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Abstract—CdS thin films were deposited on corning glass
substrates using both Chemical Bath Deposition (CBD) and RFSputtering. For CBD, cadmium acetate and thiourea were used as
precursors with an atomic ratio of 1: 3, respectively. For the RFSputtering technique, a Kurt J. Lesker CdS target with a purity of
99.9999% was used.
All the CdS thin films were characterized by profilometry, X-ray
diffractometry in a range of 20 to 80 °, UV-Vis spectroscopy in a
wavelength range of 300 to 1000 nm, Scaning Electron Microscopy
(SEM, EDS), Raman spectroscopy in a range of 100 to 1000 cm-1,
and photoluminicense.
Keywords—CBD; RF-Sputtering; Thin Films.

I. INTRODUCTION
Cadmium sulfide (CdS), is an n-type semiconductor, with a band
gap between 2.2 and 2.6 eV that crystallizes in two different
structures, cubic type zinc-blende and hexagonal type wurtzite.
CdS is a very versatile material that can be obtained by chemical
techniques such as chemical bath deposition (CBD), chemical
vapor deposition (CVD), and Sol Gel, as well as physical
techniques, such as physical vapor deposition (PVD),
Sputtering, and laser ablation (PLD), among others. The CdS is
a material widely used in modern electronics as light detector,
LED, window layer in different solar cell structures, as is the
case of the heterostructure CdS/CdTe, buffer layer in solar cells
based on cupper-indium-gallium-selenium (CIGS), and dopant
in the form of nanoparticles for various quantum dot devices.[1]

[2]

In this work we present partial results obtained from the
structural, optical and morphological characterization of thin
films of CdS deposited by two techniques, CBD and Sputtering.
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II. EXPERIMENTAL PROCEDURE
A. Chemical Bath Deposition
CdS samples were deposited onto corning glass substrates,
irrespective of the deposition technique.
CdS thin films grown by CBD were prepared using cadmium
acetate as source of Cd2+ and thiourea as source of S2- with a
Cd/S atomic ratio of 3:1. To obtain a starting solution with a pH
of 11, a mix of ammonium acetate/ammonium hydroxide was
used as buffer solution. This solution was kept under magnetic
stirring at a constant temperature of 90 ° C at different times, 40,
50 and 60 min.
B. Sputtering Deposition
For the samples deposited by RF-Sputtering, the deposition time
was varied from 60 to 120 min with intervals of 15 min, at a
constant power of 25 W and a substrate temperature of 300 ° C.
A CdS target, brand Kurt J. Lesker with a purity of 99.9999 %
was used.
III. RESULTS AND DISCUSSION
A. Thickness Measurements
The thickness measurements were carried out with a KLA
Tencor profilometer model D-100. Fig. 1 shows graphically the
variation of the thickness as a function of the deposition time for
the samples deposited by, a) CBD and b) RF-Sputtering. From
this graph it can be observed that the films thickness increases
directly with the deposition time, as was expected, presenting
thickness values between 100 and 150 nm for the CBD
deposition technique, and 20 and 70 nm for RF-Sputtering. The
higher thickness values are typically used for window layers in
CdS/CdTe heterostructures in solar cells (thicknesses of 40-70
nm).[11] [12]

a)

b)

Fig. 1 Graphs of thickness of the samples deposited by, a) Chemical bath and b)
RF-Sputtering.

