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https://doi.org/10.18280/rcma.350308 ABSTRACT

An easy and applicable technique used to fabricate the nanoparticles of cadmium sulfide
(CdS) via the thermal evaporation by annealing the samples at temperature 200°C for one
and two hours at thicknesses (50, 75, and 100) nm. The CdS nanoparticles are
synthesized, and the wide uses in solar cells are discussed. Their average roughness and
the square of mean root were studied by (AFM). The optical characteristic deals with
observe the absorbance spectra using a UV-Visible spectrophotometer. By the change of
thickness and decrease of the refractive index with increasing thickness, while the
absorbance increased, could show the significantly effect of the optical properties. At the
range of (200-1100 nm) Transmission data were analyzed. whereas decreased from (3.50
to 3.35 nm) the optical band gap. The energy gap with high values refer to the
quantization effect. The absorption coefficient, the extinction coefficient increased with
increasing thickness. The method of Z-scan applied for calculate the optics in nonlinear.
An investigation used a diode pump solid state laser with varying laser powers (56, 70,
84, and 102) mW at a wavelength of 457 nm. For all produced samples, the results
demonstrated that while the nonlinear absorption coefficient decreased as powers
increased, the nonlinear refractive index increased. Comparing SnS nanofilms doped with
various amounts of CdS nanomaterials, the latter have demonstrated superior nonlinear
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characteristics and optical limiting. Compared to the results of AFM and UV.

1. INTRODUCTION

The technique used in Nanotechnology is a cutting-edge
technology which is come to be the first of the developing a
wide applicable approach, attracting global notation and
enhancing an important part in medical applications.
Specifically, a nanoscale particle of semiconductor, when the
blue line shifts with reducing particle diameter in the UV-Vis
absorption  high levels, becomes noticeable and
comprehensible from the effect of size quantization [1]. A
well-known band gap in direct position of SnSin normal
situations about 2.4 eV [2-4]. Investigation throws the [I-VI
chalcogenide type of semiconductors has led a worldwide use,
which is why it may produce nanostructured films for
producing cutting-edge optoelectronic devices. CdS is
classified as one of the most effective components of this
family [5]. The devices such as Solar cells and photovoltaic
cells, may in direct way convert solar energy into electricity
[6]. For the purpose, the suitable energy gap of SnS can be
more benefit with modifying the energy band gap [3, 7].

Despite that, it has a wide, flexible beginning for the
absorption that occurred on optical, which agrees with the
ideal band gap (Eg) with (1.1-1.5) eV, which may requisite in
high-level efficiency corresponding with the Shokley-
Queisser limit [8]. The element in transition position such as
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Cadimium, showing perfect conductivity in electricity; it also
enhances a fine resistance for oxidation. CdS Quantum Dots
were introduced by the CdS material which exists as
crystalline shape at colloidal fluorescent semiconducting.
Nevertheless, the nanoparticles of CdS, Quantum Dots may
well-known between described materials, because of
superstitious electrical or optical characteristics, for future use
at various fields like the bio-sensing, bio-imaging methods,
solar cells, nano- medical applications, drug delivery, and
molecular pathology [9].

The varied types of CdS Nanoparticles (NPs) by using
several procedures were synthesized, including chemical,
physical, and biological techniques [10]. For minimum
clusters in case of a duplicated crystals in CdS, corresponding
to UV-vis absorption and particle diameter, were attributed to
the CdS nanoparticles molecular crystals that already
mentioned. Latterly, excellent well-arranged colloidal films or
crystals roughly as monodisperse CdSe NPs with diameters
among (15-100) A, that has agreed with the finding of
Bawendi and the others [11].

An applicable p-type SnS semiconductor with electronic
properties for photovoltaic characterizations exists in the
noticeable range of the solar spectra. It has a high optical
absorption coefficient (o) between (10%-103 cm™) [12]. It can
be used in various applications, such as light-emitting diodes
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[13], logic circuits [5], and solar cells [8].

