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Thermal evaporation was used to create pure CdS thin films, which were 
then analyzed using XRD and UV-VIS spectroscopy. With changes in 
thickness, it was discovered that the particle size decreased from 23.6 nm 
to 21.7 nm. From the XRD data, the impact of thickness on strain and 
dislocation has been estimated. To determine how optical characteristics 
changed as thickness changed, transmission data were examined in the 
200–1100 nm spectral range. Additionally, it was found that as thickness 
increased, between 2.444 and 2.401 eV, the band gap decreased.

INTRODUCTION
Research on group II–VI chalcogenide 

semiconductors has attracted a lot of attention 
because it can be used to create nanostructured 
thin films that can be used to create cutting-edge 
optoelectronic devices. One of the most important 
components of this family is thought to be CdS 
[1], because it has transparency characteristics 
in the visible zone [2], a widespread 2.4 eV for 
the direct bandgap at room temperature [3-5], 
and a refractive index of 2.5 [6]. Studies on its 
structural and optical properties have thankfully 
been successful in the past few years in order to 
assess its technological potential for producing 
inexpensive and energy-efficient devices, such as 
photoconductive sensors [7], light-emitting diodes 
[8], logic circuits [1], solar cells [2], and so on. To 
fabricate CdS thin films, numerous techniques have 
been used, such as chemical bath deposition (CBD) 
[9], spray pyrolysis technique [10],  electron beam 
vacuum evaporation [11], thermal evaporation 

[12], molecular beam epitaxy [13], liquid-phase 
deposition [14], pulsed laser deposition [15], and 
close space vapor transport (CSVT) [16].

Because it is a hassle-free and controlled 
method, the thermal evaporation approach has 
been used in this study to produce CdS thin films. 
The focus of the current investigation is on how 
the thickness of thermal evaporation-grown CdS 
polycrystalline thin films affects their structural 
and optical characteristics. The samples are 
characterized using X-ray diffraction (XRD) and the 
UV-VIS model of a spectrophotometer. The optical 
spectra are used to estimate optical constants such 
as the optical band gap, extinction coefficient, and 
refractive index.

MATERIALS AND METHODS
Because it is simple, thermal evaporation is 

needed to produce thin films of CdS, and the 
method also produces adhesion layers that are 
equally thin but smooth, controlled, and uniform. 
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(CdS) powder with a high purity (99.99%) was used 
in order to make CdS thin films and placed in a 
molybdenum crucible as the evaporation source. 
The substrate and crucible were separated by 15 cm. 
The glass slides (substrates) were washed for ten 
to fifteen minutes in an ultrasonic bath containing 
acetone and distilled water, respectively, and then 
dried in the air. The evaporation was done at a 
high vacuum. The chamber pressure was kept at 1 
mbar throughout the whole deposition operation. 
films prepared at room temperature with different 
thicknesses of 200 nm, 300 nm, 400 nm, and 500 
nm. Cu Kα energy with a wavelength of 0.154 nm 
was employed in X-ray diffraction to explain the 
crystal structure characteristics of different films. 
The range of XRD was recorded at 2θ = 10°–70°. 
The UV-Vis spectrophotometer was used to record 
the transmittance spectra for prepared samples 
between 400 and 1100 nm.

RESULTS AND DISCUSSION 
X-ray diffraction (XRD): At various thicknesses, 

CdS thin films’ crystal structure and crystalline 
type are identified and confirmed using this non-
destructive mechanism. The diffraction angle’s 
measuring range was 2θ=10° to 70°. As far as 
we are aware, the structure of bulk CdS is either 
cubic or hexagonal [13]. Thin CdS films of various 
thicknesses are shown in Fig. 1 as diffraction 
patterns. Due to the diffraction planes (002), (100), 
(101), and (103), analysis of XRD emphasized 
the formation of a pure hexagonal structure 
(ICSD card 043599) and explained polycrystalline 
behavior.  All of the films’ highest intensity peaks, 
(002) correspond to the preferred orientation. The 
clusters in the films exhibit a columnar structure in 
the direction perpendicular to the film surface as a 
result of this outcome [17].        

