2022 19th International Conference on Electrical Engineering, Computing Science and Automatic Control (CCE). Mexico City, Mexico. November 9-11,
2022

Study the Effect of Annealing Treatment on the
Properties of CdS Thin Films Grown by the
Chemical Bath Deposition Method
A. Ashok
Department of Electrical Engineering,
CINVESTAV-IPN, Zacatenco,
Mexico City, Mexico
ashokad@cinvestav.mx

H.C. Ramos-López
Master in Renewable energies
Universidad politécnica de Chiapas, Tuxtla Gutierrez,
Chiapas, Mexico
hcramlop@gmail.com

O. Reyes
Department of Electrical Engineering,
CINVESTAV-IPN, Zacatenco,
Mexico City, Mexico
odin.reyes.v@cinvestav.mx,

S. Velumani
Department of Electrical Engineering,
CINVESTAV-IPN, Zacatenco,
Mexico City, Mexico
velu@cinvestav.mx

Abstract—The CdS material has been used in various
applications due to its appropriate physical and chemical
properties. The effect of different annealing temperatures and
times on the material properties of CdS is studied in this
investigation. Preferential orientation of (002), uniform and
smooth films, slightly lower sulfur composition, high
transmittance, and bandgap of 2.53 eV are found for CdS thin
films before annealing. For annealed CdS samples, the intense
peak of (110) with a crystallite size of around 20 nm is observed
from the XRD results. The similar intensity of 1LO phonon
mode located at 305 cm-1 for annealed CdS thin films also
confirms the analogous crystallinity. Uniform, continuously
distributed, well-connected and spherical grains are observed
from SEM and AFM images. More symmetrical compositions of
cadmium and sulfur atoms are noticed for annealed CdS
samples. The optical bandgap for annealed CdS samples (i.e.,
from 2.47 to 2.52 eV) was slightly lower than the bandgap of CdS
thin film before annealing treatment. All these obtained results
are compatible with the hexagonal crystal structure of CdS thin
films. Hence, the annealed CdS thin films can be utilized as a
buffer layer in photovoltaic devices.

Since the growth techniques can impact the material
properties of CdS, a variety of fabrication methods have been
utilized for the synthesis of CdS thin film to get suitable
material properties of CdS. These deposition methods are
divided mainly into physical vapor deposition and solution
growth deposition techniques [1, 2, 5], such as evaporation
[18], sputtering [19], sol-gel [20], electrodeposition [21],
spray pyrolysis [22], chemical bath deposition [2], etc.
Among these techniques, the chemical bath deposition is the
most favorable technique for the synthesis of the CdS thin
films due to the advantages of simple, low-cost, easy set-up,
applicability to a large area, and stable and uniform film
deposition [2]. In the last some years, various strategies such
as the addition of impurities to the CdS film, annealing
treatment, etc. have been investigated in scientific societies to
improve further quality of CBD-CdS thin films [1, 5, 23, 24].
However, careful analysis of impurities or annealing
conditions is paramount to the optimization of CdS material
as a buffer layer in solar cells.
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This research work presents the results of the best CdS thin
film deposited by the chemical bath deposition method. The
effect of annealing temperatures and times on the various
properties such as structure, morphology, element
composition, topography as well as optical properties of CdS
thin films is mainly studied. After analyzing these results, the
best annealing conditions of the CdS will be found.

I.

INTRODUCTION

CdS is an n-type semiconductor of the II-VI group and
contain a direct bandgap ranging from 2.38 eV (metastable
cubic phase) to 2.58 eV (stable hexagonal phase) [1, 2]. CdS
material has been attracted to a wide range of applications
such as optoelectronics, gas sensors, photodetectors,
catalysis, optical filters, photovoltaics, etc., due to its
favorable material properties [3–8]. In photovoltaic
technology, the CdS is mainly used in thin film solar cells as
a buffer layer that forms a heterojunction with the absorber
layer. More than 20% of efficiency has been reported recently
for thin film solar cells using CdS as a buffer layer, which
makes it a promising material for photovoltaic technologies
[9, 10]. The CdS thin films must have high transparency, high
conductivity, high bandgap value compared to the absorber
layer, and appropriate thickness with fewer defects to enhance
the performance of solar cells [11–17].
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II.

