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Abstract

This study aims to optimise the photovoltaic properties of the single-junction
Ino.49GaosiP solar cell by systematically adjusting the doping levels and the
thickness of various cell layers using Silvaco TCAD simulation software. To
improve the cell performance, materials with large energy bandgaps, particularly
AlGaAs and AlGalnP, are used as the window and back surface field (BSF)
layers, respectively. A wide range of doping concentrations and thickness
variations for each solar cell layer have been investigated to determine the best
combinations for maximising the cell's efficiency and overall photovoltaic
performance. The results show that the Jsc, Voc, Pmax, FF, and 1 enhanced from
17.44 mA/cm?, 1.27 V, 18.4 mW/cm?2, 82.95%, and 18.43% for the initial
proposed cell to 25.8 mA/cm?, 1.38 V, 32.05 mW/cm?, 90.24%, and 32.09% for
the optimised cell, respectively. This confirms the impact of adjusting the doping
concentration and thickness of the cell’s layers on the cell performance. The solar
cell's outstanding efficiency in this study is ascribed to the AlGalnP BSF layer's
involvement in the confinement of the photogeneration carriers, augmenting the
overall photocurrent. EQE and IQE significantly improve after optimising the
emitter and base areas compared to the other layers within the corresponding
bandgap wavelengths.
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1. Introduction

Photovoltaic is the most extensively utilised and developed renewable energy
technology. It has been identified as one of the most promising options for reducing
the demand for fossil fuels in various applications [1]. Due to the semiconductor
structure of 111-V compounds, they absorb a sizeable portion of the solar spectrum;
thus, 111-V solar cells will continue to receive extensive efforts to increase their
efficiency [2]. Ino49Gaos:P solar cells have a direct and relatively large energy
bandgap of 1.9 eV; therefore, they have been employed as an upper cell for
heterojunction solar cells such as InGaP/GaAs [3, 4], InGaP/GaAs/Ge triple-
junction solar cells [5], and InGaP /Si multi-junction solar cells [1, 6]. The upper
InGaP solar cell captures the high-energy photons, resulting in the absorption of
the lower-energy photons by the cell underneath. Furthermore, InGaP has a high
absorption coefficient and is non-toxic, inexpensive, and thermally stable, all of
which are advantageous when fabricating an environmentally friendly solar cell
with high conversion efficiency [7].

A comprehensive review of the existing literature reveals that a limited
amount of research has been conducted on the study of single junction InGaP
solar cells. Takamoto et al. [8] introduced an experimental work for an InGaP
homojunction cell on a GaAs substrate, and they achieved an optimum
conversion efficiency of 17%. Chang et al. [9] fabricated a single-junction InGaP
solar cell by a microhole array texturing technique and achieved an optimum
conversion efficiency of 15.91%. Dai et al. [10] reported a GalnP single-junction
solar cell stacked on GaAs substrate by molecular beam epitaxy (MBE) at a high
temperature, giving a 16.6% efficiency under AM1.5G illumination. Benlekhdim
et al. [11] suggested a model that optimises a single-junction Ing49Gaos1P solar
cell using an AlGaAs window layer and InGaP BSF layer by Silvaco ATLAS to
achieve an efficiency of 18.55%. Another model for a single junction Ing.s9Gaos1P
solar cell is introduced by Verma et al. [12] using the Silvaco ATLAS simulator.
The optimum efficiency of 21.59% is obtained when double BSF layers are used.
Soley and Dwivedi [13] reported an efficiency of 13.42% for homojunction
InGaP solar cells using the Silvaco ATLAS simulator. Recently, in 2024, Charane
et al. reported a simulation work via Silvaco TCAD for a single-junction solar
cell using Gaog.os4lno.gsP with an energy bandgap of 1.39 eV and achieving an
efficiency of 23.73% [14].

