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Design and simulation of perovskite solar cells with ZnO and graphene

Abstract

Today, the need for primary and secondary energies is always increasing to meet the energy needs of
mankind. In recent years, solar cells have been used as an alternative to produce renewable, sustainable,
and pollution-free energy. Various materials have been used as the transfer layer in cells. TIO2 is one
of these materials that has been widely used as the electron transfer layer, but currently, ZnO is another
significant material. is more recently used than TIO2. Also, perovskite solar cells are the new
generation of solar cells that belong to the nano family. Currently, perovskite solar cells (PSC) as a
promising cell in the electronics industry, due to the high power conversion efficiency, as well as the
relatively lower cost of manufacturing a silicon solar cell, and such high flexibility that leads to the use
of Perovskite is on different types of substrates. Also, the use of graphene as the most important
fundamental photovoltaic material for photovoltaic energy conversion has emerged and been used.
Graphene is used as a transparent electrode, as an active layer between layers, as an electron and hole
transfer layer, or as an electron and hole separator layer in the construction of solar cells. In this article,
the goal is to find the best structure with the highest power conversion efficiency in solar cells, and we
will see further that by using perovskite, ZnO, and graphene, we will achieve a power conversion
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efficiency of 16% with a low manufacturing cost.
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Introduction

Global warming caused by the high emission of carbon dioxide
and the effects of greenhouse gases is one of the main concerns
of humans today(Wang et al., 2022). Carbon oxide in the
atmosphere traps the heat reflected from the earth's surface into
the atmosphere as a strong aura and as a result makes the earth
warmer. In the past decades, continuous efforts have been
made in the field of geology and carbon dioxide capture.
However, efforts in this field require spending more
energy(Shin et al., 2022; Steele et al., 2022; Tarasova et al.,
2022). Through research and reports, it has been determined
that by 2050, the global energy demand will double with the
rapid growth of population and the industrialization of
countries, especially in developing countries. Hence, the
development of renewable energies without the use of fossil
fuels such as thermal wind solar cells, biomass, and hydro-
electricity is widely have been studied at global levels. Solar
energy is considered a clean energy source. However, the
manufacturing cost, size, stability, reproducibility, and high-
power conversion efficiency of solar cells are considered an
effective approach to improving solar cells(Yamada &
Kanemitsu, 2022). A solar cell or photovoltaic cell is a solid
state electronic component. which converts a percentage of
sunlight energy directly into electricity by the photovoltaic
effect, which is a physical and chemical phenomenon. In the
past years, various types of solar cells with different functions
and structures have been designed and manufactured. The
name perovskite is derived from the mineral structure CaTiO3,
which was discovered by a German mineralogist named
Gustav Rose in 1839. It was proposed in 1792-1856 and he
chose the name perovskite for this material, which was often

considered a promising material for future generations of solar
cells the first halogen-based perovskite structure in cesium
halide (CsPbX3) was observed by Moller in 1958, and the
conductivity characteristics were adjusted and changed by
changing the halogen components to achieve different spectral
responses(Lee et al., 2021; H. Xu et al., 2022). The first
appearance of organic cation in halogenated perovskite was
proposed and developed for I, CL, and Br by Messrs. Weber
and Naturforsch in 1978 Perovskite in photovoltaics began its
work in 2001 when Miyasaka and his colleagues used
CH3NH3PDbBr3 as a sensitizer. began to be applied on TiO2
for dye-sensitized solar cells, which reached a power
conversion efficiency of 2.2% In 2011, Mr. Park and his
colleagues used perovskite nanostructures on TiO2 as a
sensitizer and achieved a power conversion gain of 1.8% to
improve absorption performance on conventional dyes. Also,
the use of zinc oxide in solar cells has been the focus of
researchers in the last decade. The important advantages of
ZnO include very good electrical, optical, and mechanical
properties, as well as important chemical properties, including
thermal stability, and also due to its high availability in the
environment, it is widely used for a wide range of practical
applications such as sensors. It is used as gas, catalysts, liquid
crystal display panels, electronic photodiodes, solar cells, and
also as an electrode(Abadi et al., 2019; S. Liu et al., 2022). It
should be noted that the most important advantage of zinc
oxide is its very low cost compared to other types of materials.
For example, in 2015, a perovskite solar cell was made based
on ZnO nanorods. ZnO nanorods were grown through the ZnO
seed layer in the solution, and the thickness and length of these
nanorods were controlled by changing the concentration of the
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solution and the growth time(Xie et al., 2009). In this method,
with perovskite penetration into ZnO nanotubes, the power
conversion efficiency reached 11.13%. In this method, by fully
comparing the spectral response of ZnO nanorods with TiO2
nanorods, the importance of using ZnO nanorods instead of
TiO2 has been considered due to the much higher current
concentration in perovskite solar cells based on ZnO nanorods.
Also, the assembly of charges in this structure is much faster
and more than in the TiO2 structure(Ehtesham et al., 2016;
Tabi et al., 2022; Tritt et al., 2008). Due to their unusual
electronic properties, graphene-based nanomaterials have led
to much research in the field of photovoltaic energy conversion
in the last two decades. Following the first discovery of
graphene in 1985 by Buckminsterfullerene, the separation of
graphene by exfoliation of graphite in 2004 led to many
advances in fundamental and applied physics. Since then,
graphene has been widely investigated in a wide variety of
applications in electronics, photonics, energy-related devices,
and sensors. In Figure 1, you can see the trend of research and
articles published in the field of graphene, and as it is clear, the
use of graphene in articles is increasing day by day(Qu et al.,
2021).
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Figure 1. Number of articles published in the field of graphene

Research Methods:
The solar cell structure is designed as shown in Figure 2 and as
you can see, a thin layer of glass is placed at the beginning to
maximize light absorption. This structure has been created and
analyzed using the finite difference time domain (FDTD)
simulation method(Agresti et al., 2016; Gharibzadeh et al.,
2019). In this method, the simulated part is first gridded and
Maxwell's equations are solved in the space of these grids and
the electric field (E) and magnetic field (H) are obtained. By
obtaining the above values, the value of the Poynting vector in
the whole area is obtained by equation (1).