The Scherrer equation was used to get the grain 

 

  

Fig. 1. CdS films’ X-ray diffraction spectra at various thicknesses.
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size (D) using the formula below [18]:
    

𝐷𝐷 = 0.9𝜆𝜆/𝛽𝛽𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 

  

                                                  (1)                                                           

Here, θ is the diffraction peak angle in radians, 
β is the full-width at half-maximum of the peak 
with the highest intensity, and λ is the wavelength 
of the source employed. Fig. 2 depicts how the 
grain size varies with thickness. This graphic 
shows clearly that the grain size increased at a 
thickness of 200 nm and subsequently reduced as 
the thickness increased.  The degree of structure 
defects increases as grain boundaries increase and 
grain size decreases[5]. 

The length of the dislocation lines in relation to 
volume is used to indicate the dislocation density, 
which has been calculated using equation [2] 
(see[16]).
   
𝛿𝛿 = 1/𝐷𝐷! 

  

                                                                  (2)

                                                                                                
where (δ) is a measure of the degree of crystal 

imperfection. Therefore, the tiny values of (δ) 
found in the current investigation supported the 
CdS films’ excellent crystallinity. Table 1 provides 
the values.

The following formula was used to calculate the 
films’ strain (ε) [19]. 

ε = βcosθ/4 

  

                                                            (3)
                                                                                                         

Fig. 2 represents the relationship between the 
strain and thickness of thin CdS films. It is clear 
that as thickness increases, strain first reduces and 
then increases; this change in strain shows that as 
thickness rises, the concentration of lattice defects 
also rises. In order to obtain comprehensive 
information on the structural features, Table 1 
summarizes the computed grain size values (D), 
dislocation density (δ) and strain (ε) along the 
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200 26.56651 23.62811 1.7911923 1.466474 

300 26.54234 24.09725 1.7221266 1.437923 

400 26.5297 23.09987 1.8740484 1.500008 

500 26.51872 21.79603 2.104966 1.589739 

 

  

Table 1. The structural characteristics of CdS thin films that were formed at various thicknesses were determined from 002 peaks.

Fig. 2. shows how stress and grain size vary with thickness.
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(002) plane.
The following equation was used to determine 

the lattice parameters [20]:
          
1
𝑑𝑑! =

4(ℎ! + ℎ𝑘𝑘 + 𝑘𝑘!)
3𝑎𝑎! +

𝑙𝑙!

𝑐𝑐! 

  

                              (4)

where the inter-planer spacing is d (determined 
by Bragg’s law), miller indices are (h k l), and the 
lattice constants are a and c. According to Table 
2, the (002), (100), (101), and (103) plans reflect 
the d-spacing and the corresponding significant 

thicknesses 
(nm) 

2θ(deg) (hkl) plans 
d(Å) from 

Bragg’s 
formula 

d(Å) ICSD a(Å) from 
XRD result 

c(Å) from 
XRD result 

a (Å) ICSD c(Å) ICSD 

200 26.56651 (0 0 2) 3.352551 3.3575 4.11356 6.705103 4.14 6.715 
 24.901 (1 0 0) 3.572885 3.5853     

 28.352 (1 0 1) 3.145349 3.16275     

300 26.54234 (0 0 2) 3.355549 3.3575 4.117238 6.711099 4.14 6.715 
 24.85 (1 0 0) 3.580102 3.5853     

 28.352 (1 0 1) 3.145349 3.16275     

 47.859 (1 0 3) 1.899104 1.8987     

400 26.5297 (0 0 2) 3.357119 3.3575 4.119165 6.714239 4.14 6.715 
 24.914 (1 0 0) 3.57105 3.5853     

 28.226 (1 0 1) 3.159103 3.16275     

 47.751 (1 0 3) 1.903147 1.8987     

500 26.51872 (0 0 2) 3.358485 3.3575 4.12084 6.716969 4.14 6.715 
 28.152 (1 0 1) 3.167238 3.16275     

 47.711 (1 0 3) 1.904649 1.8987     

 

Table 2. Information obtained from XRD examination of thin CdS films of different thicknesses.
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Fig. 3. thin CdS films grown at varying thicknesses with regard to optical transmission profiles.
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peaks in a way that is consistent with the ICSD 
data. Table 2 shows that the increase in stress 
causes the lattice constants of the film at different 
thicknesses to be smaller than those of the bulk 
material. 