Due to the wide band bandgap of the InGaP, it has received less attention from
researchers being used as a single junction solar cell compared to other I11-V
materials solar cells. Besides the considerable expenses and time-intensive
associated with conducting experimental research for the synthesis and
optimisation of the InGaP solar cell, it is required to repeat the process until the
desired findings are obtained. The current work proposes a configuration of a
single-junction Ing.49Gags:P solar cell using AlGaAs and AlGalnP as the window
and back surface field (BSF) layers, respectively. The study is conducted using
the SILVACO TCAD simulator, a sophisticated and widely used tool in
semiconductor device modelling, to optimise the performance of solar cells. The
cell's efficiency has been optimised by varying its regions’ doping level and
thickness. The solar cell’s performance in terms of its electrical parameters,
photogeneration and recombination rates, and internal and external efficiency is
deeply investigated.
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2. Methods

Silvaco-TCAD is widely regarded as a highly reliable semiconductor simulator.
Researchers have widely employed solar cell modelling due to its ability to
manipulate numerous factors and reduce processing time more cheaply than the
production method [11, 12, 15, 16]. The operational mechanism relies on the
resolution of mathematical equations, specifically Poisson's formula, continuity
equation, and transport equations about carriers.

Poisson’s equation relates the generated electric field with charge density and,
in one dimension, is given in Eq. (1):

=t )
Since the electric field, E can be expressed in terms of electrostatic potential

(E=- Z—l:), Poisson’s equation can be written as [17].

R

oz T [P() =n(x) + Np + Ny + pp = pn] =0 (2)

where ¢ is the permittivity, q is the electronic charge, n is the electron density, Na
is the ionised acceptors’ concentration, Np is the ionised donors’ concentration, p
is the free hole density, and p, and p, are the distribution of hole and electron.

The hole continuity equation is given by:

10]p _

qox Gop - R(x) (3)
The electron continuity equation is given by.

19Jn

;a = _Gop + R(x) (4)

where Gy, is the generation rate, and R is the recombination rate.

In semiconductor materials, the drift-diffusion current density of holes and
electrons is given by the following equations [17, 18]

_ MpP 9EFp

J, = top 2 ®
_ Unn OEpn

Jn =" (6)

where uy, is the hole mobility, un is the electron mobility, Eg is the Fermi level of
holes, and Eg, is the Fermi level of electrons.

Figure 1 illustrates the cross-sectional configuration of the initial solar cell in
the present study. Each layer is defined by the doping concentration, thickness, and
physical parameters, including bandgap energy, relative permittivity, electron
affinity, effective density of states, carrier mobilities, and carrier lifetimes. The
semiconductor characteristics of the materials are listed in Table 1. The doping
concentration and thickness values of the initial cell regions are indicated in Fig. 1.
The physical models of AUGER, optr, FERMI, conmob, and bgn have been
considered. The cell electrical parameters are evaluated utilising a sequence of
extracting expression for the short circuit current density, open circuit voltage, fill
factor, and conversion efficiency.

The current density of the solar cells is usually defined using the following
expression:
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av_
J=Jsc—Jo <eKBT_ 1) (7)
By setting J = 0, the open circuit voltage of the cell can be given as:
_qv Jsc
oc = mln (E + 1) (8)

where J. is the short circuit current density, Jo is the saturation current density,
and V is the voltage between the terminals.

The fill factor (FF) is commonly used to denote the squareness of the IV curve.
FF = m/m 9)

]SCVOC

where Jn and Vy, are the highest voltage and current densities at maximum power
(P, respectively, which can be extracted from the diagram of I-V.

