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Abstract

Photovoltaic technology refers to the ability of a solar cell to convert solar energy into electrical
energy through the absorption of sunlight. Prioritizing the utilization of the anti-reflective
coating (ARC) is essential to optimize the functioning of the technology. In this investigation,
however, the primary focus will be on the ARC material to maximize the solar cell's efficiency.
Finding a material for a double-layer anti-reflective coating (DLARC) that will maximize solar
cell absorption in GaAs/Si is the major goal of this design. In addition, research is being done
on the photovoltaic characteristics of various materials for the DLARC in GaAs/Si solar cells
and the efficiency of silicon, or Si, as the p-type and gallium arsenide, or GaAs, in solar cells.
Using the Personal Computer 1-Dimensional (PC1D) simulation, the researchers will conduct
the experiment, which several prior researchers have utilized. According to the predicted
outcomes, double-layer anti-reflective coating (DLARC) will be more efficient than single-layer
anti-reflective coating (SLARC). Additionally, experimenting using the material's variables to
achieve the greatest efficiency will reveal the attributes that can aid in selecting the ideal
material for DLARC. ldentifying the right material for DLARC will result in a drop in light
reflectance and a rise in light absorption, potentially increasing the efficiency of the solar cell.
In conclusion, DLARC pairing material selection for GaAs/Si solar cells may be ascertained
using PC1D modelling. Among the nine designs, Scheme 8's MgF2/Si3N4 yields the best
solar cell efficiency (18.48%).

Keywords: Gallium Arsenide, silicon, solar cells, PC1D simulation, double layer anti-
reflective coatings

1. INTRODUCTION

Energy is the most essential component needed to complete all human tasks and the most
universal measure of all work by human beings and nature (Kumar Shah, 2021). Solar cells,
which can convert sunlight into electricity, find wide usage nowadays. Bell Laboratories
invented the first practical use of solar cells in 1954 using silicon p-n-type solar cells (Hussain
B. et al., 2015). However, there are still a few main issues from the first solar cell, which are
low efficiency and high cost of solar panels. To overcome these problems, researchers have
explored a wide range of solar cell types. Numerous researchers have identified the highest
efficiency, despite its expensive cost because of the raw material in the solar panel. This
improvement has allowed the efficiency of solar cells to increase in order to work effectively
and lower the cost of solar panels. While experimenting with solar cells, researchers have
explored various factors to increase their efficiency, such as adjusting the thickness of the p-
n type and anti-reflective coating (ARC), selecting the optimal number of ARC layers, and
implementing surface texturing on the solar cell.

Adding ARC on the top surface of a solar cell can reduce the reflection of sunlight and
indirectly can absorb as much as it can. There are a few types of ARCs which are single-layer
anti-reflective coating, double-layer anti-reflective coating (SLARC), double-layer anti-
reflective coating (DLARC), and multilayer anti-reflective coating (MLARC).
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The efficiency of the ARC is dependent on the number of layers. Only at a certain wavelength
can a single layer ARC decrease reflectance to nearly zero. It is necessary to use double or
multi-layer ARC to further minimize reflections across a larger wavelength range (Al-
Montazer, 2019). In this study, different types of materials were used to study the most
efficient material of DLARC using PC1D simulation. From the result, DLARC is the most
suitable ARC for solar cells.

2. MATERIALS AND METHODS

The purpose of this paper is to study the design of the solar cell. For the n-type and p-type,
Gallium Arsenide (GaAs) and Silicon (Si) have been chosen to be used in the solar cell
respectively, as shown in Figure 1. Furthermore, the study will examine the material of the
double-layer anti-reflective coating (DLARC) using simulation. As shown in Figure 1, the
surface texturing for the ARC that will be used is planar.

ARG,

ARC,

GaAs 1+ n-type (emitter)
Si -+ p-type (base)

Figure 1. Design of GaAs/Si Solar cell

To run the experiment effectively, constant and variable parameters need to be identified
before starting the experiment in the simulation. Table 1 shows the constant parameters in
PC1D simulation.

Table 1. Constant parameters in PC1D simulation

Parameter Setting Reference
Device area 100 cm?

