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Abstract
The solvothermal technique is utilized to deposit the nanoparticles into nano-thin films. Where Vanadium dioxide (20%) was 
mixed with (4%) of SiC, then added to CdO with (75%) to fabricated nanocomposites. PLD technique used Nd: YAG laser 
with a different energy to deposit nano-thin films on p-Si substrate to get [CdO(75%)∕VO(20%)∕SiC(4%) ∶ p − Si] . Scanning 
electron microscope (SEM) revealed the expected behavior of grain formation, with granules evenly dispersed across the 
film surfaces of CdO, VO2, and SiC at particular places. In the presence of increased laser energy, the particle size decreases 
from 61 to 52 nm recognized. Elemental abundances of Cd, V, Si, C, O, and Mg were determined by energy dispersive X-ray 
analysis (EDX) to be relatively high. XRD revealed a polycrystalline structure with discriminatory orientations in planes 
(100) and (101); the peaks of SiC at (111) and (220) appeared at angles (2θ = 34.1°, and 60°), respectively. The diffraction 
angle (2θ = 34.1°) was observed for Mg at level (111). By increasing laser pulsing, the optical absorption of the prepared 
composite increases from 310 nm of S1 to 330 nm of S2 and displays blue, and the band gap energies are reduced from 2.7 
eV of S1 to 2.5 eV of S2. According to the current–voltage heterojunction characteristics, the forward bias current changes 
rapidly with applied voltage in the dark, consistent with the tunneling-recombination model. The I-V characteristics curve 
presented the efficiency of synthesizing nanocomposite thin film in a solar cell is η = 11 with FF = 0.48 under illumination.
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1  Introduction

Nanoparticles (NPs) have a large surface-to-volume ratio, 
making them useful in physics, chemistry, engineering, and 
biology [1, 2]. Nanomaterials can be classified as 0D, 2D, 
and 3D, depending on their dimensions. As nanoparticles 
are either crystalline or amorphous, they are composed 
of both phases. There are numerous different shapes for 

nanomaterials, including cubes, fibers, films, wires, and 
plates [3–8]. Nanoparticles are produced through chemi-
cal and physical methods, according to procedure grinding, 
lithography, ion ejection, and laser ablation [9, 10]. Alter-
natively, chemical methods include sol–gel, thermal decom-
position, salt reduction, reverse micelles, hydrothermal, and 
co-precipitation [11, 12]. Several researchers have reported 
that transition metal oxides can be synthesized as nanoparti-
cles, and their properties are characterized and applied [13]. 
Because of their simple crystal structures, significant carrier 
mobility, and sometimes near-metallic conductivities [14], 
CdO-based transparent conductive oxides are noteworthy. 
CdO, an n-type semiconductor in bulk form, has a high 
direct band gap of 2.27 eV and a tiny indirect band gap of 
0.55 eV. Cadmium and oxygen vacancies determine the band 
gap to a large extent, depending on the synthesis procedures 
[15]. According to the Refractive index, cadmium oxide has 
a remarkable value (n = 2.49), which makes it an attractive 
substrate for optoelectronics applications. The solvothermal 
technique employs CdO crystals that can be synthesized 

 *	 Ehssan Al‑Bermany 
	 ehssan@uobabylon.edu.iq

1	 General Directorate of Education in Babel Governorate, 
Babil, Iraq

2	 Laser Physics Department, College of Science for Women, 
University of Babylon, Babil, Iraq

3	 Department of Physics, College of Education for Pure 
Science, University of Babylon, Babil, Iraq

4	 Medical Physics Department, College of Sciences, 
Al-Mustaqbal University, 51001 Babil, Iraq



	 Silicon

directly from solutions. Different synthesis conditions result 
in crystals of varying shapes, sizes, and structures [16].

A semiconductor–metal phase transition (SMPT) has 
been observed in vanadium dioxide VO2 at ambient tem-
perature. A range of polymorphic structures are particu-
larly suitable for various applications. A first-order revers-
ible metal–insulator transition occurs at Tc 68° C (341° K). 
Consequently, this material can be used as a thermos Ensor, 
a thermo-switch, an optical switcher, shutters, IR sensors, 
thermochromic coatings, and so on [17, 18]. An example 
of a device that may convert solar radiation into heat and 
transfer that heat to the working fluid through its surface is 
called a solar receptor. The materials used for fabrication 
must be capable of withstanding high levels of radiative flow 
and mechanical stress for many hours without breaking. Its 
characteristics are high absorbance, surface area, porosity, 
fusion point, and thermomechanical characteristics at high 
temperatures [19].

