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Abstract

Cadmium Sulphide (CdS) thin film was deposited on soda lime glass (SLG) via Spray pyrolysis
technique at varied deposition temperature. The precursors for the films are Cadmium Chloride (CdCl,)
and Thiourea (N(H3).CS) for Cadmium and Sulphur respectively. The films were sprayed on glass
slides which were sintered at 55 °C for 30 min inside the furnace. The results of the study showed that
the absorbance of CdS thin film deposited at 400 °C has the highest absorbance within the wavelength
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of 350-110 nm while that of undeposited SLG and thin films deposited at 300 °C and 350 °C were nearly
within the trend. The reflectance of CdS thin film deposited at 400 °C has highest reflectance within the
wavelength 350-110 nm while the reflectance 300 °C and 350 °C were nearly within the trend. The
transmittance of CdS thin film deposited at 400 °C has the highest transmittance within wavelength of
350-660 nm while the transmittance 300 °C and 350 °C were nearly within the trend. As the deposition
temperature increases, the band gap decreases. The XRD peaks exhibited by the varied deposition
temperature thin films located at 20 = 28°. No peak attributable to other phases where observed.

Keywords: Deposition temperature, Extinction coefficient, Refractive index, Skin depth.

INTRODUCTION

Thin film is an art of science which plays a dominant role in all persistent fields of Science and
Technology. In recent years, there has been a considerable interest in thin-film
semiconductors for use in solar cell devices and thin-film transistors in panel displays Bonnet
(2004); Abu-Safe et al. (2004); Offliah et al. (2012). Cadmium sulfide has been the subject of
intensive research because of its intermediate band gap, high absorption coefficient,
reasonable conversion efficiency, stability and low cost Romeo et al. (2004); Krunks et al.
(1997). Among II-VI semiconductors, cadmium sulfide (CdS) polycrystalline thin films have
a wide range of applications, such as large area electronic devices and solar cells. Because of
their wide direct band gap (2.42 eV), they have been used as window material together with
several semiconductors, such as CdTe, CusS and CulnSe; Sivasanka et al. (2006); Daranfed et
al. (2012). Cadmium sulfide has a cubic structure (Zincblende), a hexagonal structure
(wurtzite) or a mixture of the two according to growth deposition (Osanyinlusi & Aregbesola,
2021). Cadmium Sulphide (CdS) thin film is one of the most promising materials for hetero-
junction thin films solar cells. CdS has a low absorbance, high transmittance and low
reflectance range throughout the ultraviolet, visible and infrared regions. CdS is suitable for
use as a photosynthetic material and window coating (Nnabuchi & Okeke, 2004). Cho et al.
(2019) reported on the transparent ZnO thin-film Deposition by Spray Pyrolysis for High
performance metal-oxide field-Effect Transistors. Patil et al. (2012) worked on spray pyrolysis
Deposition of nanostructured Tin oxide Thin Films and find out that the crystallite size
calculated from diffraction peak was 29.92 nm showing nanostructure thin film formation.
Das et al. (2020) revealed the structural and optical properties of RF-sputtered CdTe thin films
grown on CdS;0/CdS bilayers and concluded that the thickness of the deposited films was
increasing as the substrate temperature increases from 150 °C and reached the maximum (2.82
pum) at 250 °C. Moualkia et al. (2012) worked on the thin film of CdS;Cu, morphological,
optical, structural and electrical properties and find out that the size of the particles making
up the CdS;Cu film decreases as T. increases, starting at 160 nm at T,=140 °C and reaching
10nm at T.=200 °C and higher temperatures. Moreno-Regino et al. (2019) prepared and
characterized CdS thin films and reported that the optical, and electrical properties of the CdS
thin film have been investigated as a function of solution temperature in order to optimize
their optoelectronic properties and prepare promising film for window layer applications in
photovoltaic solar cells. Osanyinlusi & Aregbesola (2021) reported the optical properties of
Cadmium Sulphide (CdS) thin films spin-coated on glass substrates using scanning electron
microscope (SEM) used for the surface morphology of thin film samples. Ezema et al. (2007)
reported the structural, optical, electrical and morphological properties of CdS films
deposited by CBD varying the complexing agent concentration and reported CdS films
photographs to have observed important change of color by varying the molar concentration
of ammonium hydroxide. To the best of our knowledge, effect of deposition temperature on
the structural and optical properties of Cadmium sulphide (CdS) thin films deposited via
spray pyrolysis has not been extensively reported hence the justification for this study.
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EXPERIMENTAL DETAILS

