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Abstract
Variation of the conditions in the synthesis of thin films of CdS is presented. Using a chemical bath deposition (CBD) 
methodology, parameters such as the ratio of the molar concentration of cadmium and sulfur ions, pH, and temperature were 
modified in deposition times of 120 min and on glass substrates. Low Cd/S molar ratios favor thin film thickness. This is 
verified by optical characterization by a comparison of the transmission spectra. It was also found that the possible tuning 
of the gap energy is in the range of 2.52 to 2.63 eV, controlling the Cd/S molar ratio.

Introduction

Due to the high demand for products of the electronics 
industry that exists today, components based on semicon‑
ductor materials have become a priority technological need 
[1]. Semiconductor materials are a type of advanced ceram‑
ics, which are of high interest for the design of electronic 
components such as resistors, transistors, and photovoltaic 
structures. Conventional manufacturing technologies in the 
electronics industry include highly sophisticated techniques, 
such as sputtering, chemical vapor deposition, and plasma 
deposition, among others [2, 3]. These synthesis and pro‑
cessing techniques require high temperatures and pressures, 
resulting in a significant environmental impact.

Chemical bath deposition (CBD) technique can be a sus‑
tainable option for manufacturing of semiconductor thin 
films, through CBD methods, thin films of several materials 
can be obtained at a very low cost, with very good charac‑
teristics for applications in semiconductor devices such as 
photodiodes, LDR photoresistors, and the window layer of 
the polycrystalline solar cell [4, 5].

The CBD technique is based on the controlled precipita‑
tion of a material that is deposited homogeneously on the 
substrate of various materials. The substrates are immersed 
in a chemical solution, with specific conditions of pH, tem‑
perature, concentration, and deposition time that controls the 
kinetic growth and the thickness of films [6].

There are multiple investigations on CdS thin films syn‑
thesized by DBQ that report their main properties like this: 
the forbidden bandgap at room temperature between typical 
values of 2.57 and  2.40 eV, high absorption coefficient, 
absorbs up to 63% of incident radiation with photon energy 
greater than bandgap energy, and hexagonal and cubic struc‑
tures [7]. It has been proposed that the properties of the 
CdS films can also be associated with the conditions of the 
growth reaction. Factors such as temperature and pH have 
been studied extensively, but little has been discussed about 
the influence on the proportion of the precursors of the mate‑
rial to be synthesized.

In this work,  a methodology was developed that allowed 
to observe the influence of the main DBQ parameters on 
the growth kinetics and on the optical properties of the CdS 
films. The composition of the baths was studied, analyzing 
how it affects the molar proportion of cadmium and sulfur 
ions; this aspect of composition is something that has been 
extraordinarily little studied by other authors. Likewise, to 
identify additional improvements in the proposed method‑
ology, some other variable conditions of pH and reaction 
temperature were analyzed.
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Experimental detail

Tables 1 and 2 report the compositions of the CBD reactors 
used in this work.

The deposit times for the films were 15, 30, 60, 90 and 
120. For temperature variation, the 1:9 molar ratio, deposi‑
tion time previously mentioned, and pH were fixed. In the 
case of pH, it is a consequence of molar ratio as it is directly 
affecting the chemical composition. 

The optical characterization was carried out obtaining 
the absorption and transmission spectra in a range of 300 to 
1100 nm, with a Hach DR6000 molecular absorption spec‑
trophotometer. Energy bandgap (Eg) can be calculated with 
the Tauc equation, which is expressed as follows:

where hv is the photon energy, and Eg is the semiconductor 
optical bandgap, A is a constant, and n = ½ for direct band‑
gaps of semiconductors such as CdS [8].

Results and discussion

The molar ratios with the highest concentration of thiourea 
(1:9, 1:6, and 1:3) were tested in the chemical bath, with an 
initial pH of 10 and final pH of 8, respectively. In addition, in 
the residue of the solution of the synthesis of the films, these 
present a yellow‑whitish powder. The yellow‑whitish pow‑
der at the bottom of the solution indicates that the growth 
mechanism was cluster by cluster, while ion‑by‑ion mecha‑
nism was related to reactors with semi‑transparent and little 
dusty solutions [9]. For the 3:1 and 6:1 ratio, its deposit was 
very similar, and, in both solutions, whitish crystals were 
formed which were dissolving over time, and a final pH of 
10 was obtained. The reactors of the films that grew with 
a molar ratio of 3:1, 6:1, and 9:1, which presented a semi‑
transparent solution. 