The use of SiC in solar receivers in central tower plants 
has excellent advantages, which contribute to the efficiency 
of the production of electrical energy [20, 21]. SiC exhibits 
a considerable amount of polymorphism, which impacts its 
mechanical properties, with a more extensive Young mod-
ule than β-SiC (347 to 314 GPa) [20]. Solvent-based syn-
thesis creates a wide range of materials, from metal oxides 
and semiconductors to ceramics and polymers. The method 
involves the application of a solvent at temperatures between 
100 and 1000 degrees Celsius and pressures between 1 and 
10 atmospheres. Allows more accessible precursor contact 
during the synthesis. Hydrothermal synthesis occurs when 
water is utilized as a solvent, commonly carried out at tem-
peratures lower than the 374°C supercritical point of water. 
In this process, thin films, bulk powders, single crystals, and 
nanocrystals are all possible. A controlled crystal structure 
can be achieved by manipulating the solvent supersaturation, 

the chemical concentration, and the kinetics. Other methods 
cannot efficiently synthesize novel materials. Over 80% of 
the literature on solvothermal synthesis has been reported 
to focus on nanocrystal synthesis [22]. Due to this, a review 
examines recent advances in solvothermal synthesis, par-
ticularly nanocrystalline synthesis [23]. Utilizing the PLD 
technique, high-quality structures can be made from a wide 
variety of materials in an uncomplicated, quick, and inex-
pensive manner. Despite its limitations regarding the surface 
area covered, PLD is still gaining interest among research-
ers. High adherence of the deposited structures to the sub-
strate and stoichiometric transfer of the target composition 
are further benefits. Besides the coating's phase, crystallinity 
and thickness were managed by adjusting the coating's mor-
phology and chemical composition. There were also lower 
porosities and decreased cracking or delamination of the 
deposited structures [24]. It has been seen that chlorophyll 
is a natural green pigment that is crucial to human nutrition. 
Green vegetables need a high amount of chlorophyll due to 
their biological function.

Building using PLD is easy, fast, and cheap, allowing 
for the construction of high-quality structures from vari-
ous materials. Chlorophyll displays antioxidant properties 
as well as antimutagenic and anticarcinogenic properties. 
Thus, chlorophyll and its derivatives have been the subject 
of studies focused on cancer prevention. The only organic 
semiconductors are chlorophylls from a precursor resource 
such as spinach or spirulina that are transferred to a solid-
state device. Due to its photovoltaic properties, it is likely 
the shortest and lightest optoelectronic device of our time. 
As shown in Fig. 1, chlorophyll dye solar cells are com-
monly assembled in laboratories. The photosynthetic pro-
cess produces a hole-electron pair in thin film devices (a) 
and (b). Chlorophylls are usually electron donors, although 
exceptions are possible, for enhancing the transport of 

Fig. 1   Photovoltaic device schematic featuring (a) a planar heterojunction (PHJ) thin-film cell, (b) a bulk heterojunction (BHJ) thin-film cell, 
and (c) a dye-sensitized solar cell (DSSC) [29]
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newly produced pigment molecules into sensitive materi-
als for photosynthetic complexes [25]; through the process 
of photoionization, electrons acquire significant amounts of 
energy when light stimulates chlorophyll molecules, ena-
bling them to break free from the chlorophyll and resulting 
in a positive charge for the chlorophyll. When some high-
energy electrons return to the chlorophyll, the extra energy 
is rapidly released as heat or light, causing chlorophyll to 
appear fluorescent [26, 27]. Molecular pairs of donors and 
acceptors, such as p-type and n-type semiconductors, were 
created. Another organic semiconductor (acceptor) forms the 
second component of this junction [28, 29]. This research's 
main novelty is connecting the materials with dye as thin 
films with interstitial fluid (Extract Dye) deposited on Si-
Wafer. In addition to fabricating new nanocomposites-thin 
films from Vanadium dioxide (20%) were mixed with (4%) 
of SiC, then added to CdO with (75%) using the PLD tech-
nique used Nd: YAG laser and the solvothermal technique 
for the first time.

2 � Experimental Details

2.1 � Preparation of Plant Samples for Methanol 
Extraction

Dactylon Cynodon is a prostrate, creeping plant with a 
stoloniferous root system and a rhizomatous root system. 
The leaves are grey-green, about 2 to 15 cm long, and 0.5 
to 1 mm wide [19]. The Iraqi flora and taxonomic litera-
ture were used to choose plants from October to December 
2017 in Hillah City. After gathering leaves, they were taken 
indoors, washed with running water to remove debris or 
bugs, chopped up, or shade-dried before being pulverized 
into a powder. Twenty grams of the ground-up leaf were 
given 24 h to absorb the methanol (MeOH) in a Soxhlet 
extractor. The chlorophyll extract dye was a dark green color 

and 300 mg/ml concentration after the solvent was filtered 
out and evaporated in an oven set to (50°C).