B. Structural Measurements
The structural properties of the deposited CdS samples were
analyzed by X-ray diffraction measurements in a PANalytical
Xpert Pro equipment. Fig. 2 shows the X-ray diffractograms for
samples deposited by, a) CBD for depositions times of 40, 50
and 60 min, and b) RF-Sputtering for the thickest films,
deposited at 90, 105 and 120 min. CBD samples only show a
diffraction peak located at 2θ= 26 °; this peak can be associated
with the plane (111) of the cubic structure, or with the (002)
plane of the hexagonal structure, according to the cards PDF #
10-0454, and PDF # 41-1049, respectively, then is not evident
the identification of the crystalline phase of the films. CdS
samples deposited by RF-Sputtering show several diffraction
peaks at 2θ values, 26.8, 53.4, and 54.8 °, that can be associated
with diffraction peaks of the two different crystalline structures
of CdS due to the close values; (111) , (311), (222) of the cubic
structure, or (002), (112), and (004) of the hexagonal structure.
As can be observed from the diffractograms, depositions by RFSputtering present a better crystalline quality, as was expected,
since the deposition is carried out in a slower and controlled
way, obtaining a better stoichiometry in comparison with
chemical techniques, where the sulfur is lost due to its high
vapor pressure, and as a result, generating defects in the
structure, such as sulfur vacancies or cadmium interstitials.[7]
a)

C. Raman Spectroscopy.
The Fig. 3 shows the Raman spectra of all films deposited by a)
CBD and b) Sputtering RF in a range of 100-1000 cm-1
performed on a Thermo Scientific equipment, model DXRTM
2xi. The samples deposited by the CBD show only the
vibrational modes 1LO and 2LO at wave numbers of 299.17
and 603.4 cm-1, respectively. The samples deposited by RFSputtering show the next vibrational modes 1LO, 2LO and 3LO
at values of 301.6, 603.4 and 901.35 cm-1. When presenting a
more vibrational mode, it indicates a best crystalline quality.
The samples deposited by RF-Sputtering shows more
vibrational modes in comparison with the samples obtained by
CBD, this is consistent with what was observed by x-ray
diffraction.[6]
a)

b)

b)

Figura 3. Raman shift graphs for the films deposited by a) CBD and b) RFSputtering.

Figura 2. X-ray diffractogram for thin films of CdS deposited by a) CBD and b)
RF-Sputtering.

D. Optical Properties.
The Fig. 4 shows the UV-Vis spectrum of the thin films of CdS
obtained by a) CBD and b) RF-Sputtering, in a range of 3501100 nm. The spectra were acquired with a Thermo Scientific
spectrophotometer model GENESYS 10S. In these cases, the
optical transmission of thin films of CdS is between 60-70%.
For values higher than its absorption border, the presence of
interference effects is not observed in any of the CdS samples.
Slides are also observed towards larger wavelengths due to the
increase in their thickness. Figures 4b and 4c show the graphs
for the calculation of the bandgap of the samples, b) CBD and
d) Sputtering, using the parabolic band method of Tauc.[10] At

the absorption edge 2 slopes can be clearly seen, one around
500 nm which is attributed to the CdS since its banned band gap
is between 2.2 to 2.6 eV, and the second around 300 nm which
can be attributed to the CdO since the oxides have band gap
greater than 3.7 eV. The forbidden band gap obtained for these
thin films of CdS is between the values reported for the CdS
with direct transition with values between 2.2 and 2.6 eV. [4] [10]
a)

c)

result is due to the defects number produced during the growth
of films by the CBD technique, such as sulfur vacancies or
cadmium interstitials, which is not always negative for some
CdS applications. From the above it is corroborated that the
CBD samples despite having a lower crystalline quality have
better photoluminescent properties.[13] [7]
a)

b)

d)

b)

Fig. 4 UV-Vis spectra of the thin films of CdS deposited by a) CBD and c) RFSputtering. Graphs showing the calculation of the bandwidth prohibited for the
films deposited by b) CBD and d) RF-Sputtering.