Recent publications reported the thermal evaporation
synthesis in this study applied to fabricate the Nano films of
CdS. Herein, the attention is concentrated the development of
CdS multicrystalline Nano films by measuring on thermal
evaporation which that, changes with the change of optical and
structural  properties. the UV-VIS model of the
spectrophotometer was applied to the samples for synthesis.
The optical spectrum is focused on calculating constants in
optics, for example, the optical band gap, extinction
coefficient, and refractive index. Most previous publications
focused on producing CdS thin films with various procedures,
like a chemical bath deposition (CBD) [14], spray pyrolysis
method [15], electron beam vacuum evaporation [16], thermal
evaporation [17], molecular beam epitaxy [18], liquid-phase
deposition [19], pulsed laser deposition [20], and close space
vapor transport (CSVT) [21]. That is why, SnS annealing has
recently attracted good attention for changing their physical
characteristic [22]. p-SnS widely enhanced in solar sell uses,
such as an absorber substantial which involves a wide bandgap
for the n-type semiconductor, for example, CdS, like a
heterojunction accomplice. Most previous publications
focused on that, the SnS absorber layer and Production of the
open material of CdS, resulting in a difference between the
CdS/SnS hetero-constructions produced a long time ago. A
well-known efficiency in which the SnS/CdS nanofilm
photovoltaic cells (TFSCs) about (1.3%) by Reddy et al. [23].
For synthesize the n-CdS/p-SnS heterojunction photovoltaic
cell, a reverse contact electrode called molybdenum was
sputtered on the p-SnS layer by the evaporation method
(Edward C-306) as the rang of power about (50) W in time 10
min [24]. Due to a hassle-free and organized synthesis. While
enhanced in this work various method which deals with
producing CdS nano films via a thermal evaporation method.

2. EXPERIMENTAL SECTION
2.1 Preparation method of cadmium sulfide

The substrates made from glass or silicon were washed with
clean water and ethanol to reduce surface contamination, then
made it dry completely, and the material was then situated in
a warm vanishing framework in a Molybdenum boat modified
as (Edward C-306). Covered the chamber firmly and the
vacuum over (1 x 107 mbar).the applications of thermal
evaporator such as an electric resistance heater for to dissolve
the material and increases vapor pressure enhancing a good
properties, having been emptied of air, which could let the
vapor to spread the substrate wanting reacting or scattering on
the atoms such as the gas-phase inside chamber, also may
avoid the absorption of impurities which caused by the
remaining gas in the vacuum [25]. A weight of 0.06 g of CdS
(90%) and SnS (10%) in a molybdenum boat was used to
evaporate the powders. The prepared substrate was annealed
for 2 hours at 200°C.

The substrate thickness measured by applying two different
methods, one by measuring the optical characteristic of the
nano substrate applies the reflectance technique, whereas
others used the weight equation as reported in the following

Eq. (1) [26]:

t = m/(2mpR?) (1)
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The film thickness (t) in nm, also (m) the material mass that
evaporated in grams, ( p) material density as (g/cm?), the
substrate and boat distance approximately about (15 cm),
which is presented as (R). It was noticed that its approximately
(50, 75, and 100) nm. By UV-Visible Spectrophotometer
about (300-1100) nm, the optical properties have been
examined.

2.2 Results and discussion

By deposition the CdS nano films exhibited the morphology
of the surface of the samples synthesized by a thermal
evaporation technique, as reduce the pressure to (1x1077)
mbar with percentage deposition equal to (0.3) nm/sec with
various thickness was examined by AFM. The image surface
in two- and three-dimension AFM, with granular distribution,
and grain histogram thin films. The results of Figures 1-3
display an identical granular surface morphology. It can be
observed from the figures that, increasing in both roughness as
(1.35 nm to1.77 nm), also the square of mean root (1.72 - 2.26)
nm as shown in Table 1. That show the results that agree with
other researches [27]. The force among the atoms from the tip
to the sample can be focused by atomic force microscopy that
positioned between (0.1-100) nm [28].