2.2 � Sample Preparation

Sigma-Aldrich provided the following materials for the 
unprocessed synthesis of the nanostructures under investi-
gation. [CdO(75%)∕VO2(20%)∕SiC(4%)] Nanostructures were 
formed on p-type silicon substrates utilizing a low-temper-
ature aqueous chemical growth approach. For Step One, 
the substrates were sonicated for 20 min in an ultrasonic 
cleaner bath containing methanol, followed by an acetone 
wash and hydrogen gas drying. Chlorophyll dye was depos-
ited on these substrates using the Spin-coater technique. This 
procedure was performed twice at 3000 rpm for 20 s, and 
the samples were annealed at around 90°C for 20 min. The 
next step is to dissolve 2 g of KOH in 10 ml of water, mixed 
with 0.5 g of SiC, grain size around 30–40 nm, and transfer 
to a 30 ml glass baker under continuous magnetic stirring. 
Next, prepare a stirred solution of 4 g of CdO dispersed in 
15 g of water and 1.5 g of VO2 dispersed in 10 g of water. 
Lastly, all the solutions were mixed and injected into the 
autoclave for 24 h at a temperature of 180 °C. To boost the 
encouraging oxides mixed with them, a piece of high-carbon 
steel was submerged into the Teflon Jar of the autoclave, as 
shown in Fig. 2. Once the autoclave has been switched off, 
it should be allowed to cool down to room temperature. In 
the following step, the product was extracted and washed 
with diluted water with ethanol, then dried at 60 °C for 24 
h. Figure 3 depicts the process by which the powder and col-
loids were extracted from the resulting brown emulsion by 
filtering it through the aperture in a vacuum of 10–1 bar. Sub-
sequently, the product required five rounds of washing, each 
with solutions of ethanol and water separately. After cen-
trifugation, the suspension was dried and placed in an oven 
for two hours at around 100 °C. One hour of preheating at 
80°C was performed on samples to produce nanostructures. 

Fig. 2   Solvothermal system 
employed in the research
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A room-temperature air-drying process was then carried out 
on the pieces.

2.2.1 � Laser Process

The Nd: YAG Laser system (MED-810, KES Biology Tech-
nology Co. Ltd.) with 1064 nm wavelength. A laser pulse 
energy of 80 mJ and a pulse duration of 10 ns was required 
to ensure a high-quality factor. Depending on the number 
of pulses 100 and 200 to deposit on the substrate of the 
p-silicon wafer. The deposited system is compact and con-
trols key parameters by computer, such as the power and rep-
etition rate. The PLD system has three major components: 
the vacuum chamber, pumps, and gauges. The PLD system 
prepared thin films at nanoscales. The set-up includes sev-
eral parts, like a vacuum chamber, lens with a focal length 
of 30 cm, quartz window, Q-switching Nd: YAG laser, and 
the rotary pump, diffusion pump, Argon cylinder, and pres-
sure monitor. The resulting research samples will be: S1 is 
[CdO(75%)∕VO2(20%)∕SiC(4%) ∶ p − Si] under 80mJ and 100 
pulses, whereas S2 is within the same energy at 200 pulses.

3 � Instruments

An optical interferometer is used as a tool for measuring thin 
film thickness. This technique uses interference fringes of a 
He: Ne laser (632.8 nm) operated at low power. The obser-
vation of the laser beam reflected by the thin film and the 
substrate away from their surfaces. Calculating the thickness 
using the formula in Eq. 1 [28] is possible.

In this equation, t represents the predicted thickness, y 
is the width and wavelength of the dark fringe, and x is the 
light fringe's width. Thin film samples S1 and S2 had calcu-
lated 308 nm and 280 nm thicknesses, respectively.

4 � Results and Discussion

Different ions from the same precursor source affect the 
morphology of metal oxide nanostructures. As shown in 
Fig.  4, [CdO(75%)∕VO2(20%)∕SiC(4%) ∶ p − Si] nanostruc-
tures with nano-porous morphology formed on p-type sili-
con substrate display characteristic SEM images. Porous 
semicircular nanostructures have been effectively created 
in composites containing Cd, Mg, and K ions. Under heat 
and pressure, silicon carbide has a thermodynamic instabil-
ity, and dehydration occurs, which is why SiC is an oxy-
gen reducer. During the study of the effect of KOH on the 
Inner overlay of  [CdO(75%)∕VO2(20%)∕SiC(4%)] nanostruc-
tures, it was found that the general reaction of the solutions 
was towards vanadium oxide. Since the solvent medium is 
alcohol diluted with Distilled Water, several compounds 
were observed, such as Hydrous Potassium Hypo-Vanadate 
( K2V4O9 ), Vanadium Oxysulfate VOSO4 and Dipotassium 
Sulfate K2SO4 . An excess of ten percent solution of caustic 
potash is added to a boiling solution of Vanadyl Salt without 
air. As in a chemical reaction, the result is cooled without 
air:

(1)t =
y

x
×
�

2

Fig. 3   Diagram of Laboratory Filtration System

Fig. 4   SEM Images (a) S1 and 
(b) S2 samples
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Potassium Vanadinite ( K2V4O9 ) is a brown, pearly, glis-
tening mass similar to ammonium salt [30]. In the form of 
amorphous powder, vanadium oxides V2O4 or VO2 are 
shown as a dark green. Vanadyl salts are insoluble in water but 
soluble in sodium hydroxides, potassium hydroxides, and acids 
formed by vanadyl salts. A darkish brown crystal is formed 
from potassium hypo vanadate, which is soluble in water but 
almost insoluble in alcohol. Therefore, the output precipita-
tion product is darkish brown or black [31]. In this instance, 
a network of nanoparticles was created, as shown in Fig. 4.

