee on Powder Diffraction Standard data (File No: 
06-0314) (Table 1). When the deposition time was 
increased to 45 minutes, the intensity of the CdS peaks was 
higher than the substrate indicating more material 
deposition. The XRD results obtained indicated that the 
films were polycrystalline in nature. The films deposited 
for this period was smooth and adhered well towards the 
substrate. However when the deposition time was 
increased to 60 minutes and above, the presence of 
additional peaks, which does not correspond to CdS, was 
obtained. This is phenomenon may occur due to co-
deposition of elemental materials due to long immersion 
time in the deposition bath.  

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. XRD plot of cadmium sulfide thin films deposited at 
different periods; titanium (Ti) 

Table 1. Comparison between theoretical d-spacing data and 
experimentally observed values for films deposited at 
different periods (Bath temperature: 27 °C) 

d-spacing (Å) Deposition 
period  

(minutes) 

2θ 
(°) Obtained  

value 
JCPDS  
value 

hkl 

35.5 2.5 2.5 102 
15 

53.3 1.7 1.7 201 

35.4 2.5 2.5 102 

43.9 2.0 2.0 110 30 

53.1 1.7 1.7 201 

35.6 2.5 2.5 102 

43.9 2.0 2.0 110 45 

53.4 1.7 1.7 201 

35.6 2.5 2.5 102 

43.9 2.0 2.0 110 60 

53.1 1.7 1.7 201 

35.4 2.5 2.5 102 

43.9 2.0 2.0 110 75 

53.2 1.7 1.7 201 
 

Moreover, the XRD peak due to compound formation 
for the film deposited beyond 60 minutes indicates 
reduction in peak intensity. This confirms the very thin 
layer of film adhered over the substrate. This observation 
happens when there is an increase in the amount of 
materials deposited onto the substrate. The amount 
deposited however could not adhere well on the surface of 
the substrate and peels off into the solution. 

The grain diameter, D, of the deposit was determined 
using the Scherrer’s formula corresponding to the (102) 
plane [18, 19]: 

θω
λ

cos
KD = ,  (1) 

where λ is the wavelength of X-rays, θ is the Bragg angle 
and ω is the full width at half maximum in radian. K varies 
with (hkl) and crystallite shape but usually nearly equal to 
0.9. The variation of crystallite size with deposition is 
shown in Figure 2.  

The results indicated an increase in the grain diameter 
as the deposition time was increased from 15 (19.5 nm) to 
45 minutes (21.6 nm). However the grain diameter 
decreased to 15.34 nm at 60 minutes deposition time. At 
longer deposition period, the grain formed could have 
dissolved into the bath due to the longer immersion time in 
the acidic medium. Apart form that deposition of elemental 
materials over long deposition time could also hinders the 
steady growth of CdS crystallites over the substrate. 

Figure 3 shows the XRD plot of CdS thin films 
deposited under different solution temperatures. At low 
temperature (15 °C), the intensity of the compound peaks is 
rather low compared to the substrate peak indicating 
formation of very thin layer of film. Four peaks 
corresponding to (102), (110), (103) and (004) planes were  
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Fig. 2. Grain diameter versus deposition time for CdS thin films 

obtained. The XRD data obtained for the film deposited at 
room temperature (27 °C) indicate higher peak intensities 
supporting the fact that compound formation is much 
favoured at room temperature. As the solution temperature 
was increased to 40 and 60 °C the peaks attributable to 
CdS compound formation were of lower intensity 
compared to the substrate peaks. Additional peaks not 
related to the CdS compound were also detected 
suggestion co deposition of elemental material at these 
temperatures. 

Table 2. Comparison between theoretical d-spacing data and 
experimentally observed values for films deposited at 
different solution temperatures (deposition time:  
45 minutes) 

d-spacing (Å) Solution 
temperatures 

(°C) 

2θ  
(°) Obtained 

value 
JCPDS 
value 

hkl 

35.1 2.5 2.5 102 

43.9 2.0 2.0 110 

48.2 1.8 1.8 103 
15 

53.2 1.7 1.7 201 

35.4 2.5 2.5 102 

43.9 2.0 2.0 110 27 

53.1 1.7 1.7 201 

35.6 2.5 2.5 102 

43.9 2.0 2.0 110 

48.4 1.8 1.8 103 
40 

53.4 1.7 1.7 201 

35.2 2.5 2.5 102 

44.0 2.0 2.0 110 

48.2 1.8 1.8 103 
60 

53.2 1.7 1.7 201 
 

The optical absorbance of the as-deposited CdS thin 
film is shown in Figure 4. The spectrum shows a gradually 
increasing absorbance throughout the visible region, which 

makes it possible for this material to be used in a 
photoelectrochemical cell or as semitransparent layer in 
high-speed detectors working in visible range.  
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Fig. 3. XRD plot of cadmium sulfide thin films deposited at 

different solution temperatures; titanium (Ti) 
 

 

Wavelength, nm 

 

Fig. 4. Absorbance versus wavelength properties of the CdS thin 
film deposited on ITO glass 

Band gap energy and transition type was derived from 
mathematical treatment of the data obtained from the 
optical absorbance vs. wavelength with the following 
relationship for near-edge absorption: 
A = [k(hν – Eg)n/2] / hν (2) 
where ν is the frequency, h is the Planck’s constant,  
k equals a constant while n carries the value of either 1 or 
4. Figure 4 shows the plot of (Ahν)2/n as a function of hν of 
the film prepared at 2 hours. The bandgap, Eg, could be 
obtained from a straight line plot of (Ahν)2/n as a function  
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Fig. 5. (Ahv)2/n versus hv of the CdS thin films deposited on ITO 
glass 

of hν. Extrapolation of the line to the base line, where the 
value of (Ahν)2/n is zero, will give Eg. If a straight-line 
graph is obtained for n = 1, it indicates a direct electron 
transition between the states of the semiconductor, whereas 
the transition is indirect if a straight line graph is obtained 
for n = 4. A linear trend is apparent where n in the 
relationship (2) equals 1. The straight-line behavior in this 
Figure 5 testifies a direct transition of the band structure. 
The line segments required to by pass the energy of the gap 
lies at about 2.30 eV for the CdS film.  

4. CONCLUSION 
CdS thin films deposited in the presence of sodium 

tartrate are smooth and well adhered towards the substrate. 
The films were found to be polycrystalline in nature. 
Deposition for 45 minutes under room temperature is the 
optimum condition to prepare quality CdS thin films under 
the current condition. The film exhibits direct transition 
with an energy gap of about 2.30 eV. 
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