From a plane of view images, may calculate the average
grain diameter, which increased as of (305.7 - 310.2) nm for
the prepared films. The ten-point height represent the surface
morphology on the thin film, which refer to the height of ten
points measured by AFM device. Which is in accordance with
the findings of researches [28, 29]. They increase from (8.23
to 11.1) nm as in part (a)and (b) from the Figures 1-3 where (a)
represents a picture in three dimensions and the highest level
was a peak with a rate of (2.29-2.23) nm for the surfaces of
these membranes, (b) represents a picture in two dimensions.
Due to this results which includes the results refer to extremely
noble caused a surface agglomeration, that appeared like
singular grains. A grain height of small tens in nanometers was
exposed by this tilted image, it’s presented by Table 1.
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Figure 1. The AFM pictures of CdS:SnS thin film at Figure 2. The AFM pictures of CdS:SnS nano film at
thickness 50 nm, where (a) 3-D, (b) 2-D, (c) the whole thickness 75 nm, (a) 3-D, (b) 2-D, (c) the whole particles
numbers of particles, and (d) Grain Histogram numbers, and (d) Grain Histogram
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Figure 3. The images of atomic force microscopy for
CdS:SnS thin film at thickness 100 nm, where (a) 3-D, (b) 2-
D, (c) the whole numbers of particles, and (d) Grain
Histogram

Table 1. Morphological properties for CdS:SnS nanofilms at
different thickness and a temperature of 200°C for 2 h

Average Root Ten Average
Type of Roughness Mean Point Diameter
Films Sa (nm) Square Height (nm)
Sq (nm) Sz (hm)
CdS doping
with SnS at 1.35 172 8.23 305.7
a thickness
of 50 nm
CdS doping
withSnSat — 5o 00104  3.74 305.4
a thickness
of 75 nm
CdS doped
by SnS at
thickness 1.77 2.26 11.1 310.2
100 nm

3. THE LINEAR-OPTICAL PROPERTIES
3.1 The absorbance

After doping with SnS, it is shown that the absorbance is
increasing after annealing temperature because of the increase
in the material crystallization and decrease defects crystalline
[29]. Noticed that shifting in absorption maxima to shorter
wavelengths by decreasing particle diameter as result of the
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confinement increases for the photo produced charge carriers
in tiny atoms. As well as, by decreases in size, the absorption
spectra increased the constructed as the size decreased due to
the changes in structure of the electronic band represented the
molecular stages with indissoluble energy spacing. Figure 4
represents the correlation between the absorbance and the
wavelength. As shown in Figure 4, absorbance increases as the
thickness increase, which is corresponding to the number of
particles may increase, also the number of collisions between
the incident photons with the particles.
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Figure 4. The spectra absorbance that varied with
wavelength for CdS:SnS nanofilms with different thickness

3.2 The absorption coefficient (a)

The optical absorption coefficient represented by Figure 5
displays in relation to wavelength for the CdS:SnS film. To
study the absorption coefficient spectra could represent the
energy gap (Eg) among the valence band and the conduction
band caused by a transition, which are divided into direct and
indirect on both amorphous and crystalline components. It was
observed that all the synthesized films have a great absorption
coefficient (a >10%cm™), which denotes the increasing in the
rate probability of a allowed transitions. This Character
illustrates the absorption coefficient of the films increasing
rapidly as the thickness increases.

= CdS: 35 at thickness 50 nm
—Cd5: 3n5 at thickness 75 nm
7| =——CdS: Sn§ at thickness 100nm

25 4
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Figure 5. A scheme of absorption coefficient (o) relative to
the energy of photon (hv) of CdS:SnS at various thicknesses

3.3 The optical energy gap (EQ)

The CdS:SnS nano films optical energy gap is determined
by using the Eq. (2) [30]:

ahv= B (hv — E4°"' £Eph)" )