Optical properties
More information regarding the optical 

characteristics of thin CdS films produced at 
room temperature and with different thicknesses 
is required. Investigations into transmission 
are conducted in the 200–1100 nm range. 
Transmittance in the visible range is quite low, 

increasing to just around 500 nm at longer 
wavelength areas where interference fringes are 
more obvious. As demonstrated in Fig. 3, films 
made at t = 200 nm appeared to have the highest 
crystallinity and the maximum transmission of 
any films made. The absorption edge has also 
moved to larger wavelength ranges, according 
to transmittance spectra, which has caused the 
optical band gap to narrow as the thickness of the 
material increases. Due to this feature, thin CdS 
films are advantageously used in heterostructure 
solar cells as absorbers. 

According to the relationship, the band gap (Eg) 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 4. Energy bandgap with varying thickness
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Fig. 5. Spectrum of CdS films of various thicknesses’ extinction coefficients (k).

Fig. 6. With different thicknesses, the refractive index is spectrally dependent.
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and absorption coefficient (α) are connected.

(𝛼𝛼ℎʋ)! = 𝐴𝐴(ℎʋ − 𝐸𝐸") 

  

                                             (5)
                                                                                           

h is the plank’s constant, and A is also a constant 
in this situation. Fig. 4 illustrates how to plot 
(αhν)2 versus hν using the Tauc plot and extend 
the line on the straight portion of the graph for 
absorption coefficients with zero values; there has 
been computation of the direct energy band gap. 
The linear dependency in the figure indicates that 
CdS is a semiconductor with a direct band gap. 
As the thickness increased, the band gap value 
started to fall between 2.444 and 2.401 eV; this 
drop in the band gap may be due to a decrease of 
nanoparticles. 

The extinction coefficient (k), which offers 
important information on the substance’s 
relationship to incoming light absorption, was 
calculated using a standard relation. 
            

𝑘𝑘 =
4𝜆𝜆
4𝜋𝜋                                                                     (6)

                                                                                                       
Fig. 5 illustrates how variations in the extinction 

coefficient change with photon energy. Light 
absorption directly affects how much and how 
quickly the extinction coefficient changes. More 
light is absorbed at the grain boundaries in 
polycrystalline films. Thus, at photon energies 
below the basic absorption edge, k has a non-zero 
value.

The refractive index of a material, which is 
connected with its transmittance, local field, and 
ion polarizability in terms of electronic polarization, 
is one of its fundamental properties. Fig. 6 displays 
the distribution of n in relation to photon energy 
for films manufactured with various thicknesses. 
In general, the refractive index drops as film 
thickness rises, which can be a result of the films’ 
decreasing crystallinity.

CONCLUSION 
In CdS, various thicknesses of thin films have 

been produced. Findings from the X-ray diffraction 
investigation demonstrate that hexagonal CdS 
phases were prepared in every film, with typical 
grain sizes varying between 23.6 and 21.7 nm. 
Additionally, it was discovered that as film thickness 
increased, stress increased and dislocation 
per unit volume decreased for the deposited 
films. The spectrum dependences of optical 

transmittance provide information on where the 
fundamental absorption edge is located, and this 
placement matches the results characteristic of 
the compound CdS. With increasing film thickness, 
the film’s refractive index fell and band gap values 
dropped from 2.444 to 2.401 eV. We can draw two 
conclusions: first, that the distinctive qualities of 
a film are significantly influenced by its thickness, 
and second, that the thermal evaporation method 
is very effective for creating CdS thin films.
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