The most essential metric for a solar cell is its power conversion efficiency (n).
It is the ratio of the cell’s maximum output power to the solar power incident on it.
It is represented in terms of fill factor by the following formula.
JscXVocXFFXx100%
1000[{Wm™2]xCell Area[m?2]

n= (10)

The study begins by examining the performance of the initial solar cell
configuration with the specified doping concentrations and thicknesses displayed
in Fig. 1, as well as the physical parameters of the materials outlined in Table 1.
This preliminary analysis is critical for understanding the baseline characteristics
of the InGaP solar cell, allowing to establish a comprehensive vision of the doping
and thickness ranges that will be explored and optimised in subsequent steps. The
following stage involves systematically varying the doping concentration and
thickness of each layer in the solar cell: the window layer, the emitter layer, the
base layer, and the back surface field (BSF) layer. Each layer is modified across
various values to identify the best doping levels and thicknesses to improve solar
cell performance. Following the optimisation of each layer, the solar cell’s
performance has been evaluated and compared. This comparison involves
assessing semiconductor parameters such as the Js, Voc, Pmax, FF, 1,
photogeneration rate, and recombination rate. In addition, the external quantum
efficiency (EQE) and internal quantum efficiency (IQE) have been evaluated to
acquire a better understanding of how successfully solar cell performance is
enhanced. Finally, to ensure the quality and performance of the optimised solar cell,
its efficiency is compared to that reported in previous research in the literature.

p-AlGaAs (Window), 1 X 10'8 cm3, 0.05 um

Fig. 1. Initial InGaP solar cell configuration.
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Table 1. Material parameters used in the solar cell simulation [19].

Material INo49sGaosiP AlGaAs  (Alo7Gags)oslnosP
Lattice constant (A) 5.65 2.09 5.65
Energy bandgap (eV) 1.9 11.7 2.4
Permittivity 11.62 3.53 11.7
Affinity (eV) 4.16 2122 42

e- mobility MUN (cm?/Vs) 1945 67.6 2150
h+ mobility MUP (cm?/Vs) 141 1.58e¥® 141

e- density of states NC300 (cm?)  1.3e% 1.5e% 1.2e%°
h+ density of states NV300 (cm®)  1.28e'° 1e® 1.28e%
Lifetime (electrons) TAUN (s) 1e? 2e8 1e?
Lifetime (holes) TAUP (s) le?® 2.09 le?®

3. Results and Discussion
3.1. Initial solar cell

Figure 2 shows the J-V plot of the initial solar cell as it is retrieved using the Silvaco
ATLAS Simulator. From the 1-V characteristics, it is found that the Js is 17.44
MA/cm?, Vo is 1.27 V, Pmax is 18.4 mW/cm?, FF is 82.95%, and 7 is 18.43%.
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Fig. 2. J-V plot of the initial InGaP solar cell.

Figures 3(a) and (b) depict the photogeneration and recombination rates of the
InGaP solar cell, respectively, to gain a deeper comprehension of its initial behaviour.
The data presented in Fig. 3(a) indicates that the rate of photogeneration of charged
carriers is highest in the upper region of the window, followed by an exponential fall as
one moves down the emitter and base regions. Notably, the value of photogeneration
increases to a new maximum at the base-BSF boundary. Subsequently, it exhibits a
linear decline as it traverses the BSF layer, ultimately reaching its minimum value at
the rear surface of the cell. The observed abrupt increase in the photogeneration rate at
the boundary layer of the BSF indicates that AlGalnP possesses a notable ability to
confine the photogenerated carriers within the cells effectively.

According to Fig. 3(b), the initial cell exhibits an extremely low carrier
recombination rate through the window, which can be attributed to its ability to
mitigate carrier recombination on the cell's surface. Subsequently, there is a slight
rise in recombination in the emitter. In the base region, the recombination rate
exhibits a linear increase until reaching its maximum value, after which it decreases
to its minimum value at the base-BSF boundary. The carrier recombination rate
reaches its highest point in the middle of the BSF layer and then decreases to a
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minimum rate near the outer boundary of the cell. Comparably, the base region
exhibits the lowest generation rate of the carriers and the highest recombination
rate. Meanwhile, the InGaAIP BSF layer remarkably impacts recovering the
electron-hole pairs toward the active region of the solar cell and minimising the
carriers’ recombination at the rear side of the cell [20].
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Fig. 3. (a) photogeneration rate and (b) recombination
rate versus cell depth of initial InGaP solar cell.