During sintering, nano-inclusions are effective in resist-
ing grain growth. Reducing grain sizes also decreases ther-
mal conductivity because of increased scattering at grain 
boundaries. From S1 to S2, the grain size decreases from 
62 to 52 nm, as shown in Fig. 4b. The nanoparticle compos-
ites have a more uniform morphology because of the CdO 
reacting with the SiC nanoparticle composites. Hence, this 
behavior can be ascribed to the increasing number of pulses, 
which create short chemical bonds between the interfaces. 
As a result, the residues had a harmonious surface arrange-
ment. This result led to a straightforward path for electrons 
generated by light interactions with the precipitate if later 
used as a solar cell, consistent with other research findings 
[32–34]. A particular interest is in producing monodisperse 
metal oxide nanoparticles of varying diameters. Further-
more, it provides superior electrical conductivity compared 
with other morphologies due to its increase in surface area 
[35, 36]. CdO is insoluble in water; CO2 can be captured 
from the air and reduced into conducting oxides. It is one 
of the promising optoelectronic candidates [37]. Due to its 
properties, such as wide band gap, low electrical resistiv-
ity, and high transmission in the visible region, Cadmium 
oxide (CdO) can be used in a wide range of solar cells [38, 
39]. Even though all SiC particles showed superficial sec-
tions, they had well-aligned granular morphology. Com-
pact particles showed some deviations from the growth 
direction, as displayed in Fig. 4a. The surface of the thin 
film, as illustrated in Fig. 4b, covered the entire thickness 
at higher pulses. However, they were restricted to starfruit, 
which aligns with other researchers' findings [39–41]. The 
degradation of chlorophyll is a natural part of the life cycle 
of photosynthetic organisms. Chlorophyllase catalyzes this 
activity by hydrolyzing C-173 ester bonds with excellent ste-
reospecificity. Polar products like Chlorophyllide-a exist in 
lipid environments to undergo different metabolic responses. 
To facilitate the transport of newly synthesized pigment mol-
ecules into the target photosynthetic complexes, reaction 
centers, and antennae. Therefore, the esterification of the 
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C-173 carboxylic group with long-chain alcohol is neces-
sary. In many of these photosynthetic complexes, chloro-
phyll interacts with the hydrophobic domains of apoproteins 
[42]. Therefore, The SEM images reveal composites, which 
are compact grains due to chlorophyll. They are assisting in 
the development of refined semi-spherical grains. Surface 
confinement generally decreases as laser pulses increase and 
grain size decreases the thin film layers interact with plasma 
ablation products and chlorophyll dye in this process. The 
result is a reduction in grain size and a purification pro-
cess using more laser pulses after the reduction is complete 
[43]. Moreover, the composite was homogeneous with some 
surface pores, indicating that crystallites did not aggregate 
inside a particle, where particles are composed of many 
globular granules. Hence, Mg and C ions play essential roles 
in shaping [CdO(75%)∕VO2(20%)∕SiC(4%)] nanostructures into 
a morphology similar to confinement grains. Other grains 
contained fewer twins and dislocations, whereas others had 
a high density of twins and stacking faults, indicating heavy 
faulting. Moreover, the surface composition of the sample 
revealed smaller grains and denser twin striations. Due to 
the chemical connection between C in silicon carbide (SiC) 
and chlorophyll extracts as 3C-SiC, micro-to-nano-disloca-
tions generate composite flaws. Comparable responses were 
noted during the production of diverse morphologies of the 
substance [CdO(75%)∕VO2(20%)∕SiC(4%)] nanostructures irre-
spective of the source of C ion was diverse, this is a fair 
agreement based on the sources used [44].

Figure 5Particle size histograms of the S1 and S2 samples 
were determined using SEM images as described in the lit-
erature [45]. The figure illustrates the particle size distribu-
tion of the S1 and S2 samples. S1 has a particle size of 22.64 
nm, while S2 has a particle size of 17.85 nm. As the pulse 
rate rises, there is a significant reduction of around 21%. As 
a result, the results are consistent with those obtained by the 
Scherrer method for determining the crystallite size

