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Abstract: The operation of solar cells based on GaAs p-i-n GaAs is investigated via numerical
simulation using "SCAPS-1D. This involves optimizing certain physical and geometric parameters of
these cells to increase their performance under standard conditions. The simulation was carried out on
a "p-i-n" solar cell based on GaAs by studying several parameters, namely; the effect of the thickness
of each layer of the PV cell, the impact of doping on the values of the open-circuit voltage (Voc) and
short-circuit current density (Jsc), as well as conversion efficiency and fill factor (FF). The obtained
results show that the behavior of the solar cells studied is directly related to the temperature and to the
thickness of the intrinsic layers. In fact, the optimal parameters for high performance are: Voc=0.85V,
Jsc=24.52 mA/cm?, FF= 85,70 % and n=21.05 %.
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1. Introduction

The use of renewable energies to generate electricity is one of the solutions developed
to face the decrease in natural resources[1]. Increase the energy independence of countries and
reduce the anthropic impact on the environment [2, 3]. The solar energy arriving on Earth at
each moment is gigantic and can be converted into electricity using photovoltaic cells [4]; the
basic solar cell is a semiconductor PN junction whose efficiency depends on the absorbed
photons and the electron-hole pairs generated in the space charge region [5, 6]. One of the
possibilities to improve this absorption is to intercalate an intrinsic layer between the P-doped
and N-doped layers [7-9], which gives a solar cell based on a p-i-n structure [10, 11]. Many
works were done in our laboratory in order to find new organic and inorganic condensed
phosphates used for photovoltaic cells [12-21].

Most solar cells are based on a PN junction; in thin-film solar cells [22-24], the diffusion
lengths are usually very small; in fact, they are often less than the thickness of the solar cell
[25, 26]. Therefore, diffusion alone is not sufficient to ensure the transport and collection of
photo-generated carriers [27, 28]. Therefore, the internal electric field is also used to support
the photo-generated carriers' transport [29]. This is only possible with the p-i-n structure: the
internal electric field extends over the entire i-layer and governs the photo-generated carriers'
transport and separation [30, 31]. Our research will therefore focus on studying heterojunction
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and p-i-n solar cells by simulating the behavior of these solar cells using the SCAPS simulation

software. In particular, the optimization of geometrical and physical parameters; The first
considers the effect of intrinsic layer thickness, whereas the second considers the impact of
temperature on the perfillance of the GaAs and p-i-n structure cell.

2. Materials and Methods

2.1. Structure of a p-i-n solar cell.

Our work will focus on studying a solar cell with a p-i-n structure based on amorphous
silicon. It will essentially be the simulation of the behavior of this solar cell using the SCAPS
simulation software [32].

The light
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Figure 1. The structure of the p-i-n solar cell.

Figure 1 illustrates the cell's structure which was used in the simulation A glass panel,
a transparent conductive oxide (TCO) anode, a p-i-n junction make up the structure, and an Al
cathode. The parameters used for the gallium arsenic p-i-n solar cell at T=300 K are in the
following Table 1.

Table 1. Parameters used to simulate the gallium arsenide p-i-n solar cell [33].

Parameters p-layer i- layer n- layer
Thickness (nm) 9 500 20
& 12.4 12.4 12.4
Xe(eV) 4.07 4.07 4.07
E(eV) 1.42 1.42 1.42
u,(cm2.V-1s71) 8500 8500 8500
pp(cm?.V-1s71) 400 400 400
N¢(em™3) 4.7 x 10%7 4.7 x 107 4.7 x 10V
Ny(cm™3) 7 x 1018 7 x 1018 7 x 1018
Na(cm~3) 107 0 0
Np(cm™3) 0 0 1017

2.2. Operating principle of a p-i-n solar cell.

The operating principle of a photovoltaic solar cell is illustrated in Figure 2, which
represents the function of a PN junction where the space charge zone. The incident photons
create carriers in each of the regions p, i, n, and their behavior differs depending on the region

of the junction where they are created.
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Figure 2. Operating principle of a solar cell with a p-i-n structure.
2.2.1. For p and n-regions.

In these layers regions, the minority photo-carriers diffuse. Those that reach the space
charge region are propelled by the electric field, directed from the positively charged part to
the negatively charged part (Figure 2), to the region where they become the majority. There is
thus separation of the carriers in the ZCE towards the p and n regions [34, 35]. These photo-
carriers contribute to the current by their diffusion; they create a photo-current of diffusion.

2.2.2. For intrinsic layer.

The electric field dissociates the electron-hole pairs created by the photons; the electron
is propelled towards the n-type region and the hole towards the p-type region. These carriers
give rise to a photo-current of generation [36].

2.3. Electrical parameters of a solar cell.

We often talk about the conversion efficiency of photovoltaic cells; this term
corresponds to the cell's capacity to transfill the energy of the photons that hit it. These
measurements are now standardized [37]. Therefore, the manufacturers test the solar cells
under an artificial light spectrum corresponding to a typical solar spectrum AML1.5 (the total
irradiance received on the Earth's surface at an altitude of 0° with an angle of 48°) under a fixed
temperature at 25°C [38]. For simplicity, this convention has been used to normalize the
efficiency given in the collector manuals in order to compare them. The average total power
received during the tests by the cells assembled in PV module is 1000W/m? under 25°C [39].
A number of scientists are working to increase solar cells' power density [40]. Currently, the
commercial panels have most of them, an efficiency of about 14% [41]. This can result in the
production of 140 Watts for a PV module that receives 1000 W/m?2. Research into the materials
that make up the cells is in full swing, as is research into optimizing the manufacture of PV
cells and panels. An important parameter is often used from the current-voltage 1 (V)
characteristic to qualify the quality of a PV cell or the quality of a cell or a PV generator: the
fill factor (FF). This coefficient represents the ratio between the maximum power that the cell
can deliver Py, and the power-filled by the rectangle I¢c. V,. [42].

