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ABSTRACT

This work describes the successful synthesis of Cadmium sulfide and selenium nanoparticles using pulsed laser ablation in liquid (DW).
The analysis of the morphological structural, optical, and chemical properties of all samples has been conducted. From XRD, it found
the Se, SeO2 and Se205 phases with average Crystalline size 10.84 nm and 19.37 nm, respectively. By FE-SEM of CdS and
Selenium/Selenium Oxide was used to study the morphologies of the films, where The particles diameters was 90.89 nm. and 50.51
nm respectively. Using atomic force microscopy (AFM)of CdS and selenium/selenium oxide films were found to have average grain
sizes of 40.14 and 32.07 nm, respectively. CdS nanoparticles have a band gap of 2.5 eV, while selenium/selenium oxide was discovered
to have a band gap of 4.49 eV. The vibrational and functional groups found in the CdS and Selenium/Selenium oxide system have been
studied by recording the FTIR spectra of CdS and Selenium/Selenium oxide NPs at room temperature. This work also describes the
design of three common CdS/Si (D1), Se-Selenium oxide/Si (D2), and Se-Selenium oxide/CdS/Si(D3) Heterojunction photodetectors.
The D1 detector's response spectrum shows good selectivity for VIS and NIR light detection. For optoelectronic applications, CdS NPs
could therefore be a promising candidate material. It was discovered that case D2 exclusively responds to NIR light. In contrast, D3
has a reaction to both visible and infrared light.
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condensed state forms, including amorphous, trigonal,
rhombohedral, monoclinic, cubic, and orthorhombic polymorphs.
With an energy band gap of about 1.7 eV, this material may
convert sunlight into electricity, a process known as photovoltaic
action. Researchers have recently been motivated to transform
selenium into a variety of significant nanomaterial’s, including
ZnSe, CdSe, and others, due to its remarkable reactivity towards
a wide range of chemicals. Both pure selenium and nanomaterials
incorporating  selenium  have superior  photoelectrical,
semiconductor, and biolo-gical activity capacities [#%. Compared
to previous approaches, (PLAL) is the most current technique for
creating nanoparticles and has attracted a lot of interest as a
cutting-edge NP manufacturing method [, The PLAL process is
a physical synthesis method for NPs that removes the need for a
chemical reaction. Because no harmful or dangerous gasses are
released, it is environmentally beneficial. The ultrapurity of the
resulting colloidal solutions and nanoparticles makes it easier to
employ them in in vivo biological or biochemical applications.
This procedure creates nanoparticles as a colloidal suspension,
which increases safety when compared to dry-processed
nanoparticles. Numerous variables, such as laser wavelength,
laser energy, number of laser pulses, type of colloid solution, and

1 Introduction

Because of their distinct optoelectronic, biological, and quantum
confinement effects, semiconductor nanoparticles (NPs) in
colloidal fluids have drawn the attention of numerous researchers
1181 When the particle's radius is similar to the exciton's Bohr
radius compared to the bulk material, the effects of low
dimensionality have a significant impact on the physiochemical
characteristics of semiconductors. The easy production of 11-VI
semiconductor nanoparticles in the desired size range generally
draws more attention. With a direct band gap (Eg) of 2.42 eV,
(CdS) is one of the most promising semi-conductors among them
due to its use in a number of applications, such as photo-detectors,
photo-catalysts, and antibacterial properties. CdS nanoparticles
were produced using a variety of methods, such as a sol—gel
template, the Solvo-thermal pathway, hydrothermal, laser
ablation, and chemical process [*71. A member of the chalcogen
family, selenium is a p-type semi-conductor with a variety of
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pulse time, might influence the characteristics of produced
nanoparticles employing this technique 1%, In this study, we
report the synthesis of CdS and Se nanoparticles by ablation of
CdS and Se targets in distilled water using a Nd:YAG laser. We
investigate CdS/p-Si, Se(/p-Si), and Se(SexOx-1)/CdS/p-Si's
structural, optical, and photodetecting characteristics. Cadmium
sulfide (CdS) finds widespread use in various applications,
particularly photodetectors. However, its efficiency is impacted
by the high recombination rate and the sluggish electron—hole
pair separation rate. The selenium or selenium oxide has unique
optical and electrical characteristics, such as good electron
conductivity and a high absorption coefficient in the red range.
However, we review of previous studies has not found any
publications that discuss the integration of CdS with Se or
selenium oxide, especially when it comes to using this
combination to create photodetectors that can operate throughout
a broad wavelength range. Enhancing the separation of electron-
hole pairs and decreasing recombination boosts conversion
efficiency and improves the material's chemical stability. The
goal of this work was to close this gap by combining the two
materials in order to boost the photoresponse efficiency and
improve the optical and electrical characteristics. Therefore, we
indicate that this is the first report of a cadmium
disulfide/selenium oxide photodetector.