Granules with assemblage defects are regularly dis-
tributed on the film surface due to CdO NPs, VO (II), 
and SiC accumulation at specific sites without other sites 
with new growth patterns. In terms of shape and collected 
togetherness, the particles are regular and irregular on the 
nanoscale. Since the size of the aggregated particles is 
semi-uniform, SEM is used to determine the morphology 
of the particles. The prepared were formed as plate-like 
aggregates by removing surfactants from the solvother-
mal process. As shown in Fig. 4a, the product before laser 
treatment is fused and has an irregular shape. This dis-
tinctive structure is of various sizes and shapes and has 
a hexangular morphology similar to that of a starfruit. It 
has been reported that specific forms are extensive and 
are composed of many small particles aggregated together 
compactly. Alternatively, some structures are comprised 
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of only a few particles. The morphology of the products 
obtained by SEM also shows some single small parti-
cles. Tiny holes/pores and little intrinsic spaces can also 
be observed within any product aggregate. According to 
Fig. 4b, SEM revealed nano and microparticles in an une-
ven pattern after laser treatment. Laser treatment (E = 80 
mJ and No. of Pulses = 100, 200) compacts the product's 
particles into nearly spheroids. A regular array of nano 
and microparticles can be seen in the arrangement of parti-
cles, and there are tiny visible spaces between them. When 
chlorophyll was present before and after laser treatment, 
these particles did not acquire the shape of flowers. The 
laser treatment results in the fragmentation of large aggre-
gates, leading to minute nanoparticles in the final prod-
uct. In agreement with other studies, this study examined 
whether these particles exhibit an anisotropic morphology. 

Where it extends from the surface to the inter-particle 
open spaces, resulting in loosely packed microstructures 
with sufficient space between them [46].

An XRD pattern is shown in Fig. 6 for the synthesized 
samples S1 and S2 using the Solvothermal method and 
treated with Nd: YAG lasers. All diffraction peaks were 
found to match well with the Standard JCPDS Data Cards 
for CdO (05–0640), VO2 (65–7960), SiC (29–1129), and 
Mg-Chlorophyll (78–0430). Compared with the synthesized 
composite nanoparticles, the sample exhibited similar dif-
fraction peaks. The porous silica shell shielded the detecting 
X-rays, resulting in low-intensity retained nanocomposite 
peaks. Based on XRD patterns, chlorophyll dye-overlaid 
films have mostly polycrystalline structures, depending on 
preparation conditions. On glass substrates, an increase in 
laser energy affects the composition of S2 compared to S1 
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films. The two numbers have two different pulses (100 and 
200 pluses).

According to Fig. 6, when the number of pulses (100 
pulses) is the same and sharper and more distinct, respec-
tively, the crystal levels (111) and (002) for CdO and VO2 
become dominant. Increasing laser pulses indicates a poly-
crystalline film, when the number of laser pulses is increased 
from 100 to 200, a polycrystalline film is formed. For cad-
mium and vanadium, other peaks will appear at the diffrac-
tion angles for the same oxide. XRD peaks of SiC at (111) 
and (220) appeared at angles (2θ = 34.1°, 60°), respectively. 
The diffraction angle (2θ = 34.1°) was observed for Mg at 
level (111). It is worth mentioning that other researchers 
have observed similar changes in thin film structure, which 
indicates a shift toward more stable phases. As a result, VO2 
and SiC have hexagonal crystal structures, while CdO has a 
cubic crystal structure. The mg-chlorophyll phase was pre-
sent in the samples and exhibited diffraction peaks similar 
to the models. The diffraction peaks of both nanocompos-
ites were found to have relatively low intensities [41]. The 
porous silica exterior is a barrier against X-ray detection [47, 
48] in addition to decreasing the chlorophyll concentration 
and laser pulse number. The grain size increases, as does the 
dislocation density, which is lower than in non-plasticized 
thin films. Some levels and faults developed after crystal-
line grains grew and rearranged at a given temperature for a 
long time. The SEM analysis has reorganized these defects. 
Energy is needed for the grains to produce and arrange 
within the lattice, which means stress is removed. The aver-
age particle size decreased from 61.4 nm in S1 to 50.31 nm 
in S2 when subjected to 80 mJ with a pulse count of 100 and 
200. In this test, one can observe that pulse energy affects 
grain crystallite size. As a result, any amount of silicon car-
bide or vanadium oxide added increases nucleation centers. 
Therefore, smaller particle sizes appear. As listed in Table 1, 

the crystallite size calculations of the synthesized samples 
were collected using the Debye–Scherrer method [49, 50], 
as Eq. 2.

Assuming λ is the wavelength of the X-rays, Bragg's 
angle (θ), and the FWHM (β) in radians of diffracted X-rays.

X-ray Energy Dispersive Measurement can be used to 
identify the phases of materials present in samples. Fig-
ures 6 and 7 show S1 and S2 elements in the synthesized 
nanocomposites, respectively. A study determined if Cd, V, 
Si, O, C, and Mg elements were present. In the composite 
lattice, no VO2 peaks were detected, which may be related 
to the substitution of the Cd2+ , V5+ ions with Mg2+ ions due 
to structural similarities between CdO and SiC. Moreover, 
no impurities were present in Fig. 6, which indicates that 
the samples were not contaminated during preparation. In 
addition, there was no contamination in the testing chamber, 
as confirmed in Figs. 7 and 8.

