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Abstract

Through the utilization of the pulsed laser ablation technique, binary and ternary CdS.Se.x films,
with a value of 0 < x < 1, were deposited on a quartz substrate. The formation of these films was
accomplished by employing a pulsed Nd:YAG laser, maintaining a pressure of 4 x 10 Torr
within the growth chamber, and maintaining a substrate temperature of 550 °C. The hexagonal
structure of the CdSxSe .x semiconducting films was validated by XRD, which indicated that the
films possessed a preferential orientation in the (002) plane. This orientation was associated with
the films’ exceptional crystal quality. The energy band gap (Eg) can be estimated with the help of
transmittance spectra. The values that we have calculated for the ternaries are 1.78, 1.9, and 2.06
eV, whereas the values for CdSe are 1.68 ¢V and the values for CdS are 2.39 eV. All of the
samples exhibited a robust luminescence emission when the temperature was at room
temperature. Furthermore, Raman spectroscopy revealed that the phonons associated with LO-
CdS and LO-CdSe were seen simultaneously in the compound of ternaries. There is a correlation
between the content of sulfur and the changing intensities and positions of these peaks.
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Introduction:

Numerous binary and ternary semiconductor compounds, such as the II-VI compounds, are
presently being studied due to their exceptional optical and electrical characteristics. Binary
compounds CdS and CdSe exhibit a stable wurtzite structure and possess a straight band gap'.
Ternary compounds possess the characteristic that the energy band gap is adjustable; specifically,
for CdS«Sei.x, this range varies from 1.72 to 2.42 eV by altering the concentrations of sulfur (S)
and selenium (Se). The ternary CdSiSeix compounds are significant for the fabrication of
photovoltaic and optoelectronic devices due to their great sensitivity in the near- infrared and
visible spectra. The CdSSei« semiconductor compounds have excellent photoconductive and
photoluminescent capabilities, enabling their successful integration into a variety of devices,
including diodes, photosensors, LEDs, and photoresistors.

Laser ablation technique has been consolidated as a good alternative for the deposition of
semiconductor films due to the quality of the films that are produced as a result of having the
ability to tailor some of their physical properties®®. Although there are several techniques that
have been used to process CdSxSel-x thin films, laser ablation technique has been consolidated
as a reliable alternative. The laser ablation technique makes use of a pulsed laser beam with a
high energy density that is focused on the surface of the target in order to evaporate and generate
a plasma that will condense on the substrate in order to form the film’.
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Material and Methods:

For the purpose of this study, a laser ablation technique was utilized to process a total of five
samples of CdS,Sei«. For the purpose of the laser ablation procedure, which was carried out at a
pressure of 4 x 10 Torr, a turbomolecular pump was utilized in order to evacuate the vacuum
chamber. The ablation procedure was carried out with the assistance of a Nd-YAG laser that had
a pulse duration of 12 nsec, a repetition rate of 30 hertz, and a wavelength of 1064 nanometers.
All of the samples were subjected to a laser beam with a power of mJ per pulse. An object
consisting of crushed powder was the target of the laser beam’s concentration. Five circular
targets made of CdS, CdSe, CdSo.75Seo.25, CdSo.sSeo.s and CdSo25sSeo.7s were utilized. Each target
had a diameter of one inch and a thickness of 3 mm.

Compressing CdS and CdSe high purity powders (Aldrich 99.99 %) yielded the CdS and CdSe
targets, whereas combining CdS and CdSe powders yielded the ternary compound targets. The
following amounts were blended for the first target: CdS (6.94 g) and CdSe (3.06 g), for the
second target: CdS (4.3 g) and CdSe (5.7 g), and for the third target: CdS (2.01 g) and CdSe
(7.99 g). This was done since each target was constructed with 10 g of powder and the densities of
the compounds were taken into account. A pressure of 1 kbar was used to obtain all targets. The
ablated material was deposited on substrates that were 3 cm away from the intended surface.
The ablated material was deposited on substrates that were three centimeters away from the
intended surface. All through the ablation process, the substrate—fused quartz—was
maintained at a temperature of 500 °C. Thirty minutes was the designated deposition time. To
examine the samples’ crystalline structure, X-ray diffraction was carried out in a 6 - 26 setup
utilizing the Ka line of cooper (A = 1.54 A) in a Bruker Advance diffractometer. A Perkin
Elmer Lambda 35 spectrometer was used in the twin beam setup to generate UV-Vis
transmittance spectra. This allowed for the calculation of the energy band gap of the materials.
Using the 442 nm line of a He-Cd laser to excite the photoluminescence and a He-Ne laser (633
nm) for the Raman, the photoluminescence and Raman spectra were recorded using the
LabRam HR Evolution spectrometer. The optical microscope’s 100X objective lens focused the
laser beam on the sample, which deposited an intensity of about 30 mJ onto the film’s surface.