2 Preparation of samples

The cadmium sulfide (CdS) and selenium (Se)99.9% pure
powders used to prepare the targets were sourced from the
university's laboratory. According to the data, the average particle
size of these powders is approximately 4 um, which is within the
common range for non-nano powders. Using 3 g of CdS and Se
in a pressing mold using a hydraulic press under a pressure of 10
tons for 30 min to form cohesive, homogeneous target suitable
with diameter 1.7 cm for laser ablation as seen in Fig.1(a,b) CdS
and Se respectively. The CdS and Se nanoparticle suspension was
created by pulsed laser ablation(Nd:YAG laser beam- (type
HUAFEI)) utilizing laser energy 480 mJ at wavelength of 1064
nm, 7ns pulse width ,a laser frequency of 5 Hz 1000 pulse where
the ablation time 200sec. Following initial testing to strike a
balance between ablation efficiency and particle quality, the laser
energy 480 mJ and frequency (5 Hz) were chosen as shown in
figl(c). As a result, 480 mJ and 5Hz was determined to be the
ideal amount, producing stable nanoparticles with a limited size
range and an appropriate ablation rate. During the ablation
process, Some of the laser energy is lost as it passes through the
water, but in our experiment the water level above the target was
as low as 2 mm, so the loss is very small (less than 5%) and
practically negligible, and therefore does not significantly affect
the results. The CdS and Se targets were placed separately in the
bottom of a glass vessel with 5 ml of distilled water (DW).The
targets and the laser lens were about 12 cm apart with spot size
2.3mm. The optimal conditions for the synthesis of CdS and Se
nanoparticles( as seen in fig.1(d)  with stable optical
characteristics that are appropriate for photodetector applications
were met using these criteria . Following preparation the
solutions (CdS and Se) were put in quartz cells to investigate
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UV-Vis and FTIR analysis. To investigate the XRD, FE-SEM
and AFM the solution was deposited by drop cast onto a glass
substrate about 4 drop (with size 50 ul) to form thickness about
200410 nm according preliminary experiments.

()

Figure 1: Experimental steps of preparation : (a,b) Target of CdS and Se
respectively. (c) parameter of laser device and (d,e) suspension and thin
film CdS and Se respectively.

The substrates of Silicon were cut into 2cm *2cm To get rid of
the oxide, the substrates p-Si (111) with an electrical resistance
of 3-5 Qecm) were treated with an HF:H20 (1:10) solution .Then
rinsed with deionized water. The second step was to place the
silver paste as electrode on the back side of substrate, then dried
at 50C.The third step was thin films deposited by drop casting
CdS and Se-Se205) NPs on the surface Si (4 drops with size
50mL) at less than 90C, to fabrication three common CdS/Si, Se
-Se205/Si, and Se -Se205/CdS/Si Heterojunction photodetector
as shown in Figure 2 (These devices are called devices D1, D2,
and D3).
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electrodes electrodes

CdS film Se(SexOx-1)

Figure 2: Schematic diagram of three Heterojunction Photodetector.