E. Photoluminescent Properties
Fig. 5 shows the photoluminescence (PhL) spectra of the CdS
thin films; the measurements were made under the following
parameters: excitation with a green laser with a wavelength of
488 nm and a slit of 2 μm. A typical PhL spectrum of CdS
presents 4 characteristic bands in photoluminescence. i) The
green band, associated with the band-band transitions, or
transitions between donor levels and the valence band, and
recombination processes in a range of 2.18 and 2.54 eV. ii) The
yellow band that is attributed to the transitions between donor
and acceptor levels, originated by not intentional impurities
present in the energy interval of 2.07-2.18 eV. iii) The orange
band, located between 2.00 and 2.07 eV, corresponds to
transitions associated with defects caused by the presence of
cadmium interstitials. Finally, iv) the red band, located between
1.59 and 2.00 eV, is associated with the vacancies of sulfur
atoms or the presence of cadmium interstitial, which causes the
presence of acceptor and donor levels.
From Fig. 5b, it can be observed that CdS samples deposited by
RF-Sputering corresponding to depositions of 90 and 120 min
present a greater contribution of the red band in comparison
with the green band, due to the presence of defects in the films,
whereas the 105 min sample presents a very low intensity for
this band. The samples deposited by CBD (see Fig. 5a),
irrespective of the deposition time, show a greater intensity of
the green band, whereas the presence of the other bands is
almost null as compared with the RF-Sputtering samples. This

Fig. 5 Photoluminescence spectra of CdS thin films deposited by a) CBD and b)
RF-Sputtering.

Fig. 6 shows the SEM images of the three CdS samples
deposited by CBD. The analysis was developed with an energy
of 2 KeV and 50000X. From the SEM micrographs it can be
seen that the grain boundaries on the films surface are clearly
defined, and as the deposit time increases it is observed that the
surface roughness is increased. From EDS analysis, it is
confirmed a excess of Cd into the films, that oscillates between
54 and 58 at. %, which leads to an n-type conductivity,
corroborating what is observed in the photoluminescence
spectra.

a)

c)

b)

d)

Fig. 6 SEM images of CdS thin films by CBD. a) 40 min, b) 50 min, c) 60 min, and d) are presented atomic as a function of deposit time.

IV. CONCLUSIONS.
In the Fig. 7 shows the images of the samples deposited by
RF-Sputering also acquired with a scanning electron
microscope with an energy of 2 KeV and 50000x. In the
images it is observed that in the samples deposited at 90 and
120 min, grain boundaries are not clearly defined and the
presence of some agglomerates on the surface of these
samples is observed. In the 105-minute sample, welldefined and agglomerated grain boundaries are observed on
the surface that induce a surface texture. In the Fig. 7 d)
shows the EDS results of these samples in which a better
stoichiometry is observed in comparison with the CBD
samples, in which it is observed that the presence of Cd
varies between 50 and 52 atomic%, which corroborates that
these samples have a better order and crystal quality, as
evidenced by the spectra of X-ray diffraction and Raman
spectroscopy.

The CdS is a highly versatile material that can be deposited by
chemical and physical techniques. The CdS films deposited by
CBD and RF-Sputtering present good structural properties,
since they present the 3 optical longitudinal vibrational modes
at the values of 301.6, 603.4 and 901.35 cm-1. In addition, these
sputtered films show more diffraction peaks corresponding to
CdS than samples deposited by CBD. The bandgap energy was
around 2.2 eV for all samples. From the obtained results, it can
be deduced that, physical techniques present a better control of
the deposition conditions, leading to better films growth, which
is confirmed from X-ray diffraction and Raman spectroscopy
characterizations.
CdS samples deposited by CBD show more intense band-band
transitions, or green photoluminescence. The before mentioned
is corroborated from EDS characterization, where it is observed
that samples deposited by CBD present a higher concentration
of Cd compared with CdS samples deposited by RF-Sputtering.
Both CdS films, deposited by CBD and RF-Sputtering, present
good physical characteristics for being used in CdS/CdTe
heterostructures for applications in thin solar cells.

a)

b)

c)

d)

Fig. 7 The images taken by SEM of the thin CdS pellets by RF-Sputtering are shown. a) 90 min, b) 105 min, c) 120 min and d) the EDS graph
of these same samples.
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