Results:
In the case of the binary compounds CdSe and CdS films, the diffraction spectra reveal a main

peak at 20 = 25.4° and 260 = 25.35°, respectively (Fig. 1), which are associated with the (002)
crystalline plane of the hexagonal phase’. In addition, the ternary compounds’ main peaks can be
seen between these two peaks. As the temperature rises, the nuclei orientation tends to develop
perpendicular arrangements along the substrate, allowing the atoms to gain enough energy for
nucleation. This results in the hexagonal phase, which is often most noticeable in CdS (II-VI)
films formed at high temperatures. The deposit’s orientation along the c-axis perpendicular to the
substrate is explained by the occurrence of the (002) peak, which is associated with the hexagonal
structure'”.

According to Bragg’s Law'!, the interplanar distance d was determined by utilizing the location
of the primary peak in each diffractogram.

ni
d= 1
2sin® M

with A = 1.54 A the wavelength of Ko copper emission, n any integer and 0 the Bragg angle of
reflection. According to previous report'?, the structural characteristics can also be connected to
the interplanar distance d.
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Fig. 2 Dependence of the CdSxSe.x films with different sulphur concentration

UV-Vis spectroscopy: Transmittance spectra of all the CdS«Sei.« films, are shown in Fig. 3. It can
be observed that there is a shift of the band edge from 550 nm, for CdS, to longer wavelength 790
nm, for CdSe, as a function of sulfur concentration. The transmittance spectra were analyzed in
order to calculate the band gap energy for all the CdS.Seix samples. The calculation of the
absorption coefficient () was performed by using the Essick method'¢, according to the equation:

1 Ho-ry'+RTR?}T_(-RY? \
g 2TR’ }/ @

where d is the optical thickness of the films; R is the reflection coefficient calculated in the
transparent region of spectrum and T is the transmittance as a function of wavelength for the band
edge. The energy band gap E, can be obtained by extrapolating the linear regression of the plot
(ah@)* vs. hd to zero'’, as it can be seen in Fig. 4, taking into account that the CdS,Seix

semiconducting film have a direct band gap the energy values for all the samples are summarized
in Table-2.
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Fig. 3 UV spectra of the CdS,Se;« films
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Fig. 4 Energy gap of the CdS.Sei.« films

The band gap values were used to visualize the dependence between the band gap energy E, and

the sulfur concentration x, which presents a non-linear behaviour which can be described earlier
The experimental points fit the equation :
Eq(x)=1.69-(1 —x)+235-x—0.62-x-(1—x) (6)

The fitting parameters correspond to the energy band gap of CdS and CdSe, which agree whit
values reported in literature'**°. The bowing parameter resulted be b = 0.62 eV, this has an

upward bowing of the band gap, as commonly reported for CdS,Se A

Photoluminescence spectroscopy: Based on the Photoluminescence (PL) measurements, Fig. 5
shows the normalized PL spectra at room temperature of the CdSxSe .« films. As it can be seen a
set of relatively narrow PL bands in the spectral range 1.5-2.6 eV are observed, each one for each
CdS«Seix sample. The emission band at lowest energy, 1.70 eV, corresponds to CdSe, while the
highest energy emission band, 2.41 eV, corresponds to CdS. It is possible to observe a shift to
higher energy of the emission band by increasing the sulfur concentration. Usually, the energy of
the emitted radiation is associated with transitions in the near band Edge (NBE), with the
participation of donor—acceptors pairs (DAPs)*. The CdS film PL spectrum is the only one

PL intensity (a.u.)