3 Results and discussion

Figure 3a,b shows the CdS and Se X-ray diffraction pattern.
According to numerous research studies and in accordance with
the information in the ICDC (N0.00-041-1049) file card, “the
diffraction peaks at 20 correspond to the following lattice planes:
(100), (002), (101), (110), and (103), respectively. Film has
hexagonal wurtzite phase of CdS. The peak sharp at (100) and
absence of any peaks associated with contaminants indicate to
CdS sample good crystallinity and a high purity 123, The Se
nanoparticles' X-ray diffraction pattern is displayed in Figure 3b.
The diffraction peaks at 23.55°, 29.75°, 41.90°, 43.90°, and
56.35° are indexed as the (100), (101), (110), (102), (111), (201),
(112) Se planes, respectively. this agree with standard card
“JCPDS card No. 06-0362” and can be indexed as the hexagonal
structure of Se. The (320), (401), and (422) planes at peaks 38.9,
46.00, and 61.70, respectively, and they are in good agreement
with those on the standard card (JCPDS card No. 22-1314) of
Se02. The phase of Se205 detected at 50.75 and 78.6 is indexed
for (126) and (333) planes of Se205. These are in good agreement
with those on the standard card (JCPDS card No. 34-1000). [,
According to Scherer’s equation, the crystallite sizes of selenium
and CdS were 19.37 nm and 10.84 nm, respectively.

The morphologies of the films were examined using FE-SEM of
CdS and Selenium/selenium oxide with varying magnifications
of 1 um and 200 nm. Figure 4a displays the surface of the
cadmium sulfide film, where two distinct particle shapes were
observed: rods covered with aggregation of semi-spherical
nanoparticles (as indicated by yellow circles and lines) with a
diameter of up to 90.89 nm. Figure 4b displays the Se/Selenium
oxide FE-SEM images. Thin films of Se/Selenium oxide, as seen
in Fig.4b, have a sponge-like structure and are porous, suggesting
a sizable surface area. The particle diameter reaches 50.51
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nanometers, in addition to the small clusters of nanoparticles
dispersed across the sponge surface.

To investigate the surface characteristics and morphology of CdS
and Selenium/Selenium oxide, atomic force microscopy (mode
AA3000 Scanning Probe Angstrom Advance Inc.)) analysis was
performed using a three-dimensional topographic picture with
scan area (X=0.16um and Y=0.16pum as in images) and
histogram as illustrated in figures 5a-d. To provide more precise
and trustworthy results, the AFM measurements were made twice
at various surface regions. The program Imager 6.2 was used to
analyzed the data. It was found that the nanoparticles produced
using the laser ablation process and deposited by drop-cast onto
substrates were extremely small, uniformly distributed, tapered,
half-sphere-shaped, and occasionally monopod rod-shaped.
According to the histogram, software determined that the average
grain size of CdS was 40.14 nm, whereas that of
Selenium/Selenium oxide was 32.07 nm. The average roughness
(Sa) of CdS and Selenium (Selenium oxide) was 1.53 and 1.78
nm, respectively. Selenium/Selenium oxide was found to be more
rough than CdS. This result is consistent with the idea that a

decrease in mean crystal size will make a nanomaterial rougher
5]
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Figure 3: XRD analysis of samples of a-CdS filmand b- Se film.
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Figure 4: SEM image of samples a-CdS and b-Se/selenium oxide.
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Figure 5: AFM image and Histogram of samples: (a,b)-CdS film and
(c,d)-Se/selenium oxide film.