EXPERIMENTAL DETAILS

Here, the CdS thin films are deposited by the chemical bath
deposition (CBD) method. The precursor materials such as
cadmium acetate (10 mL of 0.3 M) as a cadmium source,
thiourea (10 mL of 0.7 M) as a sulfur source, ammonium
hydroxide (30 mL of 3 M) as a complexing agent, and
ammonium acetate (10 mL of 1 M) as a catalytic reagent are
used for the deposition process. All the above-mentioned
precursor materials are mixed with 200 mL of water for
preparing the precursor solution. The substrates are mounted
vertically inside the solution with the help of a substrate
holder made of Teflon. Once the temperature is applied to the
precursor solution, the chemical reactions between the
cadmium ions and sulfur ions start and then deposit on the

substrate. The possible chemical reactions that occur in the
CBD method for CdS are presented in [2]. The deposition
temperature of 80 ℃ and deposition time of 30 minutes are
the best conditions for utilizing CdS as a buffer layer in the
thin film solar cells. Finally, the deposited CdS thin films by
the chemical bath deposition method are annealed at different
temperatures and times in the MTI vacuum oven. The CdS
thin films are annealed at various temperatures ranging from
50 to 200℃ and times from 30 to 120 minutes. The structural,
morphological, compositional, topographical and optical
properties of CdS thin films are studied through X-ray
diffraction (XRD, Bruker D2 Phaser with the step size of
0.02 ° and 2θ value ranging from 10 to 70 ° ), Raman
spectroscopy (NT-MDT Ntegra spectra using a blue laser
having wavelength 480 nm), scanning electron microscope
(SEM, Tescan Vega-3 SEM using accelerating voltage of 30
kV) equipped with an energy dispersive X-ray spectrometer
(EDS using a working voltage of 15 kV), atomic force
microscope (NT-MDT Ntegra spectra), and UV-Vis
spectroscopy (Jasco V-670 spectrophotometer).

Fig. 2 Schematic of the a) XRD pattern, b) Raman spectroscopy, c) SEM
image, d) AFM image, e) EDS spectrum (inserted with EDS mapping) and,
f) transmission spectra (inserted with Tauc plot) for CdS Thin film
deposited at 80℃ for 30 minutes

B. Results for CdS thin films annealed at different
temperatures and times
Fig. 1 Schematic of the a) experimental set up of CBD and b) MTI vacuum
oven for annealing treatments

III.

RESULTS AND DISCUSSIONS

A. Results for optimized CdS thin film by CBD method
Fig. 2 shows the XRD pattern, Raman spectroscopy, SEM
image, AFM image, EDS spectrum (inserted with EDS
mapping) and transmission spectra (inserted with Tauc plot)
for CdS Thin film grown at 80℃ for 30 minutes. The average
thickness of CdS thin film is found around 80 nm. From the
XRD results, the preferential orientation of (002) located at
26.7° and other planes such as (100), (101), (110), (103), and
(112) are compatible with the hexagonal crystal structure of
CdS [2, 25]. The crystallite size (size of a single crystal) is
calculated using Scherrer’s formula and found around 40 nm
for the plane (002). The first order of the longitudinal optical
(1LO) phonon at 305 cm-1 and 2LO phonon at 605 cm-1 from
the Raman spectroscopy are also related to the hexagonal
phase of the CdS [26]. The uniform, compact, and sphere-like
particles with grain size (size of a particle) ranging from 50
to 100 nm are observed in the SEM image. The average
composition of 55 at% for cadmium and 45 at% for sulfur
atoms is noted from EDS analysis. From the AFM study, the
grains are uniformly distributed and well-connected on the
surface. The surface roughness of film less than 10 nm
confirms the formation of a smooth surface. More than 70 %
of visible light is transmitted through the film and a bandgap
of 2.53 eV is found.

Fig. 3 Schematic of the XRD results of CdS thin films annealed at various
a) temperatures and b) times

The XRD patterns of CdS thin films annealed at different
temperatures and times are presented in Fig. 3. It is observed
from the results that the preferential orientation of CdS thin

films after annealing is changed from (002) located at 26.7°
to (110) located at around 43.6°. The intensity of the (110)
peak is enhanced with an increase in annealing temperatures
and times (except for samples annealed for 120 minutes). The
observed planes such as (110), (002), and (104) confirm the
formation of the hexagonal crystal structure of CdS [2, 27],
which is well-matched with the joint committee powder
diffraction system (JCPDS) card number of 01-074-9664 [2].
The structural parameters of annealed CdS thin films such as
two thetas, FWHM, crystallite size, strain and dislocation
density for intense peak (110) are demonstrated in Table I. It
is inferred from the results that the sample annealed at 100 ℃
for 60 minutes showed better crystallinity than other samples.