3.2. Optimising the window

The window layer facilitates the absorption of photons with more incredible energy
by enabling the transmission of long-wavelength photons to the layer’s underneath it.
Therefore, it is imperative to regulate the doping concentration and thickness to
improve the quantity of photogenerated charges that contribute to the cell's output
current, thereby augmenting its efficiency. The window layer's doping concentration
is systematically adjusted from 1x10'® cm to 1x10% cm, while the thickness is
changed from 0.05 pum to 0.1 um. The remainder of the regions' parameters remain
unaltered from the original cell. Figure 4 illustrates the relationship between
conversion efficiency and the window layer’s doping level and thickness. Figure 4(a)
demonstrates that the efficiency is improved by raising the doping concentration,
which is attributed to the enhanced passivation of the front surface of the cell and the
reduction of surface recombination. The layer achieves its maximum effectiveness at
a doping level of 1x10?! cm3. At a higher amount of doping, the layer may exhibit
excessive conductivity, leading to the shunt of current away from the active portion
of the cell, thus resulting in a decline in efficiency [21].

Figure 4(b) demonstrates a decrease in efficiency with the increase of the
window thickness. The efficiency decrement is attributed to a reduction in the
intensity of photons that reach the active part of the cell, where the majority of
electron-hole pair formation takes place. As a result, less window layer thickness
is recommended. According to Fig. 4, the ideal doping level in this work is 1x10?
cm 3, and the best thickness is 0.05 um.

The J-V characteristics are plotted using the optimal thickness and doping
concentration values of the window layer, as depicted in Fig. 5. In comparison to
the initial cell, the Js rises from 17.44 mA/cm? to 18.46 mA/cm?, the Vo is
unaffected, the Pmax rises from 18.4 mW/cm? to 19.57 mW/cm?, the FF slightly rises
from 82.95% to 83.19%, and the conversion 1 rises from 18.43% to 19.6%.
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Fig. 4. Efficiency of InGaP solar cell versus
window’s (a) doping and (b) layer thickness.
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Fig. 5. J-V curve of optimised window layer of the InGaP solar cell.

Figure 6(a) demonstrates that after adjusting the window layer, photogeneration
rates in all layers are identical to the starting cell. In contrast, the window layer's
recombination rate increases and peaks in its middle, then decreases at the emitter layer
boundary (as shown in Fig. 6(b)). The growth of the recombination value in the upper
side of the solar cell is correlated to the window doping increases relative to the initial
cell during layer optimisation. This causes defects and trap states in the forbidden region
that catch electrons and holes and recombine them non-radiatively [22].
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Fig. 6. (a) photogeneration rate and (b) recombination rate along
the InGaP solar cell depth after optimising the window layer.

Journal of Engineering Science and Technology =~ December 2024, Vol. 19(6)



2198 A. A. Saif

3.3. Optimising the emitter

The study examines the influence of doping level on emitter doping by changing its value
from 1x10 cm™ to 9x10'® cm3. Figure 7(a) demonstrates that the efficiency exhibits a
marginal increase until reaching its peak value of 19.64% at 3x10%® cm?® doping
concentration and falls for higher concentrations. When emitter doping increases, it
creates a doping concentration gradient that raises the electric field within the boundaries
of the solar cell layers. This gradient promotes the quick separation of electron-hole pairs,
reducing the chance of recombination and increasing solar cell efficiency [23, 24]. Doping
at a certain level may cause an increase in recombination rate due to material defects. This
may result in a decline in solar cell efficiency.

As light enters a solar cell, electron-hole pairs are produced in the absorber
layer. Then, the electron-hole pairs separate, with electrons flowing toward the
front electrode and holes heading toward the cell's back contact. The thickness of
the emitter layer affects the distance electrons must travel before reaching the
external circuit. The impact of emitter thickness is studied by altering between 0.1
and 1 um. Figure 7(b) shows that cell efficiency increases until it reaches 21.42%
at 0.6 um, then decreases as thickness increases. If the emitter layer is too thin, it
may be unable to capture all the carriers generated in the absorber layer properly;
thus, increasing the emitter thickness improves cell efficiency. When the thickness
of the emitter layer surpasses a certain threshold, some electrons may recombine
with holes before entering the external circuit. This reduces the efficiency of the
solar cell. Figure 7 shows that the optimum doping concentration is 3x10'® cm3
and the optimal thickness is 0.6 um, respectively.