To determine the kinetic behavior of CdS NPs and Se/Selenium
oxide NPs were analyzed using a PerkinElmer UV-Vis spectro-
photometer, Lambda-19. The samples were scanned between
200 and 1100 nm at a speed of 480 nm/min, Figure 6a displays
the CdS NPs' absorption spectra. It observed the absorbance is
decrease at long wavelengths Since CdS has a high transmittance
was between 91 and 96% , this indicated to can be employed as
window layer in photovoltaic applications. Figure 6b  The
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synthesis of Selenium/Selenium oxide NPs was confirmed by the
wide band that was observed at the wavelength of 200-400 nm,
where the absorption maximum in this region. This band appears
to be attributed to the electronic transition from the valence to the
conduction band in the Selenium/Selenium oxide-NPs 161, The
Tauc formula (1) was used to determine the direct optical band
gap for CdS and Selenium/Selenium oxide NPs derived from the
optical absorption spectra:
(ahv)"= A(hv — Eg) @
The energy gap is denoted by Eg the optical absorption
coefficient by a, Planck's constant by h, the frequency of light by
v, the proportionality constant by A, and the direct band gap
energy by n = 201 The straight part of the graph (ahv)? versus
(hv) was extrapolated on the energy axis at a.= 0 to determine the
band gap. The graphs displayed a distinct line in the linear fitting
region, which was chosen to be between 2.0 and 3.0 eV for CdS
and 4.0 and 5.0 eV for Se/selenium oxide. Because of the linear
fitting precision, the potential experimental uncertainty in Eg
estimation is £0.05 eV. .Regarding this plot (Figure 7a,b), Figure
7a shows that the CdS nanoparticles' band gap is 2.50 eV 181, This
band gap energy CdS NPs is higher than experimental values
reported by other authors 2.43, 2.46 and 2.36 eV for CdS . In
comparison to the comparable absorption band edge of bulk CdS
(2.42eV) , this energy gap value shows a significant blue-shift
about 0.08 eV ; this shift indicates a quantum size impact in the
produced CdS NPs .In figure 7b, the band gap energy of
selenium/selenium oxide was determined to be 4.49 eV.
Compared to previously reported band gaps 2.1 ,2.5 and 3.1eV,
this band gap energy for selenium/selenium oxide nanoparticles
is greater. The small nanoparticle size achieved in this work, as
shown by XRD, AFM, and SEM, may be connected to these
variations in band gap energy. Additionally, the quantum
confinement effect will cause the band gap to widen when the
particle size is lower than the Bohr excitation radius, resulting in
a blue shift of the band gap energy for selenium/selenium oxide-
NPs in comparison to its bulk counterpart. Therefore, according
to other writers, the band gap energy decreases with increasing
particle size. Thus, based on our observations, it can be said that
the size of the nanoparticles significantly affects the optical
absorption spectra of selenium and selenium oxide nanoparticles,
leading to larger band gaps for small-sized nanoparticles (%22,

The vibrational and functional groups found in the CdS and
Selenium/Selenium oxide system have been studied by recording
the FTIR spectra of CdS and Selenium/Selenium oxide NPs at
room temperature (Figure 8). The strong vibrations at 3439,
1636 for CdS , and 3448, 1640 cm™ for Selenium/Selenium
oxide, due to the adsorbed water molecules on the surface of the
CdS and Selenium/Selenium oxide, which corresponds to the O-
H group. The peak at 1118 cm-1 according to reference ?* due to
vibrational modes of H20. The peaks at 2925,2853 for CdS and
29.27,2859 for Selenium/Selenium oxide have been assigned to
asymmetrical and symmetrical vibrations of CH group,CH2
respectively 23251 The C-N bond band was seen in both plots at
1386 and 1387 cm—1 11924 In both graphs, the stretching of
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carboxyl groups is represented by the values 1464 cm—1 and 1469
cmL, The lower wave number zone, or below 700 cm™, is where
the Cd-S stretching frequency is typically observed 151, A
medium-wide absorption peak around 474-700 cm™ that is
associated with Cd-S stretching has been seen in our CdS
nanoparticles. Selenium NPs with groups Se—O are represented
by the bands at 486-823 cm™ [2627],
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Figure 6: Absorbance spectra of a-CdS and b-Selenium/Selenium oxide
NPs.
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Figure 7: A graph displaying the energy band gap of a-CdS and b-
Selenium/Selenium oxide.

225

Hassan et. al. Passer 8 (Issue 1) (2026) 221-227

— CdS

400 1400 2400 3400 4400

Wavenumber cm-1

Figure 8 : FT-IR spectra of CdS and Se(SexOx-1).