(2)D =
0.9�

β cos θ

Table 1   EDX data recorded 
in S1 and S2 synthesized 
nanocomposite samples

Samples Physical Quantity Elements

Cd O V Si C Mg Impurities
(Au, K, Ca, Al)

S1
[CdO(75%)/

VO2(20%)/
SiC(4%):p-
Si]

(80 mJ, 100 
Pulses)

Weight% 2.96 1.33 5.78 23.65 5.46 26.33 34.50
Atomic% 0.85 0.96 2.34 14.87 4.19 38.71 38.08

S2
[CdO(75%)/

VO2(20%)/
SiC(4%):p-
Si]

(80 mJ, 200 
Pulses)

Weight% 2.96 1.33 8.82 21.71 7.52 24.29 33.37
Atomic% 0.85 0.96 3.11 13.84 6.42 37.65 37.17

Fig. 7   EDX measurement of synthesized S1 (80 mJ and 100 pulses) 
nanocomposites
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As confirmed by EDX spectroscopy, the composite's 
elemental composition is solely V, Mg, and C, whose pro-
portions are consistent enough to form nanocomposites. 
Moreover, the essential mappings of the synthesized com-
posite are described. As a result of solvothermal treatment 
followed by the Nd: YAG lasing process, the p-Si surface 
contained a pretty distribution of Cd, V, and Si elements, as 
listed in Table 1.

UV–Vis. spectrum of S1 and S2 nanocomposites is pre-
sented in Fig. 9. At 310 nm and 640 nm, two prominent 
absorption peaks and three edges at 390 nm for S1 are 
detected. Artifacts cause band-edge emission at 480 nm for 
S1 and S2. For two fabricated films synthesized with laser 
energy 80 mJ, wavelength 1064 nm, frequency 6 Hz, and 
the number of pulses 100 and 200, the absorbance spec-
trum changes as a function of wavelength within the range 
(280–880) nm. It was observed that significant absorbance 
occurs in the visible region and that it decreases slightly at 
long wavelengths. In a physical sense, the incident photon 
could not irritate an electron and transfer it from the valence 
beam to the conduction beam since the photon energy is less 
than the energy gap in the semiconductor. At 80 mJ laser 
energy, the absorbance decreases with increasing wavelength 
in (nm); at low points, it decreases almost steadily. Several 

studies have shown that the number of laser pulses impacts 
the absorbance of synthesized films. When the number of 
laser pulses is increased, the absorbance emerges in the 
visible spectrum at a wavelength λmax = 640nm , whereas 
the most significant number of pulses is 200; the increase 
in absorbance indicates an increase in granular size and 
surface roughness. According to their absorbance spectra, 
both samples contained Cd–O, V–O, Si–O, and Si–C vibra-
tions. The peak at 640 nm in oxide materials is due to an 
oxygen vacancy with a single ionized electron. Within the 
valence band, a photogenerated hole recombines with an 
ionized electron. The transition between the conduction and 
valence bands is produced at 480 nm. A band at 640 nm 
is also caused by a near-band gap radiative combination. 
There is a slight shift to the blue of the absorption edge 
compared to the absorption edge S1 due to quantum confine-
ments observed with adequate pulse energy. As a result, with 
increasing pulse counts, the particle size decreases due to 
particle aggregation due to the formation of dye aggregates 
around the nanoparticles, corresponding to the measurement 
of XRD [51, 52].

While keeping the spectral shape constant, there was 
an increase in the intensity of absorbance. Following the 
excitation, the spectral shape of the transient absorption 
spectrum matched that of the long-lasting transient species 
[53]. Within a laser plume, the collision between electrons 
and ions occurs as a result of electron–ion interactions. The 
absorption band expanded into the visible region, making 
the chlorophyll dye visible. According to the application of 
nanosecond pulses to nanoparticle films, partially similar 
peaks were observed. More and more Nd: YAG laser pulses 
were employed to ablate material-targets. It was determined 
that the absorption edge at 480 nm was caused by the com-
position of the thin-film interconnection deposited on Si-
Wafers [54].

Following Eqs. 3 and 4, the topic under discussion per-
tains to the concept of two distinct band gap energies (Eg) 
associated with Urbach energies (Eu) obtained [27].

It is demonstrated that (α) is the absorption coefficient, 
(hν) is the photon energy, and (A) and (β) are constants that 
are material-dependent.

Band gap energies of (2.7 eV) and (2.5 eV) are estimated 
for S1 and S2, respectively. As illustrated in Fig. 10, the 
valence band degenerates based on the obtained band gap 
energies. In semiconductor physics, it is essential to under-
stand the optical energy gap. Depending on how semicon-
ductors are used in optical and electronic applications, the 
value of this constant may vary. Energy gaps are dependent 

(3)(�h�)2 = A
(

h� − Eg

)

(4)(��) = � e
(h�∕Eu)

Fig. 8   EDX measurement of synthesized S1 (80 mJ and 200 pulses) 
nanocomposites
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on crystal structures in a material. Using the absorption coef-
ficient and the energy of the incident photon, the energy gap 
( Eg ) can be determined. Figure 10 determines the permis-
sible energy gap values for S1 and S2 samples. It was found 
that thin films containing cadmium oxide exhibit increased 
absorption and absorption coefficients, with an energy gap 
of 2.15 eV. These band gap energies are lower than those in 
the literature, possibly due to lattice stretching or nanopar-
ticle size [55].