Figure 8 shows the J-V plot of the InGaP solar cell after optimising the emitter’s
doping level and thickness. In comparison to the initial cell, the Js rises from 17.44
mA/cm? to 18.74 mA/cm?, the Vo weakly rises from 1.27 V to 1.30 V, the Pmax
rises from 18.4 mW/cm? to 21.39 mW/cm?, the FF value increases from 82.95% to
87.57%, and m rises from 18.43% to 21.42%.

Figure 9 shows that after optimising the emitter, the optimised window cell
exhibits similar behaviour in terms of photogeneration and recombination rates.
Compared to the initial cell, the photogeneration rate has not changed. However,
recombination within the emitter occurs faster than in the original cell. This
increase is proportional to the width of the emitter after optimisation relative to the
starting cell. Increased emitter thickness increases the distance charge carriers must
travel to reach the junction, resulting in a shorter carrier lifetime. This increases the
possibility of the charge carriers recombining along the way [25].
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Fig. 7. Efficiency of InGaP solar cell vs. the emitter (a) doping and (b) thickness.
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Fig. 8. J-V plot of InGaP solar cell after optimising the emitter layer.
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Fig. 9. (a) photogeneration rate and (b) recombination rate as a function
of cell depth of InGaP solar cell after optimising the emitter layer.

3.4. Optimising the base

The base layer is critical to the operation of the solar cell because it creates the electric
field required to separate the electron-hole pairs produced by incident sunlight. The
magnitude of this electric field is proportional to the doping level of the base. To
examine the impact of the base doping level on efficiency, the value is changed from
1x10% cm® to 1x10%° cm3, Figure 10(a) illustrates how cell efficiency varies with base
layer doping level. The efficiency increases until it reaches the highest value of 21.78%
at 1x10® cm™ doping, then falls as the doping level increases [26]. At lower doping
concentrations of the base layer, the electric field would be strong enough to separate
electron-hole pairs efficiently. When the concentration exceeds 1x10® cm3, the electric
field becomes excessively strong, leading to increased electron-hole recombination and
decreased solar cell efficiency.

Furthermore, the base absorbs the majority of light and collects the majority of
photogenerated carriers. Thus, its thickness has a significant impact on cell
efficiency. To study the influence of base thickness on InGaP cell efficiency, a
range of 0.3 to 1 um is employed. The results in Fig. 10(b) show that the efficiency
improves with the base thickness till reaching the highest value of 26.02% at a
thickness of 0.5 um, then it falls as the thickness increases. As the base thickness
rises, more photogenerated carriers are collected. When the thickness crosses a
specific threshold, the probability of carrier recombination increases, consequently
lowering the efficiency of the solar cell. After optimising the base region, the ideal
thickness and doping values are 1x10® cm and 0.5 um, respectively.
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Fig. 10. Efficiency of InGaP solar cell versus
the base (a) doping and (b) thickness.

The J-V curve of the InGaP solar cell after optimising the base layer is extracted
and plotted, as illustrated in Fig. 11. The Js rises from 17.44 mA/cm? to 21.19
mA/cm?, the V. rises from 1.27 V to 1.37 V, the Pma rises from 18.4 mw/cm? to
26.25 mW/cm?, the FF value rises slightly from 82.95% to 90.35%, and n rises
from 18.43% to 26.28% in comparison to the initial cell.
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0.0 05 1.0 15
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Fig. 11. J-V curve of InGaP solar cell after optimising the base layer.

