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GRAPHICAL ABSTRACT: In the current paper, it is shown using two—dimensional simulation (2D) that visible synchrotron
absorption by CdO nanoparticles thin layer enhances in an array in which a Plasmonic nanostructure thin layer is placed over
CdO nanoparticles thin layer. It is observed that surface Plasmon excitation leads to increasing the electromagnetic field into
the Plasmonic nanostructure and hence, absorption enhances in CdO nanoparticle's thin layer. Applying Plasmonic
nanostructure considerably helps to enhance synchrotron absorption in CdO nanoparticles thin layer. Simulation by finite
element method is performed in the time domain. It can be observed in the simulation that CdO nanoparticles thin layer

absorption value in the designed nanostructure reaches to 91%.
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1. INTRODUCTION

Increasing the received electricity from solar synchrotron and
reducing the cost of this process, is a goal that will be very
useful and applicable in the fields of energy, technology, and
weather management if it will be achieved. Photovoltaic
apparatuses are able to convert solar energy to electric energy
[1-44]. The performance of these apparatuses is based on
semiconductor materials. Crystalline CdO nanoparticles thin
layer is one of the semiconductors that are usually used in a
thin layer. To have high efficiency in the thin layer, the
materials of the structure must correctly select and the
structure should be designed so that the maximum
synchrotron absorbs inactive thin layers. In this regard, the
electronic properties of the active thin layer (CdO
nanoparticles thin layer) can be improved to enhance
absorption by entering an array of Plasmonic nanostructure.
The plasmonic nanostructure is interested in their ability in
exciting Plasmons (combined vibrations of free electrons). By
exciting the surface Plasmons, the field considerably
enhances around the CdO nanoparticles thin layer and leads

to increasing the absorption [45-72]. Absorption in CdO
nanoparticles thin layer is directly related to the production of
carriers in the material so that by increasing the absorption
value, the quantum efficiency of electro-optical tools
improves.

2. Simulation

By applying surface Plasmon excitement in an array of
Plasmonic nanostructure which is placed over CdO
nanoparticles thin layer through flashing a TM polarized
synchrotron (electromagnetic field perpendicular to an array)
on the structure, absorption coefficient increases. To select
the best structure, Plasmonic nanostructure with various
dimensions and materials are placed over a thin layer of CdO
nanoparticles thin layer and their absorption values are
compared to each other.

In order to simulate, CdO nanoparticles thin layer refraction
coefficient and frequency-dependent optical constants of
utilized metals are obtained from [73-110].

Simulation-based on the finite element method is performed
in the time domain (FDTD). The unit cell of studied structure
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is surrounded by a complete analog thin layer (APML) from
top and bottom and by continuous boundaries from two sides.
The boundary condition of APML is provided for designing a
virtual region on both sides of the main region so that all of
the incident waves absorb by the boundary.

3. Definition of Structure

In designed structures, h is the height of Plasmonic
nanostructure, t is the thickness of CdO nanoparticles thin
layer and P is the period of the structure. Here, various arrays
of Plasmonic nanostructures are designed from Cadmium,
and the absorption curve of them are compared in terms of
wavelength to find optimum structure. CdO nanoparticles
thin layer thickness and period of the structure are 170 (nm)
and 350 (nm), respectively, for all structures.

In structure a the height of Cadmium nanostructure over CdO
nanoparticles thin layer is 125 (hm) and its period is 350 (nm)
and the Cadmium thin layer that is placed bellow it is of 125
(nm) height and 175 (hm) period. The observed peak in this
structure is at a wavelength of 600 (nm). In structure (b), the
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height of Plasmonic nanostructure over CdO nanoparticles
thin layer is 125 (nm). The structure (c) is of the same
dimension as structure (a). However, the top and bottom thin
layers of CdO nanoparticles thin layer are displaced with
each other. In structure (d), the Cadmium thin layer over CdO
nanoparticles thin layer is of 125 (nm) height while the height
of the Cadmium thin layer bellow the CdO nanoparticles thin
layer is 100 (nm).

Regarding the distribution of the electromagnetic field at a
peak wavelength of defined structures, it can be observed that
the best synchrotron accumulation in CdO nanoparticles thin
layer (highest absorption) is for the structure (b). The
distribution of the electric field in this structure is shown in
Figure (2).

Regarding the distribution of electromagnetic field shown in
Figure (1), and the distribution of the electric field in Figure
(2) at a wavelength of 760 (nm), an incident synchrotron is
focused on the corner of the triangular array at the vicinity of
CdO nanoparticles thin layer as localized Plasmon.

Figure (1): Comparison of absorption of designed structures and evaluation of electromagnetic field distribution at a peak
wavelength of structures.
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Figure (2): Distribution of electric field for structure (b) at a wavelength of 760 (nm).

The localized Plasmons are induced by the excitement of metal
conduction electrons that are coupled with incident electromagnetic
rays. At peak absorption wavelength of CdO nanoparticles thin
layer, free electrons of metal are resonantly excited and combined at
the corner of arrays [111-378]. The penetration of created Plasmons
in CdO nanoparticles thin layer emerges as a guided mode in the

thin layer. The resonant absorption is happened at 760 (nm)
wavelength due to the creation of a static wave in the CdO
nanoparticles thin layer. The Plasmonic nanostructure is changed
and the absorption synchrotron value in terms of wavelength is
evaluated (Figure 3).
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Figure (3): Comparison of absorption value of arrays with nanostructure (various metals).

These nanostructures are created from Silver, Gold, Copper, and
Aluminum. As can be seen in Figure (3), the optimum absorption
value is at the wavelength of about 760 (nm) which the Plasmonic
thin layer made from Cadmium is of highest light absorption value
in the structure.

Now, the period of the structure is increased. Figure (4)
shows the variations of a period of structure (b) with
Cadmium nanostructure as the optimum structure. It can be
seen that by increasing the period, the peak is shifted towards
red synchrotron wavelength.
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Figure (4): Plasmon graphs for structures with various periods.

The reason can be explained so that when the period is larger,
a static wave in CdO nanoparticles thin layer is made at a
longer wavelength. And or, it can be said that positive and
negative charges at the corner of the triangular array of
Plasmonic nanostructure are long distances from each other
in larger periods and hence, Plasmonic resonance happens at
a higher wavelength. It should be noted that the absorption
value is independent of the period of the structure.

4. CONCLUSION

Trapping the synchrotron in active thin layer of the solar cell
is of great importance. In the current paper, the creation of an
array from Plasmonic nanostructures over CdO nanoparticles
thin layer is proposed for enhancing the electromagnetic field
and hence, enhancing CdO nanoparticle’s thin layer
absorption. Utilizing Plasmon excitement in Plasmonic
nanostructures is very useful for enhancing synchrotron
absorption and reducing the total volume of the structure. By
designing a structure consisting of Plasmonic nanostructure
with appropriate metal and dimension and hence, utilizing the
effect of surface Plasmon, absorption of CdO nanoparticles
thin layer considerably improves. This improvement finally
leads to increasing the efficiency of the solar cell up to 91%.
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