For the temperature variation, it was decided to fix the 
composition of the Cd/S molar ratio 1:9, since visually, its 
characteristics were the best compared to the other molar 
ratios. Figure 1a shows the transmission spectra of the 
2‑h deposition films with the different Cd/S compositions 

(1)�hv = A
(

hv − Eg

)n
analyzed. All the films show a high transmittance above the 
rim located around 450 nm. From these spectra, it can be 
inferred that the higher the molar ratio of sulfur, the growth 
kinetics is favored, achieving higher thicknesses for the 1:9 
ratio Cd/S composition. From the observation of the spectra 
of Fig. 1b, it is possible to show that, at temperatures higher 
than 70 °C, it is possible to deposit the CdS on the substrate, 
but at temperature of 50  °C or room temperature, not good 
results are obtained in growth, which is corroborated with 
the transmittance spectra with an average transmittance 
close to 100%, as observed in Fig. 1b.

Table 3 shows the average transmittance percentage at 
480 nm, for each of the molar ratios. It is observed numeri‑
cally that those with a higher sulfur molar ratio and higher 
temperature at the time of synthesis tend to have lower trans‑
mittance percentages. The average transmittance data are 
shown at 480 nm, because it is the most noticeable inflection 
point in the transmission spectra; in it, it is seen that for the 
80 °C variant, it is the one with the lowest transmittance, 
followed by the ratio of 9 : 1 at 90 °C.

Figure 2 shows the Tauc graphs for calculating the energy 
of space by extrapolating the straight part of the graph line 
(αhν) 2 against the photon energy. It is observed that by 
controlling the proportion of cadmium and sulfur ions in the 
solution, it is possible to adjust the Eg values of the films, in 
a range from 2.52 to 2.63 eV. There is a trend in the increase 
of Eg values with increasing sulfur concentration; the 1: 6 
molar ratio was the only one that did not follow this trend.

Table 1  Reagents used, and 
their concentration

No Reagent Chemical formula Amount used Concentration

1 Cadmium chloride CdCl2 20 ml /See Table 2
2 Sodium citrate C6H5O7Na 2.5 ml 1 M
3 Potassium hydroxide KOH 0.5 ml 1 M
4 Buffer 10 ml NA
5 Thiourea CH4N2S 5 ml /See Table 2
6 Water H2O 12 ml NA

Table 2  Variation of concentrations

Molar ratio Thiourea concentration Cadmium 
sulfide concen‑
tratión

1:1 0.1 M 0.1 M
1:3 0.1 M 0.3 M
1:6 0.1 M 0.6 M
1:9 0.1 M 0.94 M
3:1 0.3 M 0.1 M
6:1 0.6 M 0.1 M
9:1 0.9 M 0.1 M
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Values greater than 2.57 eV are not commonly reported 
in the literature [7, 10], and they represent structural changes 
in the polycrystalline lattice of the material that may be 
associated with changes in the electrical properties of the 

semiconductor due to quantum confinement effects, which 
can be very interesting due to the simplicity of this methodo‑
logical proposal and to identify possible applications of this 
formulation in the design of electronic components such as 
LDR photoresistors.

Conclusions

pH values close to 10better favor the growth of thin films of 
CdS by CBD. The Cd/S molar ratio affects the growth of the 
films, being higher as the sulfur concentration increases up to 
the 1:9 ratio. The 3:1, 6:1, and 9:1 ratios were ineffective for 
homogeneous, and well‑adhered CdS thin films to the sub‑
strate. Based on the experimental observations on the charac‑
teristics of the residues, the reaction mechanism proposed for 
thicker films is group by group. Temperature is directly related 
to the growth of thin films by CBD; as it decreases, the aver‑
age transmission increases due to the decrease in thicknesses. 
70 °C is an optimal temperature for the growth of CdS. A 
tuning effect is observed in the Eg values when the Cd/S com‑
position ratio is modified, finding Eg values between 2.52 and 
2.63 eV. These are higher values than those typically reported, 
which may be related to the induction of quantum confinement 
effects, which is interesting considering that only minimal 
changes were applied in the composition of the chemical baths.
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