Again, the cutline of the photogeneration throughout the InGaP solar cell after
optimising the base layer is depicted in Fig. 12(a). The recombination rate cutline
in Fig. 12(b) shows some decrement in the rate within the base layer as compared
to the initial cell. This is due to the base thickness reduction, thus reducing the
distance that the carriers need to travel to reach the junction, where they can be
separated and supplement the total current of the cell. This minimises the
recombination probability of the charge carriers along their path.
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Fig. 12. (a) photogeneration rate and (b) recombination rate
versus InGaP solar cell depth after optimising the base layer.
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3.5. Optimising the BSF layer

The BSF layer generates an electric field on the cell’s rear side, which repels
minority carriers and reduces their recombination. The optimisation of BSF doping
in the InGaP solar cell is an essential procedure because of its significant influence
on the efficiency of the cell. This is achieved by examining the variation in doping
levels from 1x10% cm™ to 1x10%*° cm. According to Fig. 13(a), increasing the
doping concentration improves cell efficiency. This increase is due to the growing
electric field, which decreases the recombination rate and enhances efficiency.

Optimising the BSF layer thickness is crucial for maximising the efficiency of
the InGaP solar cell. Figure 13(b) shows the effect of the thickness variation, varied
from 0.1 to 1 um, on the solar cell efficiency. A thicker BSF layer results in much-
improved cell efficiency. As the BSF layer thickness rises, the rate of carrier
recombination at the cell's rear surface lowers. This is because the BSF layer
contains a more significant concentration of dopants towards the back surface,
reducing minority carrier density and improving charge carrier collection [27]. As
a result, it enhances the cell performance.

N0

@ (b)

Fig. 13. Efficiency of InGaP solar cell
versus BSF (a) doping and (b) thickness.

After Optimising the base layer, the J-V plot of the InGaP solar cell is extracted,
as shown in Fig. 14. The Js increases from 17.44 mA/cm? to 25.8 mA/cm?, the V.
rises from 1.27 V to 1.38 V, the Pma enhances from 18.4 mW/cm? to 32.05
mW/cm?, the FF value enhances from 82.95% to 90.24%, and v improves from
18.43% to 32.09% in comparison to the original cell.
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Fig. 14. J-V curve of InGaP solar cell after optimising the BSF layer.
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Again, no change in the photogeneration rate is seen throughout the cell
structure after optimising the BSF layer, as shown by the photogeneration rate
cutline in Fig. 15(a). However, the recombination rate cutline of the cell after
optimising the BSF layer reveals an increase in recombination relative to the
original cell, as seen in Fig. 15(b). The high recombination rate is associated with
the rise in the doping level and thickness of the BSF layer after optimisation
compared to the starting cell. The increase in the BSF doping leads to a surge in the
non-radiative recombination, as discussed earlier, and the rise of BSF thickness
leads to increases in the distance of the carriers to travel to be collected at the back
contact, increases the probability of carriers’ recombination rate.
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Fig. 15. (a) photogeneration rate and (b) recombination rate
versus the InGaP solar cell depth after optimising the BSF layer.

EQE and IQE simulations have been performed to provide detailed information
on the usable wavelength range of the InGaP solar cell. EQE is the percentage
between the number of carriers a solar cell gathers and the number of photons
impinging on it [28]. IQE is the ratio of electron-hole pairs generated to photons
absorbed inside the cell's active layer [29]. Figure 16 displays the change in EQE
and IQE of the InGaP cell under AM1.5G illumination after optimising each area.
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Figure 16. (a) EQE and (b) IQE as a function of irradiation
wavelength of InGaP solar cells at different optimising steps.