dopants, etc. through the vibrational modes [27]. It is
observed from the results that the characteristics peak located
at around 305 cm-1 (is related to 1LO phonon) and the minor
peak located at about 605 cm-1 (is related to 2LO phonon)
verified the formation of the hexagonal phase of CdS [26].
The position of Raman shift and intensity of the characteristic
peak depends on the compositions of the elements, variation
in crystallinity as well as presence of impurities [27]. There
is no variation in the position of Raman shift and intensity of
the 1LO peak, indicating little difference in the crystallinity
and elemental compositions for annealed samples.

TABLE I. STRUCTURAL PARAMETERS OF ANNEALED CdS THIN
FILMS AT DIFFERENT TEMPERATURES AND TIMES
Parameters
Samples

CdS 50℃
60min
CdS 100℃
60min
CdS 150℃
60min
CdS 200℃
60min
CdS 100℃
30min
CdS 100℃
60min
CdS 100℃
90min
CdS 100℃
120min

2𝛉
(degree
s)

FWHM
(Rad
×10-3)

Crystallite
Size
(nm)

Strain
(Rad
×10-3)

Dislocation
density
(lines/nm2)

43.58

7.86

18.00

5.1

0.0031

43.63

7.42

20.13

4.6

0.0025

43.61

7.51

19.89

4.7

0.0025

43.62

8.64

17.29

5.4

0.0033

43.62

9.30

16.15

4.9

0.0038

43.63

7.42

20.13

4.6

0.0025

43.63

8.55

17.47

5.3

0.0033

43.65

8.46

17.66

5.3

0.0032

Fig. 5 SEM images of CdS thin films annealed at different a-d)
temperatures (from 50 to 200 ℃) and i-iv) times (from 30 to 120 min)

Fig. 4 Raman spectra of CdS thin films annealed at different a)
temperatures (from 50 to 200 ℃) and b) times (from 30 to 120 min)

Fig. 4 shows the Raman spectra of CdS thin films annealed at
various temperatures and times, which helps to analyze the
lattice defects, crystal orientation, the concentration of

Fig. 5 displays the SEM micrographs of the CdS thin films
annealed at various temperatures and times. It is seen that the
grains are uniformly distributed in the film, well-connected,
spherical-shaped, continuous, and dense. The slow deposition
rate of CdS on the substrate can provide the above-mentioned
criteria for grains [2]. The spherical grains of CdS might be
due to the spheroid structure of sulfur ions. These results are
compatible with the CdS samples before annealing. The grain
size of annealed samples is calculated from EVA software
(attached in the Tescan Vega-3 SEM) and is found in the
range of 50-100 nm.

The compositional analysis of annealed CdS thin films is
observed through EDS analysis where the average atomic
composition is taken from various random points of the film.
The EDS mapping and EDS spectrum of the CdS thin film
annealed at 100℃ for 60 minutes are shown in Fig. 6. The
elemental compositions of cadmium and sulfur atoms are
presented in Table II. More symmetric compositions of
cadmium and sulfur atoms are observed after annealing which
is due to the movement of these atoms in the film.

Fig. 6 Schematic of a) EDS mapping and b) EDS spectrum of the CdS thin
film annealed at 100 ℃ for 60 minutes
TABLE II. ATOMIC COMPOSITIONS OF ANNEALED CdS THIN
FILMS AT DIFFERENT TEMPERATURES AND TIMES
Parameters
Samples

Cadmium (Cd)
(at %)

Sulfur (S)
(at %)

Cd/S

CdS 50℃ 60min
CdS 100℃ 60min
CdS 150℃ 60min
CdS 200℃ 60min
CdS 100℃ 30min
CdS 100℃ 60min
CdS 100℃ 90min
CdS 100℃ 120min

53.16±2.00
52.54±2.00
51.77±2.00
50.25±2.00
52.03±2.00
52.54±2.00
52.93±2.00
51.22±2.00

46.84±2.00
47.46±2.00
48.23±2.00
49.75±2.00
47.97±2.00
47.46±2.00
47.07±2.00
48.78±2.00