1.31415161.718192021222324252627
Photon energy, hv (eV)

Fig. 5 PL spectra of the CdS.Se;« films
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which showed a second low intensity band located around to 1.8 eV, which according to the
literature can be related to sulfur vacancies®. Furthermore, the symmetry and the width of the PL
bands are related to good crystallinity on the films, as observed in the X-ray diffractograms.
Because of the high deposition temperatures, the molecular species on the substrate surface gain
more thermal energy, which increases the coalescence of the atoms giving rise to a film with
uniform thickness and also a good crystallinity**.

Raman spectroscopy: In order to analyze the structural properties of the CdS.Se.x samples, they
were analyzed by Raman spectroscopy, Fig. 6 shows the set Raman spectra, at room temperature.
The spectra were recorded by using a He-Ne laser (633 nm) as excitation source. Usually CdSSe;.-
« ternary compounds are classified within the so-called two mode behaviour alloys: CdS-like (LO)
and CdSe-like (LO), i.e. characteristic of the binary compounds CdS and CdSe are simultaneously
present for each intermediate concentration. These results suggest that scattering from the whole
phonon is activated by disorder in CdS,Sei alloys®. In Fig. 7 it also can be seen two distinct
phonon modes, the CdS-like LO mode (at 300 cm™) and the CdSe-like LO mode (at 206 cm™),
which are associated with the hexagonal phase of each binary compound. CdS film have other
signals, the first one at 210 cm™ related to TO mode and the second one at 600 cm™ related to
2.0 mode. On the other hand the CdSe film have signal at 635 cm™ related to 3LO mode. It can
be also observed peaks at 293, 281, 277 cm™ related to CdS in the ternary compounds as the
concentration of sulfur decreases. In the same way, peaks at 198, 200, 204 cm™ related to CdSe
are present when changing the concentration of sulfur in the ternary alloys. The bands on the high
energy side of Raman spectra are second-order modes, in the ternary films it can be observed the
2LO-CdS mode at 584 cm™ for CdSp75Seq.s, at 560 cm-1 for CdS¢s0Seos0, whereas the 2LO-
CdSe mode can be seen at 415 cm™ for CdS film and at 410 cm™ for CdSo5Seo 75 films. On the
other hand, the overlapping of the LO-CdS + LO-CdSe phonon modes are present in the ternary
compounds, at 490 cm™ for CdSo75Seoas, at 483 cm™ for CdSosoSeoso, and at 480 cm™ for
CdSo25Senrs"*?.
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Fig. 6 Raman spectra of the CdS.Sei.« films
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The contribution of the LO-CdS and LO-CdSe modes depends on the sulfur content. In fact, the
decrease of sulfur concentration from de 0.75 to 0.25 yields a decrease of LO-CdS intensity as
compared to the LO-CdSe mode. The asymmetry of the LO-CdS phonon peaks is attributed to
phonon confinement or disorder effects, as the lattice disorder in the ternary compound mostly
arises from the replacement of a heavier atom, selenium, for a lighter atom, sulfur®®. It can be
observed that the LO-CdS phonon mode frequency falls gradually as a function (decrease) of the
sulfur content, which corresponds to an increase in selenium concentration, in good agreement
with earlier reports?’. This behaviour is a result of the ternary alloying effect, the Raman spectra
(Fig 6) show that the phonon peaks are shifted and the dispersion intensity is smaller than the
dispersion related to the binary compounds. Additionally, disorder also produces broadening of
the Raman modes. Then, we shall assume that the band-edge LO phonon wavenumbers shift as
the composition x changes in the same way as the corresponding Brillouin zone-center
wavenumbers. In other words, the bending parameters of the dispersion curves vary linearly with
x and vanish in the limit of x — 1 for CdSe-like modes and x — 0 for CdS-like ones. Because of
the relatively large difference between the wavenumbers of the CdSe-like and CdS-like modes,
they can be considered independently®.

Conclusion:

At room temperature, films made of semiconductor ternary compounds with outstanding
crystalline quality could be grown using the laser ablation technique. These compounds emit
radiation in the visible range. Band gaps for deposited films ranged from 1.68 eV for CdSe to
2.39 eV for CdS, suggesting that different concentrations of sulfur could provide different band
gaps. The Raman spectroscopy of the ternary samples, on the other hand, showed two phonons
linked to LO-CdS and LO-CdSe, the strengths of which varied with the concentration of sulfur. It
has been shown in nanocrystals and polycrystalline thin films that these Raman modes display
non-symmetry, which may be associated with phonon confinement and disorder effects.
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