The InGaP solar cell mainly absorbs photons with wavelengths ranging from
0.3 pm to 0.65 um, which corresponds to its energy bandgap. The initial cell
exhibits a negligible EQE at a wavelength of 0.3 um. However, following the
optimisation of the cell's layers, the EQE at the same wavelength is approximately
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26%, suggesting an enhancement in the cell's efficiency. The initial cell and the cell
after optimising the window achieve a maximum EQE value of approximately
95.6% at a wavelength of 0.5 um. However, this value declines linearly to 85% at
a wavelength of 0.6 um. When the emitter, base, and BSF layers are optimised, the
solar cells exhibit a peak EQE of 96.8% at a wavelength of 0.5 um. However, this
decreases to 93% at a wavelength of 0.6 um. This suggests that by optimising the
doping and thickness of the emitter, base, and BSF layers, the response of the InGaP
solar cell to incident light within the energy bandgap is significantly enhanced. At
wavelengths beyond 0.65 um, the EQE of all cells decreases to a relatively low
magnitude. The IQE has a rate of change similar to that of the EQE. However,
wavelengths beyond 0.65 pm demonstrate higher values that may be attributed to
enhanced carrier movement in the BSF layer [12].

Table 2 presents the enhancements in the characteristics of the InGaP solar cell
after optimising each region in the present study. The efficiency of the
homojunction Ing4Gaos:P solar cell in the present study is compared to the
reported values in the existing literature, as shown in Table 3. The high efficiency
of our optimised solar cell is attributed to the proposed structure, large-scale
variation of the thickness and doping concentration of the layers, and the use of the
high-energy bandgap AlGalnP as the BSF layer that enhances the confinement of
photogenerated carriers within the cell and minimise the recombination rate of the
minority carriers, which in turn increases the photogenerated carriers that
contribute to the output photocurrent.

Table 2. Electrical parameters of InGaP
solar cell after optimising each layer.

Initial After After After After

Parameter solar optimising optimising  optimising optimising
cell the window  the Emitter the Base the BSF

Jsc (MA/cm?) 17.44 18.46 18.74 21.19 25.8
Ve (V) 1.27 1.27 1.30 1.37 1.38
Pmax
(MW/cm?) 184 19.57 21.39 26.25 32.05
FF (%) 82.95 83.19 87.57 90.35 90.24
1 (%) 18.43 19.6 21.42 26.28 32.09

Table 3. Comparison between the optimised single junction
InGaP solar cell and other cells from the literature.

Researcher Efficiency Type of Study
Takamoto et al. [8] 17% Experimental
Chang et al. [9] 15.91% Experimental
Dai et al. [10] 16.6% Experimental
Benlekhdim et al. [11] 18.55% Simulation
Vermaetal. [12] 21.59% Simulation
Soley and Dwivedi [13] 13.42% Simulation
Charane et al. [14] 23.73% Simulation

Sodabanlu et al. [30] 15.26% Experimental
Sodabanlu et al. [31] 15.84% Experimental

Sayed and Bedair [32] 14.7% Simulation
Djaafar and Hadri [33] 21.87% Simulation
Current work 32.09% Simulation
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4,Conclusions

A single-junction InGaP solar cell configured with AlGaAs (window layer), p-type
InGaP (emitter layer), n-type InGaP (base layer), and AlGalnP (BSF layer) has
been modelled using Silvaco TCAD. The effect of altering the doping level and
thickness of the cell's layers on the electrical characteristics, photogeneration rate,
and recombination rate has been thoroughly investigated. The results show that the
efficiency gradually increases from 18.43% to 32.09% as the layers are
subsequently optimised. The high efficiency of the optimised homojunction
Ino.49Gao 51P solar cell in the current study is due to an innovative structural design,
careful control over layer thickness and doping concentrations, and strategic use of
AlGalnP as the BSF layer. These characteristics improve carrier confinement,
reduce recombination losses, and maximise output photocurrent, resulting in
improved performance compared to existing solar cells described in the literature.
This study emphasises the necessity for more research into the possibility of large
band gap InGaP as an appealing active material for solar cells in the coming years.
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Nomenclatures

FF Fill factor, %

Jsc Short circuit current, mA/cm?
Pmax Maximum power, m\W/cm?
Voc Open circuit voltage, V

n Conversion efficiency, %

Abbreviations

BSF Back Surface Layer
EQE External Quantum Efficiency
IQE Internal Quantum Efficiency

TCAD Technology Computer-Aided Design
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