It is important to note that the particle size of nanopar-
ticles affects their band gap energy. Due to the 'quantum 
confinement effect the size of the nanoparticles can affect the 
band gap energy [56]. The lattice parameters increase as the 
particle size decreases, resulting in more expansive spaces 
between bands [57]. The band gap increases as the diameter 
decreases. According to XRD and SEM, the energy gap has 
also decreased as a result of the decrease in particle size. 
As nanofilms become smaller, the energy band gap tends to 
decrease [58]. As a result of a lower band gap, the amount of 
energy required to excite an electron from the valence band 
to the conduction band is minimal, and this depends on the 

size of the nanoparticles. As the size of the device decreases 
to the nanoscale, electron confinement causes the band gap 
to increase significantly [59, 60]. The samples show promise 
for visible-light photocatalytic applications due to the tiny 
value of the energy gap [61, 62].

5 � Current–Voltage Characteristics 
Measurements at Dark and Illumination

As a method for studying the effects of forward and reverse 
bias voltage on the current flow. It is widely agreed that the 
dark I-V characteristic of thin films is a crucial device meas-
uring parameter. Figure 11 shows the fundamental junction 
diagram of two cells, S1 and S2, produced according to the 
above mentioned methods.

For about 15–20 min, hydrofluoric acid was sprayed on 
the silicon wafer slides to etch them. To establish a matri-
ces groove line surface like Fig. 12. Deposition films were 
mapped out using Teflon masks as electrodes. Note that soft 
paper was used to dry the samples.

Figure 13 illustrates the I-V characteristics of heterojunc-
tion nanocomposites synthesized from S1 and S2 nanocom-
posites under darkness. According to the figure, the curve 
exhibits a highly nonlinear characteristic. Thus, it is appar-
ent that the conduction mechanism is non-ohmic and may 
indicate the existence of multiple conduction mechanisms. 
When current flows forward through a diode, it has relatively 
little resistance, while when it flows reversely, it also has 
relatively little resistance. Most carriers flow at a low cur-
rent flow, which results in the forward dark present being 
generated at a deficient flow. By applying voltage, most run-
ners are introduced into the depletion layer, decreasing the 
width of the depletion layer and the built-in potential. Dur-
ing this recombination, a high majority carrier concentration 
( n2

i
< np ) is co-generated with a low voltage region (0–0.3).

The electrons are recombined with holes in the valence 
band as they move from the valence band to the conduction 
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band (C.B). It can be observed that the recombination cur-
rent is slightly increased at low voltages (0–0.3); high voltages 
are required for tunneling to occur. As voltage increases, the 
magnitude of the current increases exponentially. This type 
is called diffusion current, which dominates at high voltages 

(above 0.3 V). When reverse bias voltages are applied in the 
reverse bias region, a broader depletion layer forms, result-
ing in fewer majority and minority carriers. The reverse bias 
current has two areas, and the forward bias current has two. 
Generation currents dominate at low voltages (0.1 Volt), but 

Fig. 12   Silicon Wafer Substrate 
with matrices grooves

Fig. 13   I-V characteristics 
under dark for C1 and C2 
nanocomposites synthesized 
heterojunctions

Fig. 14   I-V Characteristics 
under illumination by (105mW/
cm2) white light for C1 and C2 
nanocomposites synthesized 
heterojunctions
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diffusion currents are dominant at high voltages (> 0.1 Volt). 
Increasing laser pulses across heterojunctions S1 and S2, 
current increases due to increased charge carriers across the 
junction. As displayed in Fig. 13, recombination currents are 
located in two regions: tunneling and recombination currents. 
In this regard, the current forward mechanism coincides.

Two samples of p-Si heterojunctions were synthesized, and 
their illumination current and voltage relationships are shown in 
Fig. 13. Measurements were conducted under dual illumination 
of ( 105mW∕cm2 ), with an illuminated cell area of (1.5 × 2) cm2 . 
This graph illustrates the photocurrent behavior with forward 
and reverse bias voltage. According to Fig. 14, When the bias 
voltage is increased, the photocurrent is increased too. Whereas 
when the incident power density is increased, the photocurrent 
increases. As the reverse bias voltage is grown for the hetero-
junction under illumination, the width of the depletion region 
increases. Due to the rise in the amount of absorption through 
it and the formation of electron–hole pairs. The current grows 
exponentially in forward biasing voltage before leveling out. A 
high carrier injection level can result in the applied voltage not 
being fully developed across the depletion region. Figure 14 
demonstrates that increased laser pulse count results in a higher 
photocurrent. Furthermore, it may result from a defect in the 
interface states. Calculating the fill factor and efficiency from 
equations down is possible, respectively. ISC and VOC represents 
the current and voltage in short circuits, respectively. Alterna-
tively, Im and Vm are the maximum power current and voltage, 
correspondingly. At that setting, the device's output power is at 
its highest. The fill Factor is another parameter that comes from 
Eq. 5 below [63, 64].