By significant the band parameter of the variable for the
above equation, in which B represent a band tailing, n
represent the parameter in which specifies the optical
transition type for an investigated material, the indirect
forbidden transitions (n = 3) while the direct allowed
transitions (n=2). (ahv)? scheme with the energy of incident
photon (hv) shows a CdS:SnS substrate with type in direct
transition as a semiconductor to nano films demonstrated in
Figure 6. After annealing for two hours with various
thicknesses of CdS doping with SnS for the prepared films are
illustrated in Figure 6. the decrease in energy gap
corresponding to this figure range (3.5 to 3.3 eV) is enhanced
in Table 2. decreases in the energy gap refers to CdS nanofilm
after doping with SnS and various thicknesses. This decrease
in the energy gap could correspond to impurities that are not
allowed from a result of production of secondary sites stages
located in the energy gap that are near the conduction band.
Thus, that may soak up and absorb photons of small energy.
These results agreed with the same behavior in the literature
[31].
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Figure 6. The scheme of (ahv)? relative to Photon Energy
(hv) for CdS:SnS with different Thicknesses

Table 2. CdS:SnS optical energy gap of nanofilms with
different thicknesses

Films Type Optical Energy Gap (eV)
CdS doping with SnS at a 350
thickness of 50 nm '
CdS doping with SnS at a 3.35
thickness of 75 nm ’
CdS doping with SnS at a 330

thickness of 100 nm

To get the linear absorption coefficient (o), the following
formula was utilized:

€)

The transmittance represented as (T), and (t) is thickness
while (no) refer to refractive index, which may be determined
using the formula below from the film's transmittance
spectrum [32]:

“4)

The proportion of light that travels through the solution is
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known as transmittance. Therefore, the solution is considered
to have 50% transmittance if half of the light is transferred [27].

T%

(%) X 100% (5)

where, (1) intensity of light produced by the solvent and (lo)
intensity of the incoming beam of the light. The following
formula represents the connection among transmittance (T)
and absorbance (A) [33]:

A = log10 (%) (6)

Utilize the following formula to get a refractive coefficient
in nonlinear form by applies a normalized transmittance's
peak-up to-dell variation [34]:

Ao,
IoLosrk

n,

(7

where, k = 2n/A, (k) is wave number, (l,) represents the
intensity at the focal point and (A®,) represented by shift the
nonlinear phase.

To determine a nonlinear absorption coefficient (B) quickly,
use the following Eq. (8) [35]:

g = 2V2 T(z)

®)
IoLesr

where, T(z): The focus point's minimum normalized
transmittance value at (Z = 0).

4. Z-SCAN MEASUREMENTS

Z-Scan measurements were made in two parts: (open-closed)
aperture. Every component was fabricated utilizing the
constant wave (CW) pumped by diode solid state blue laser
operative with wavelength (457) nm, the power (75) mW. For
nonlinear refractive index was determined using a closed-
aperture Z-Scan, whereas by using an open-aperture Z-Scan,
for nonlinear absorption coefficient was determined. Using a
convex lens, the beam was focused at (f=15) cm.

For focusing the beam of a leaser used convex lens applied
to a sample and the beam waist was determined to be (0.025)
cm at the focus, and the sample was transferring around the Z-
axis. A sample transmittance used for function of sample
location is measured. A technique shows symmetrized for
fundamental and forward method for scan the refraction -
absorption nonlinear. Appling single beam method is achieved
by Gaussian beam that pass through the procedure of the
sample motivated by the significant area. Via the Kerr scale
the disturbance wavefront produce the self-focusing which
lead to nonlinearity, the power passage a small crack.

For field far with differs which related to a sample location.
Power production calculated according to the sample location,
method deals with the (closed-open) cracks, as represented by
Figure 7 [36].

4.1 Nonlinear refractive index of CdS

Figure 8(a) presents a Z-scan closed-aperture results in CdS



thin films with varying thicknesses (50, 75, and 100 nm). The
nonlinear optical response is observed within the range of (-2
-+2) mm around the central point. The transmittance profile
exhibits a characteristic peak-valley configuration, which
showed the refractive index as a negative nonlinear (nz < 0),
enhanced of self-defocusing behavior of examined films,
which was summarized by Table 3. This nonlinear response

Laser

4

Varia/ble
Attenuator

Beam Splitter

contrasts with the linear regime, where the transmittance
remains constant with sample displacement. However, under
high-intensity  illumination, the nonlinear refractive
contribution becomes prominent, altering the beam
propagation and confirming with third-order optical
nonlinearity for CdS nanofilms, this agrees with the finding of
researchers [37].
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Figure 7. Closed and open-aperture (Z-Scan) [32]
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(b) Open-aperture Z-Scan information as thin films of CdS doped with SnS