Cleaning of the Substrate

In order to prepare the precursors for the CdS deposition, a 0.1 M solution of Cadmium
Chloride (CdCl) (of LR) were dissolved in methanol under vigorous stirring conditions for
one hour at room temperature and aqueous solution containing 0.5M of Thiourea (N(H)2CS)
as precursors for Cadmium and sulfur respectively. The SLG was cleaned with cold detergent
solution and soft rubber sponge. This is to avoid scratching the slide surfaces. The slides were
thoroughly rinsed in distilled water and dried in air. Ultrasonically, cleaned glass slides cut in
small pieces were used as substrates on which the films were grown. Cleaned SLG were placed
on a solid uniform thermal conductor surface to provide proper heating with uniformity to
films. A heater was used as heat source to provide temperature of around 25 °C. After
spraying, films on glass slides were sintered at 55 °C for 30 min inside the furnace. Total
volume of the solution sprayed were made 20 ml.

XRD Procedure

The analyzed material was finely ground, homogenized, and average bulk composition is
determined. The powered sample was then prepared using the sample preparation block and
compressed in the flat sample holder to create a flat, smooth surface that was later mounted
on the sample stage in the XRD cabinet. The samples were analyzed using the reflection
transmission spinner stage using the two-Theta (26 ) settings. 26 starting position was 4
degrees and ends at 75 degrees with a 26 step of 0.026261 at 8.67 second per step. Tube current
was 40mA and the tension was 45 VA. A programmable divergent slit was used with a 5mm
width mask and the Gonio Scan was used. The intensity of diffraction X-ray was continuously
recorded as the sample and detector rotate through their respective angles. A peak in intensity
occurs when the mineral contains lattice plane with d-spacings appropriate to diffract X-rays
at the value of 8. Although each peak consists of two separate reflections (Ka; and Ka,), at
small value of 26 the peak locations overlap with Ka, appearing as a hump on the side of
Ka,. Greater separation occurs at higher value of 6. Typically, these combined peaks are
treated as one. The 21 position of the diffraction peak was typically measured as the center of
the peak at 80% peak height. Results are commonly presented as peak positions at 26 and X-
ray counts (intensity) in the form of a table or an X-Y plot. Intensity (I) is either reported as
peak height intensity, that intensity above background, or as integrated intensity, the area
under the peak. The relative intensityis recorded as the ratio of the peak intensity to that of the

most intense peak (relative intensity = ILx 100)
1

Optical Characterization
The transmission data was used to calculate the absorbance of the thin films samples at
different wavelengths using the equation:
A=2-1log,T

1
Where, T = percentage transmittance and A=absorbance
The reflectance (R) is the fraction of the incident radiation of a given wavelength that is
reflected when it strikes a surface. The relationship between transmittance, T (%), absorbance,
A (%) and reflectance, R (%) according to the law of conservation of energy is represented by
the below equation, where the percentage reflectance was calculated.
A+T =100

2
The absorption coefficient was determined using Lambert’s equation
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2.3034
a = :

3

Where, A= absorbance and t= thickness of the thin film.
The energy band gap is related to the absorption coefficient (@) and can be calculatedusing the
equation:
(ahv) = A(hv — Eg)™

4
Where, A= a constant, E;= energy band gap, hv = the photon energy and m = L o for direct
band gap.
Hassanien & Akl (2015) proposed the dielectric constant as being related to refractive index
(n) and extinction coefficient (k) as:
& =n? —k? (for the real part)

5
g = 2nk (for the imaginary part)

6
Absorption of electromagnetic wave spectrum within thin films depends on the material type,
thickness, photoconductivity and extinction coefficient of the films (Abbass, 2015). The skin
depth (¥) is a phenomenon that explains the reduction in amplitude of electromagnetic wave
after it has traversed a given thickness is given as (Choudapura et al., 2019);

X=1/a
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Figure 1: (a) Absorption (b) Reflection and (c) Transmission spectra for undeposited SLG, CdS deposited at 300
0C, 350 °C and 400 °C.