FF = fmax
IccVoc
As the value of this factor increases, so does the exploitable power. The best cells will
have been subject to technological compromises to achieve the ideal characteristics possible.
The efficiency of a cell can be written [43]:
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where P gx= Viax- Imax aNd Pipe = 1000 W /m?2.
2.4. The crystal structure of GaAs.

In this section, we have used Vesta software to represent the GaAs crystal structure,
illustrated in figure 3, and the X-ray diffraction spectrum shown in figure 4 [44]. The GaAs
structure crystallizes in two face-centered sublattices, one is formed of element Ill, and the
other is formed of element V [45-47]. At the nanometric scale, the wurtzite structure also
becomes stable for some I11-V materials (GaAs, InAs). It offers another possibility to tune their
optoelectronic properties when this transition is well-controlled [48, 49]. Several studies have
shown that nanowires or quantum boxes can control this transition. Gallium arsenic is a
compound with the molecular formula GaAs, a member of the 111-V semiconductors group. In
particular, it is a semiconductor material used for the realization of electroluminescent diodes
in microwaves and optoelectronic components, infrared or photovoltaic cells. GaAs is called
"111-V" because gallium and arsenic are present in columns Ill and V of the periodic table and
therefore have three and five valence electrons [50].

Figure 3. Zinc blende crystal structure of GaAs.
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Figure 4. X-ray diffraction spectrum of the GaAs structure.
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The parameters used for the p-i-n solar cell based on amorphous silicon at T=300 K are
listed in the table. The parameter value of the GaAs structure mesh is equal to 5.6533 A [51].
The simulation results of GaAs solar cell junction types using SCAPS-1D are resumed in Table

2 and Figure 5. Throughout the simulation, the standard solar cell conditions are AM1.5, a
temperature of 25 °C, and irradiance of 1000 W/m?.

Table 2. Simulated parameters of the GaAs solar cell as a function of the junction type.
Junction type

Material type | V,.(V) Jec(MA/CM?) FF(%) 1(%)
p-n junction GaAs 0.968 17.3953 85.7054 18.04
p-i-n junction GaAs 0.8587 24.5220 85.7054 24.53
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Figure 5. J-V characteristic of the GaAs solar cell: (A) the p-n junction; (B) the p-i-n junction.

It is observed that the use of the intrinsic layer in The short circuit current density Jsc
and the open-circuit voltage Voc have both grown as a result of the GaAs p-n junction.

Therefore the power conversion efficiency n has also increased. On the other hand, to
ameliorate the performance of GaAs solar cell, The effect of intrinsic thickness layer and cell's

temperature are studied with output parameters, which are open-circuit voltage Voc, short
circuit current density Jec, fill factor, and conversion efficiency n.

3.1. Thickness variation of the i-layer of the p-i-n GaAs solar cell.

The obtained results are represented in Figure 6. It is noticed that Voc and FF show an
increase while Jec increases when the thickness of the intrinsic layer increases between 400nm
and 1000nm. It was found that the existence of the intrinsic layer causes an increase in cell

efficiency. Indeed, This layer plays a very important role in the photovoltaic properties of the
cell, in particular during the absorption phenomena.

3.2. Temperature effect.

Figure 7 represents the density current-voltage characteristic J-V as a function of
different temperature values. It shows that as the temperature increases, there is a small
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decrease in the short circuit current density and a large decrease in the open-circuit voltage of
the solar cell.
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Figure 6. Effect of temperature on the J-V characteristic.
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Figure 7. Effect of temperature on the J-V characteristic.

1

The temperature is an important parameter in the behavior of solar cells; nearly 80% is
lost as heat and affects electrical and physical parameters. Indeed, we set the parameters of the
p-i-n solar cell, and we change the temperature from 273 K to 323 K. Figure 8 shows the
influence of temperature on Vo, Jec, FF, and n. It is important to note that when the temperature
rises, the open-circuit voltage, efficiency, and fill factor decrease.
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Figure 8. Effect of temperature on photovoltaic solar cells parameters.

A comparison between the simulated and experimental p-i-n solar cells is presented in
Table 3. It can be concluded that the experimental and simulated values are in reasonable

agreement.

Table 3. Experimental and simulation results.

Parameters Experimental [52] | Simulation
Voc(V) 0.84 0.85
Jee(MA/CM?) 24.30 2452
FF(%) 81.35 85.70
n(%) 20.43 21.05

4. Conclusions

In summary, we have studied the optimization of a GaAs solar cell by numerical
simulation with the SCAPS-1D software. The study dealt with the influence of physical and
geometrical parameters (thickness and temperature) on the efficiency of the cell and
particularly on the short circuit current density Jsc, and open-circuit voltage Voc.

The results indicate that the behavior of p-i-n solar cells is strongly related to the
temperature and the geometrical parameters of the cell layers p, i, and n. On the one hand, it
was found that the temperature strongly influences the value of the short circuit current density
and is negligible on the open-circuit voltage when the temperature increases and, consequently,
the efficiency decreases. On the other side, the intrinsic thickness of the p-i-n GaAs solar cell
considerably influences the performance of the studied cell. The optimal parameters of the the
p-i-n GaAs solar cell are: Vo= 0.85 V, Jsc= 24.52 mA/cm?, FF= 85,70% and n=21.05 %.
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