The two crucial metrics used to assess photodetectors are
responsiveness (R) and detectivity (D).  “The ratio of
photocurrent (Iph) to incident optical power (Popt)” has been
calculated as a function of wavelength in order to determine the
responsivity (R) 2829
R = Iph/Pin (A/W) (2)
The wavelength-dependent spectral responsivity (RL) for the
CdS/Si (D1), Se/Si (D2), and Selenium/Selenium oxide/CdS/Si
(D3) heterojunction at 5 V in the 350—-1000 nm range is displayed
in Figure 9a—c. The response spectrum of D1 shows that this
detector has good selectivity for VIS light detection at
wavelengths between 550 and 600 nm and the NIR-region
between 850 and 900 nm. For D1(CdS/Si), the maximum
photoresponsivity peaked at approximately 550 and 900 nm, at
0.34 A/W and 0.50 A/W, respectively. Since CdS is a window for
visible light, the optoelectronic properties showed that CdS/Si
had strong responsivity in the visible and near-infrared bands
because of the short circuit formed by the Si substrate. The CdS
energy band gap of 2.25 eV was in agreement with the cutoff at
550 nm 2830 Because of the absorption edge of Si, the
responsivity increased at 850 after decreasing at higher
wavelengths due to increased surface recombination and
decreased penetrating light. The response spectra of example D2
shows that there is a single, distinct peak at 850 nm %32, This
shows that the photodetector only reacts to near-infrared light
with a wavelength of about 850 nm. 0.89 A/W is its maximal
photoresponsivity. Because of parasitic light absorption in
Se(SexOx-1) through band-to-band absorption, it seldom reacts
to UV and VIS light. Due to the absorbance edges of selenium,
selenium oxide/CdS hetero-junction, CdS/Si heterojunction, and
Si substrate, case D3 (Se/CdS/Si heterojunction) showed three
peaks at 450, 600, and 850 nm. The responsivity was 0.07 A/W,
0.23 A/W, and 0.84 A/W, respectively.
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Figure 9: Responsivity of as a function of wavelength for three
Photodetectors synthesized :(a) CdS/Si , (b) Se/Si , and (c)
Selenium/Selenium oxide/CdS/Si .

When comparing the results CdS/Si and Selenium-selinum
oxide/Si with previous studies by researchers (, R Aljarrah
2019,Raid A. Ismaila et al 2018 and Ahmed N.Abd et al.2016)
and (Alharbi, S.R.N et al al.2023) 133361  we found that they
reached the highest value for spectral response 0.08,0.28 , 0.6 and
0.54 AW Also while in our results we reached the highest
response in range 0.84-0.89 AW lWhen CdS and
selenium/selenium oxide were mixed in the same system, the
resulting combination's optical and electrical properties were
improved by improving carrier transport, lowering losses at the
layer interface, and increasing light absorption. Consequently,
we were able to acquire a spectral response that was higher than
what other researchers had managed to produce.

The specific detectivity D* of devices fabricated (D1,D2 and D3)
was calculated from the eq.3

_ R(AfS)O'S

D» V2ql1d

@)

Where I,,isc = (+/2qlId ), R ,f,S ,Id are responsivity , width of
band, the detector sensitive area and dark current respectively.
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The detectivity for the produced CdS/Si, Se(SeOx-1)/Si, and
Selenium/Selenium oxide/CdS/Si photodetectors is shown as a
function of wavelength in Figure 10a-c. The figure makes it
evident Responsivity has a direct impact on detectivity. The
highest D* measured was 1.10 x 10*%Jones. 1.28 x 10'Jones for
D1 at wavelengths of 550 nm and 900 nm respectively. The
detectivity for D2 was 2.26x 10%! Jones at 850 nm. Lastly, the
detectivity in  the  Selenium/Selenium  Oxide/CdS/Si
Photodetector was 0.19 x 10%° , 0.60 x 10%° and 2.14x 10! Jones
at 450, 600, and 850 nm respectively. In comparison to those
common silicon-base transparent conductive oxides, the
spectrum detectivity value is low. This could be because of two
factors: (i) may be a strong lattice mismatch between Se(SexOx-
1) with CdS and Si, which creates trap charges at recombination
sites; and (ii) high resistivity, which contributes to high series
resistance.
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Figure 10: Detectivity for three Photodetectors synthesized: :(a) CdS/Si,
(b) Se/Si, and (c) Selenium/Selenium oxide/CdS/Si.

Conclusion

We succeeded in preparing of CdS and selenium /selenium oxide
nanoparticles by laser ablation and studying their properties. The
results were good for making photodetectors that work in specific
regions of the electromagnetic spectrum. The detectors D2 and
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D3 achieved the highest detection at the wavelength between
850-900 nanometers, reaching 2.14-2.26*10"*Jones. These
results indicate the possibility of using the prepared materials in
photodetectors, sensors, and solar cells.

Future Recommendations

Structural defects, such as material mismatches or potentially thin
layers, could be the cause of the D3 Se(SexOx-1)/CdS/Si's
decreased responsivity and specific.
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