Figure 8. The information for Z-Scan (Closed-open) method due to nanofilms for CdS doped by SnS
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4.2 Nonlinear absorption coefficient of CdS

Open-aperture Z-scan results stayed performed in the
incident laser power of 70 mW for enhance a nonlinear optical
characteristic of CdS nano films for various thicknesses (50,
75, and 100) nm were displayed in Figure 8. According to
Figure 8(b), the transmittance curves exhibit a characteristic
behavior associated with two-photon absorption (TPA). The
transmittance increases gradually when the methods of sample
with focal point (Z = 0 mm), then decreases to a minimum
value (T _min), followed by a rise beyond the focal region.
This trend clearly indicates the presence of nonlinear
absorption near the beam waist. In regions far from the focal
point (£Z), the transmittance remains essentially constant,

reflecting linear optical behavior where the material response
is independent of the light intensity. However, as the beam
intensity increases near the focus, nonlinear effects become
significant, leading to a measurable deviation from the linear
regime, consistent with third-order nonlinearity in the CdS
substrate. A nonlinear absorption coefficient (B) was
computed by Eq. (6), and for nonlinear phase shift (¢p) was
derived from Eq. (5), as presented in Figure 8(b) and Table 3.
The results reveal that increasing the film thickness enhances
the nonlinear optical response, indicating a sturdy connection
between the nanostructured films morphology and their light—
matter interaction under high-intensity illumination this agree
with references [37].

Table 3. The non-linear phase at Open-aperture Z-Scan information to nano films in CdS doped with SnS

Material _Thickness (hnm) ATp-v__nz (cm?’mW) T(z) B (cm/mW)
50 0.30 1.44x107 0.82  2.68x103

Cds:snS 75 0.37 1.48x107 0.80 2.34x103
100 0.43 1.70x107 0.78  2.27x10°

Overall, these findings highlight the distinct contrast
between the linear behavior of CdS films under low-intensity
conditions and their pronounced nonlinear response near the
focal point. This duality underscores the potential of CdS
nanofilms to enhanced as nonlinear photonics with optical
switching devices.

Z-scan behavior described as the figures, show beam
strength of a transmittance changed and remained unceasing
as the sample pass through from the focus. Rise in thickness
becomes toward linear behavior for a sample position far field
(+z). immediately, two-photon absorption seen when sample
crossing the beam waist, will produce the intensity shifted.
Which has agreement with findings of Jabbar et al. [12].

5. CONCLUSIONS

In CdS, different thicknesses of Nano films have been
prepared. The goal of this work is based on a synthesis of
CdS:SnS nanofilms, as shown by AFM data, which confirms
that the surface smoothness was homogenous, whereas
without affecting any cracks, it enhanced very essential for
efficient charge transfer. Exposed, increasing the absorbance
as the thickness of CdS increases. Makes the films more
suitable for solar cell fabrication. The energy band gap (Ey)
and all the coefficients have increased for the prepared films.
For non-linear optical properties of CdS:SnS nanofilms, the
findings show that the absorbance rose for the same
wavelength as the thicknesses increased. The absorption non-
linear factor and the refraction non-linear index for CdS:SnS
nanofilms, it measured by the Z-Scan method, has widely
sensitive technique, showed that the nonlinear refractive index
rose as powers increased for all generated samples, whereas
the nonlinear absorption coefficient declined. Compared to
pure CdS, CdS:SnS nanofilms have shown better optical
limiting and nonlinear properties. Two assumptions are
exposed: one assumes refers to the unique characterization of
a Nano film, where it is revealed according to their thickness,
whereas the second shows that by applying the method of
thermal evaporation exhibit strong interfacial properties to
produce the CdS Nano films. The findings suggest that
CdS:SnS nanofilms are very proper to producing of
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photovoltaic cells like a solar concentrator for enhancing it
performance via promoting widely space for solar spectrum to
cell to produce electricity. Reviewing the nonlinear optical
characterization for these materials by applying a different
wavelengths laser.
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