Aspects such as the efficiency of photovoltaic conversion 
are another critical parameter. Equation 6 provides a formula 
for determining how much photon energy is transformed into 
electron energy [65].

Where Pm : the area of the maximum power rectangle, Pin : 
the incident power. The I-V parameter values ( Voc , Isc , Vmax , 
Imax , F.F and η) were listed in Table 2.

As concentration increases, short current density 
increases due to increased absorption of light, as a result of 

(5)F.F = VmIm∕VocIsc

(6)η =
Pm

Pin
=

F.F × Isc × Vo

Pin
× 100%

the increased absorbance of photons, the number of photo-
generated electrons (charge density) increases, resulting in 
an increase in current flow. A shift in the Fermi level of 
electrons in the conduction band of CdO and VO2 causes an 
increase in the open circuit voltage, which is explained by 
the shift in Fermi level of electrons in the conduction band. 
The increase in open circuit voltage is a result of the shift 
in the Fermi level of electrons within the conduction band 
of oxide materials. Equation (5) demonstrates that a sili-
con solar cell has the potential to produce a maximum open 
circuit voltage. Recombination losses, on the other hand, 
lead to a decrease in the open circuit voltage. The number 
of chain groups that adhere to chlorophyll surfaces and the 
chemical reactions involving oxide groups in materials both 
influence the Fermi level. As the concentration increases, 
the I-V curves become closer together due to the saturation 
of both the short circuit current and open circuit voltage. 
Due to changes in the conduction band, the properties of 
the material oxides utilized in the fabrication of solar cells, 
along with the size of nanofilms, lead to a reduction in the 
efficiency of electron injection into the conduction band of 
CdO and VO2 with SiC. The arrangement of carbon chains 
affects how the chlorophyll molecules bind to the surface 
of the composite. This impacts the charge injection into the 
conduction band of CdO and VO2 with SiC, along with the 
Fermi level of electrons in the band gap. Understanding the 
connection between short circuit current and open circuit 
voltage is crucial in determining the fill factor and solar 
conversion efficiency. Variations in open circuit voltage and 
short circuit current are the cause of their changes [66].

6 � Conclusions

A wet chemical synthesis method named solvother-
mal technique was successfully employed to synthesize 
[CdO(75%)∕VO2(20%)∕SiC(4%)] . Nd: YAG lasers were used to 
treat the prepared nanocomposite samples (1064 nm, 80 mJ, at 
pulse counts 100 and 200). According to the results, grain size 
decreased with the addition of vanadium oxide. At the same 
time, it increased at low energy levels and low chlorophyll con-
centration. Although dislocation density was lower than in the 
non-plasticized thin films, it was still more significant than in 
the non-plasticized thin films. After grain growth and rearrange-
ment, deposition at a specific temperature for extended periods 

Table 2   I-V parameters for 
C1 and C2 nanocomposites 
synthesized heterojunctions 
under illumination by (105mW/
cm2) white light

Material of Cells Voc (V) Isc (mA) Vm (V) Im (mA) FF η%

C1: [CdO(75%)/VO2(20%)/SiC(4%):p-Si]
(80 mJ, 100 Pulses)

0.31 47 0.195 21.6 0.29 6.79

C2: [CdO(75%)/VO2(20%)/SiC(4%):p-Si]
(80 mJ, 200 Pulses)

0.34 40 0.210 32.0 0.48 11.0
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reconfigured several levels and flaws. In the present study, syn-
thesized films grew in a hexagonal wurtzite structure. Before 
and after laser treatment, substantial changes were observed in 
particle morphology, size, and arrangement SEM. After laser 
treatment, morphology is considerably looser but sequentially 
arranged compared to morphology obtained before. It was found 
that the synthesized product could be thermally decomposed 
when used as a catalyst. There was a significant reduction in ther-
mal degradation when [CdO(75%)∕VO2(20%)∕SiC(4%) ∶ p − Si] 
nano aggregates were used as a catalyst for laser thermal decom-
position. The flash point and fire point have been reduced to 
facilitate burning. Consequently, the synthesized product is well 
suited to use as a catalyst, fuel additive, and solar cell, where 
its efficiency was improved (η = 6.79% to 11%). Using an Nd: 
YAG laser, this study used two different laser pulse rates at an 
energy of 80 mJ to prepare thin CdO/VO (II) thin films. A 30 to 
70 percent percentage weight was recommended for S1 and S2 
sample preparation.
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