1. S=Ex Fq

, A=->(V.5)

Also, the amount of absorption in the active area of the cell per
volume unit (A) is obtained from equation (2).
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Equation (3) has been used to obtain the electron-hole
production rate.
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Research and findings:
Now, in this part, using table (1), we will show that the use of
the three structures of perovskite(Afify et al., 2022; Jia et al.,
2022; Nazerian et al., 2017; Tan et al., 2013), ZnO, and
graphene in this structure improves the basic parameters of the

cell and finally the power conversion efficiency of the solar
cell is improved(Chen et al., 2015; F. Xu et al., 2022). In Table

6, each of the three materials perovskites, graphene, and ZnO
have been used alone in a solar cell sample and we have shown
its basic and important parameters(Cheng et al., 2022;
Fakharuddin et al., 2022; P. Liu et al., 2021). As you can see,
the amount of current concentration, FF, and power conversion
gain is low in them. Now, by comparing these values with the
values of this article, you will realize that the above values
have been improved by using all the above three materials in
the structure of the solar cell presented in this article(Liang &
Wang, 2020).

7 (o) FF Voc (V) Jsc (MA/cm?) Type of solar cell
8.8 83.3 0.1 68.2 Graphene-based
0.82 08 0.7 68.0 Based on ZnO
66.68 72 0.2 67.280 Based on
perovskite
61.28 38.2 0.1118 61.8818 this article
Table 1.Types of solar cells and checking their parameters
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Figure 3. Perovskite solar cell absorption size diagram

Figure 3 shows the absorption coefficient in the spectral range
of 0.3 um to 6 um for the presented solar cell. As you can see
in Figure 3, in the beginning, the absorption at the wavelength
of 0.3 micrometers is about 0.4 and the maximum absorption

0.6
Wavelength (um)

at the wavelength is about 0.7, which is equal to 83%.
According to the absorption diagram presented in Figure 3, the
amount of absorption decreases with increasing wavelength.
Also, as shown in Figure 4, the short circuit current of this



structure is about 19,536 mA/cm. As you can see, in this
designed solar cell, the amount of current concentration is high
and this is due to the use of all three structures of
perovskite(Abdollahi Nejand et al., 2022; Vogler-Neuling et
al., 2022), ZnO, and graphene, and this is one of the

cells designed in Articles are passed. As you can see in Figure
5, the value of the solar cell power conversion gain presented
in this article is shown. As you can see, the gain in this structure
is around 16.25 mW/cm(Dizaj, 2022; Dizaj et al., 2023; Im et
al., 2011; Wang et al., 2019).

improvement factors in this solar cell compared to other solar
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Figure 4. Voltage and current diagram
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Figure 5.Voltage and power diagram
In the past years, various solar cells have been presented with

various methods, each of which has different structures and as

Conclusion: a result, various benefits have been taken. In this article, we



presented a solar cell based on perovskite, ZnO, and graphene
and showed that this method has not been used in any of the
articles. The use of graphene is considered an advantage for
this cell due to its abundance in the surrounding environment
and its cheapness. Also, the use of graphene, due to its
favorable charge transfer capability and its photochemical
stability, clearly states the reason for using this material in the
structure of this cell. Also, the use of ZnO causes a decrease in
the composition of electron-hole pairs and as a result, the
current concentration in the cell structure increases, which also
improves the performance of the solar cell. It should be noted
that the speed of ZnO deposition on FTO is very important. In
such a way, the higher the layering speed and its accuracy lead
to more uniformity and more regular arrangement of ZnO
nanoparticles, and as a result, it leads to an increase in the
electron-hole transfer rate. Also, the use of perovskite plays a
significant role in the promotion of this cell due to the unique
feature of this material in its high absorption power, as well as
reducing its losses and its transparency. In this presented
structure, we showed that this structure has not been used in
any of the articles and we achieved a power conversion gain of
82.61%. Because the use of perovskite structures has been
especially noted in solar cells, conducting more research in this
field can be very important to increase the power conversion
efficiency in solar cells. Also, the use of ZnO is very important
because of its anti-reflective properties, and it should be tested
on the deposition of ZnO on different types of substrates, and
finally, the use of graphene due to the increase in the current
concentration of the structures and the increase in this type of
currency. It can be further researched as an idea to increase the
performance of solar cells.

Result:

In this article, we came to the conclusion that the use of
graphene in perovskite solar cells significantly increases the
efficiency. Also, the use of Zno reduces the destruction of
electron-hole pairs. The use of 2d materials for the layer the 2d
method also significantly increases the stability of the solar
cell. When we use Zno on the FTO layer, the deposition rate is
lower and the uniformity of the Zno nanoparticles is included.
In this structure, we have shown that due to the unique feature
of Individual graphene plays an excellent role in absorption, as
well as the reduction of losses and its transparency. We have
been able to create a uniform structure of perovskite solar cells.
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