Surface texturing Planar

Types of Anti-Reflective Double-Layer Anti

Reflective Coating (DLARC)
Coating (ARC)

Region 1 n-type (emitter)

Material Gallium Arsenide (GaAs)

Thickness (um) 50 (Dhamija et al.,2014)
Bandgap (eV) 1.42 (Dhamija et al.,2014)
Refractive index 3.86

Background Dopmg (Cm_ 3) 1e16 (Dhamlja et a|,2014)
Region 2 p-type (base)

Material Silicon (Si)

Thickness (um) 400 (Naim et al., 2021)
Bandgap (eV) 1.124 (Naim et al., 2021)
Refractive index 3.44 (Naim et al., 2021)
Background dop|ng (Cm — 3) 8616 (Dhamlja et a|,2014)

In this study, nine solar cell schemes will be examined using PC1D simulation. Table 2
provides the details of each of the nine schemes.
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Table 2. Details of ARC layers for nine schemes

Scheme Top layer ARC ni Bottom layer ARC nz
Scheme 1 SiO2 1.457 TiO2 2.540
Scheme 2 TiO2 2.540 GaAs 3.860
Scheme 3 Si2N3 2.000 TiO2 2.540
Scheme 4 SiO2 1.457 GaAs 3.860
Scheme 5 Al203 1.600 TiO2 2.540
Scheme 6 MgF2 1.382 TiO2 2.540
Scheme 7 Al203 1.600 GaAs 3.860
Scheme 8 MgF2 1.382 Si2N3 2.000
Scheme 9 SiO2 1.457 Si2N3 2.000

3. RESULTS AND DISCUSSION

Using the PC1D simulation, the researchers performed all the schemes and recorded the
results of short-circuit current I SC, power base output Pmax, and open circuit voltage V 0C
in Table 3 below. Fill factor, FF, and efficiency, n for each scheme of DLARC, are also
calculated and shown in Table 3.

Table 3. Result of GaAs/Si on solar cells

Scheme Isc (A) Prax (W) Voc (V) FF N (%)
Reference 2.116 1.305 0.7297 0.84518 13.05
Scheme 1 2.905 1.829 0.7374 0.85382 18.29
Scheme 2 2.543 1.583 0.7342 0.84785 15.83
Scheme 3 2.739 1.718 0.7360 0.85220 17.18
Scheme 4 2.734 1.714 0.7359 0.85191 17.14
Scheme 5 2.913 1.834 0.7375 0.85368 18.32
Scheme 6 2.879 1.813 0.7372 0.85422 18.13
Scheme 7 2.846 1.792 0.7369 0.85447 17.92
Scheme 8 2.937 1.848 0.7377 0.85290 18.48
Scheme 9 2.902 1.827 0.7374 0.85376 18.27

Referring to the reference’s value, it reveals that ARC takes an enormous responsibility for
increasing the efficiency of the solar cell. Among all the schemes, it shows that Scheme 8 has
the highest current and voltage, which are 2.937A and 0.7377V respectively. This result can
lead to high efficiency of the solar cell. Scheme 8 used MgF2/Si3N4 (nMgF2:1.382;
nSi3N4:2.000) as the material of the anti-reflective coating (ARC) which this material has a
lower refractive index. By applying a lower refractive index than the material of a solar cell, it
can function to reduce the reflection of light well. Also, a lower refractive index can increase
the transmission of light into the solar cell.

Transmission is important in the solar cell because it can allow photons to pass through the
solar cell and indirectly can convert the light into electricity. Thus, this is the reason Scheme
8 has the highest production of current. The relation between the current and voltage of each
scheme is demonstrated in Figure 2. Refractive index is the main important property because
it gives a big effect to the results of the schemes. The lower refractive index of ARC compared
to the solar cell allows for the absorption of numerous photons by the solar cell, leading to the
generation of a substantial amount of current indirectly. The power of the scheme depends
on the current and voltage that is produced in the solar cell. Thus, when the current is high,
the power also becomes high (Figure 3).
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Figure 3. P-V curve for nine schemes. Reference is included for comparison

4. CONCLUSION

One of the factors is that using an anti-reflective coating (ARC) can minimize the reflection
of light into the air. In this thesis, we will focus on investigating the efficiency of solar cells
by using a double-layer anti-reflective coating (DLARC). In conclusion, the selection of
pairing material of DLARC for GaAs/Si solar cells can be determined by using PC1D
simulation. Out of the nine schemes, it shows that MgF2/Si3N4 in Scheme 8 produces the
highest efficiency (18.48%) of solar cells. A few factors that affect the efficiency can be
detected while examining this experiment, one of them is the refractive index of the material
of ARC. The refractive index of the pairing material of Scheme 8 is the lowest compared to
other schemes. Thus, the researcher can focus on the refractive index of the material to
produce high efficiency in the future.
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