1.13
1.11
1.07
1.01
1.08
1.11
1.12
1.05

The non-contact AFM operation mode is utilized to study the
topography of the annealed CdS thin films. Fig. 7 displays the
AFM images of the annealed CdS thin films. Similarly, the
spherical grains are uniformly distributed and well-connected
in the film. Table III presents the topographical parameters of
the annealed CdS thin films. The average grain size is found
in the range of 90-100 nm, which is compatible with the grain
size obtained from the SEM analysis. The average roughness
of lower than 15 nm confirms the formation of a smooth
surface. The symmetrical height distribution and positive
difference between the peaks and valleys are verified by the
low positive value of skewness (around zero) and kurtosis
values greater than 3 [28].
TABLE III. TOPOGRAPHICAL PARAMETERS FOR CdS THIN FILMS
ANNEALED AT VARIOUS TEMPERATURES AND TIMES
Parameters
Samples
CdS 50℃ 60min
CdS 100℃ 60min
CdS 150℃ 60min
CdS 200℃ 60min
CdS 100℃ 30min
CdS 100℃ 60min
CdS 100℃ 90min
CdS 100℃ 120min

Average
grain size
(nm)
89.8

Average
roughne
ss (nm)
8.10

Skewn
ess
(Ssk)
0.275

Kurtosis
(Ska)

89.5
91.5
96.0
100.1
89.5
99.8
95.5

6.81
7.04
7.98
10.03
6.81
13.44
16.75

0.213
0.181
0.147
0.228
0.213
0.074
0.073

4.541
3.412
3.961
3.558
4.541
5.092
3.909

4.172

Fig. 7 AFM images of CdS thin films annealed at different a-d)
temperatures (from 50 to 200 ℃) and i-iv) times (from 30 to 120 min)

The transmission spectra and bandgap of CdS are crucial
parameters in photovoltaic devices that help to study the
fundamental absorption, the transmission of light, and the
generation of charge carriers [27]. Transmittance is the ratio
of the incident intensity of light to the amount of intensity that
passes through the specimen. The transmittance and the
bandgap energy diagram of annealed CdS thin films are
shown in Fig. 8 and Fig. 9, respectively. It is observed from
the results that the annealed CdS thin films can transmit more
than 70% of light in the visible region. This result
demonstrated that the CdS buffer layer in thin film solar cells
can pass more photons towards the absorber layer and
improve the device’s performance. The transmission curves
did not show any wave-like patterns due to the ultrathin
nature of CdS films. Since Transmittance data of annealed
samples were performed in the range of 350 to 900 nm, the
origin of the transmittance spectrum could be found in a lower
value than 350 nm. The transmittance of annealed CdS
samples before fundamental absorption (around 510 nm)
decreases due to an increase in the absorption of light in the
specimen [29]. The slight variation of transmittance in the
wavelength region might be due to some physical effects (i.e.,
defect density, surface irregularity, etc.) and deposition
parameters [30].

The bandgap of CdS thin films can be determined by
extrapolating the straight-line part of the plot (𝛼h𝜐)2 versus
photon energy (h𝜐) to the energy axis ((𝛼h𝜐)2=0) [2, 31]. The
calculated bandgaps for CdS thin films annealed at various
temperatures and times are slightly lower (i.e., ranging from
2.47 to 2.52 eV) than the CdS thin film before annealing (i.e.,
2.53 eV). These obtained bandgaps are compatible with the
bandgap of the hexagonal crystal structure of CdS. This result
showed that the annealing treatment strongly affects the
transmittance and bandgap of the CdS.
IV.

Fig. 8 Transmission spectra of CdS thin films annealed at different a)
temperatures (from 50 to 200 ℃) and b) times (from 30 to 120 min)

CONCLUSIONS

In conclusion, the CBD-CdS thin films are successfully
annealed at various temperatures and times. From the XRD
results, the preferential orientation of CdS thin films is
changed from (002) to (110) after annealing treatments. The
constant intensity of 1LO phonon peaks located at 305 cm-1
is also seen from the Raman spectra. The spherical-shaped,
uniform and well-connected grains are observed from the
AFM and SEM images of the annealed CdS thin films. The
atomic compositions of cadmium and sulfur atoms are
changed into more symmetric compositions after annealing
the CdS thin films. Finally, the bandgap of annealed CdS thin
films was slightly lower than the bandgap of CdS thin films
before annealing treatment. The hexagonal crystal structure
for CdS is noticed by analyzing these results. Therefore, the
CdS thin film annealed at a temperature of 100 ℃ for 60
minutes is the most suitable condition for utilizing as a buffer
layer in thin film solar cells.
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