Q. A. Adeniji et al, DUJOPAS 12 (2a): 68-77, 2026 71



Effect of Deposition Temperature on the Structural and Optical Properties of Spray Pyrolysis Deposited

Cadmium Sulehide Thin Films

As deposited

Cds-300°C
2.80E-015 Cds-350°C
Cds-400°C
2.40E-015
2.00E-015
. 160E-015
=
£
E 1.20E-015 225eV
8.00E-016 2.32eV

1.48 eV

4.00E-016
0.00E+000 — 3
P P

10 15 20 25 30

Photon Energy (eV)

Figure 2: Graph of Absorption coefficient against Photon energy for undeposited SLG, CdS deposited at 300 °C,
350 0C and 400 °C.
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Figure 3: Graph of Extinction coefficient (k) vs wavelength for undeposited SLG, CdS deposited at 300 °C, 350 0C
and 400 °C.
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Figure 4: Graph of skin depth (x) vs wavelength for undeposited SLG, CdS deposited at 300 °C, 350 °C and 400
oC.
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Figure 5: Graph of refractive index (n) vs wavelength for undeposited SLG, CdS deposited at 300 °C, 350 0C and
400 °C.
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Figure 6: Graph of (a) real dielectric (¢,) vs wavelength (b) imaginary dielectric (;) vs wavelength

Table 1: Band gaps’ variation with annealing Temperature

S/N Annealing Temperature (°C) Energy band gap (eV)
1 Undeposited SLG 1.48
2 300 2.38
3 350 2.32
4 400 2.25
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Figure 7: XRD spectra of (a ( ) undep051ted SLG substrate (b) CdS deposited at 300 °C (C) CdS dep051ted at 350 0C
(d) CdS deposited at 400 °C.

From Figures 1 (a-c), the absorbance of CdS thin film deposited at 400 °C has the highest
absorbance within the wavelength of 350-110 nm while as-deposited thin films at 300 °C and
350 9C were nearly within the trend and the reflectance of CdS thin film deposited at 400 °C
has highest reflectance within the wavelength 350-110 nm while the reflectance300 °C and 350
0C were nearly within the trend. The transmittance of CdS thin film deposited at 400 °C has
the highest transmittance within wavelength of 350-660nm while the transmittance 300 °C and
350 °C were nearly within the trend. Figure 2 shows the absorption coefficient of the films.
The absorption coefficient of a semiconductor material is the determinant of the extent of
energy absorption of that material (Choudapura et al., 2019). The variations of absorption
coefficients with photon energy for spray coated CdS deposited at varied deposition
temperature are presented in Figure 2. Figure 2 (and Table 1) shows the undeposited SLG has
1.4 eV, deposited CdS at 300 °C has 2.38 eV, 350 °C has 2.32 eV and 400 °C had 2.25 eV energy
bandgap values respectively. As the deposition temperature thin film increases, the band gap
increases. The absorption coefficients increase with increasing photon energy from 1.48 eV to
2.38 eV. CdS belongs to the direct band gap semiconductor, the relationship between
absorption coefficient (a) and incident photon energy (hv) (Antony, 2005). Figure 3 presents
the variations of extinction coefficient with wavelength for undeposited, 300 °C, 350 °C and
400 °C thin films. It is observed that the extinction coefficient spectra follow the same trend as
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the absorption spectra. The extinction coefficient decreases as the wavelength increases up to
970 nm, and remains constant beyond this value. It is also observed that the extinction
coefficient decreases with increasing deposition temperature. The sharp increase observed at
wavelength <550 nm at temperature 350 °C can be attributed to the strong absorption of CdS
in that region and sample. And this behavioural pattern is in tandem with the works of
(Abduljabbar, 2014) and (Osanyinlusi, 2020). Figure 4 reveals the dependence of skin depth
on the photon wavelength (400 to 950 nm) for undeposited, 300 °C, 350 °C and 400 °C. Skin
depth (), is the inverse of absorption coefficient. The skin depth increases as the wavelength
increases up to the highest value of wavelength. It is also observed that as the deposition
temperature decreases, the skin depths decrease with the CdS film deposited at 300 °C
showing the highest skin depth within the UV region of the wavelength. The 350 °C thin film
deviated from the above trend as it showed the lowest value of skin depth. And this result
agreed to the works of (Abbass, 2015) and (Osanyinlusi, 2020). Figure 5 reveals the variations
of refractive index with wavelength for undeposited, 300 °C, 350 °C and 400 °C samples in the
wavelength range of 400 to 970 nm. From Figure 5, it is observed that the refractive index
decreases with increase in deposition temperature with a maximum value of 1.225% and a
minimum value of 1.055% for 400 °C film (Osanyinlusi, 2020). Figures 6(a and b) present the
real and imaginary dielectric constants. The dielectric constants decrease with increasing
wavelength. Also, they revealed increment with increase in deposition temperature
(Hassanien & Akl, 2015) with exception of the 350 °C thin film which deviated from the trend
as it showed the lowest value of dielectric constants. Figures 7 (a-d) showed the XRD peaks
exhibited by the annealed thin films match the standard of Cadmium sulphide (PDF#37-1342).
The peak located at 260 = 28" The observed XRD pattern are in good agreement with standard
data JCPDS File No :80-0019 No peak attributable to other phases where observed. The
broadening of the diffraction peak provides information about crystallite size. As the width
increase, the particle size decreases, and vice versa. The XRD peaks exhibited by the varied
deposition temperature of the thin films matched the standard of Cadmium sulphide
(PDF#37-1342). The peak located at 20 = 23" The observed XRD pattern are in good
agreement with standard data JCPDS File No :80-0019. No peak attributable to other phases
were observed. The broadening of the diffraction peak provides information about crystallite
size. As the width increases, the particle size decreases, and vice versa. The peak located at
20 = 23" The observed XRD pattern are in good agreement with standard data JCPDS File
No :80-0019. No peak attributable to other phases were observed. The broadening of the
diffraction peak provides information about crystallite size. As the width increase, the particle
size decreases, and vice versa. XRD peaks exhibited by the annealed thin films match the
standard of Cadmium sulphide (PDF#37-1342). The peak located at 260 = 21" The observed
XRD pattern are in good agreement with standard data JCPDS File No :80-0019. No peak
attributable to other phases were observed. The broadening of the diffraction peak provides
information about crystallite size. As the width increases, the particle size decreases, and vice
versa.

CONCLUSION

Cadmium Sulphide (CdS)thin film was deposited on glass substrate using Spray Pyrolysis
Technique (SPT). The effect of deposition temperature on the film was equally studied and
reported. Also, the average grain size determined from the XRD patterns. UV study confirmed
the presence CdS over glass substrate. CdS exhibited high and low absorbance, transmittance
and reflectance properties both at both the UV and NIR regions. These are the desires qualities
of materials for anti-reflection coatings and in solar photo-thermal conversion. Also, the
energy band gap revealed the higher the deposition temperature, the lower the band gap. The
deposited thin film was structurally characterized using XRD and found to be amorphous in
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structure. Also, the elements Cadmium (Cd) and Sulphide (S) were found to be present in the
film, which make it a suitable candidate for photovoltaic applications.

RECOMMENDATIONS

Future studies should explore annealing of CdS films and alternative deposition techniques
for improved film quality. SEM of higher magnification should be explored for a detailed
surface morphology characterization. Also, X-ray Fluorescence (XRF) Spectrometry and TEM
should be considered in order to provide the chemical properties of CdS thin films.
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