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Abstract

Purpose: This study aims to improve the
performance of perovskite FAPbl 3
(formamidinium tri-iodide)-based solar cells
by modifying some of the solar cell layers.

Materials and Methods: In this research
SCAPS 1-D program was relied upon in the
approved solar cell simulation which is a
computer software used to simulate one-
dimensional solar cell designed at the
University of Gent Electronics and
Information Systems in Belgium.

Findings: In this study, suitable buffer layers
were added, which led to an improvement in
the cell&#39;s output .The best buffer layer
was STO, which gave the best results of 1
(27.34%), VOC (1.30V), JSC (28.35 mA/cm
2 ), and FF (73.66%). Then the back
reflection layer was changed. An increase in
open-circuit voltage, short-circuit current,
and fill factor was observed. The layer
consisting of CuScN (copper selenium
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nitride) gave the best results of JSC (28.35
mA/cm 2 ), VOC (1.45 V), FF (75.85%), and
conversion  efficiency 1 (31.21%).
Subsequently, a second absorbing layer was
added to the cell between the reflection layer
and absorbing layer, leading to an increase in
the solar cell&#39;s conversion efficiency.
The layer that gave the best results was
Sb2Se3 (antimony selenide), achieving JSC
(38.71 mA/ecm 2 ), VOC (1.45 V), FF

(78.45%), and conversion efficiency
(44.29%).

Implications to Theory, Policy and
Practice:The compounds

(CdS,STO,TiO2,V205,WS2,Zn0O) can be
used as a buffer layer with a power gap
between (1.8-3.3 eV) and have a suitable
interface for the FAPDI3- based solar cell.

Keywords: Solar Cell, Buffer Layer, Fapbi3,
Reflection Layer, Scaps-1D, Converter
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INTRODUCTION

The urgent need to find high-performance and low-cost materials for photovoltaic applications led
researchers to undertake a new study Absorption Materials for Solar Cell Applications. Materials
used to manufacture perovskite solar cells have notable characteristics such as high optical
absorption capability [1]. Long electron- hole length, low binding strength of exciton, high energy
conversion efficiency (PCEs), which is easy to process. [2,3]. To the date, the PCE of PSCs has
been reached from 3.1 % to 25.7 % for the single junction and to 31.3 % for the tandem architecture
[4]. Due to those traits, PSCs have become a research Point of attraction in the field of
photovoltaics. Some studies have found PCEs of PSCs as high as 25.5% [5], which can be
compared to silicon-based solar cells and indicate wide development possibilities of PSCs. The
perovskite solar cell based on formamidinium tri-iodide (HC(NH2)2PbI3 or FAPbI3) achieved
high thermal stability [6].

Moreover, FAPbI3 has an energy gap of 1.48 eV, which is more suitable for capturing the solar
spectrum [7]. In recent years, studies on the perovskite layer are mainly focused on the
formamidinium lead iodide phase (FAPDbI3) because it has along carrier lifetime and wide
absorption range to enhance the open circuit voltage (VOC) and short circuit current density (JSC)
of PSCs [8,9]. Besides, the exploitation of the monocrystalline device with very low defect density
was also reported to achieve high performance PSCs. Charge transport layers (HTL &ETL) have
great effect of enhancing PCE during extraction of holes (h +) from absorption layer and electron
generation (e—).

To achieve best PSC performance, a suitable combination of available electron transfer material
(ETL) and holes transport material (HTL) should be checked along with the absorption layer. The
recently widely used HTL is spiro OMeTAD of organic nature [10]. Back reflection layer where it
works to reflect the photons that pass-through Absorption layer increases concentration of charge
carriers and reduces recombination, increases the photon current [11]. The main role of the buffer
layer in solar cells with absorption layer (FAPbI3) is to form an interstitial surface with the
absorption layer, and connect maximum light to the absorption layer area [12]. This layer must
have less of a loss of absorption and be able to take out the light current carriers created using
minimal recombination losses, and transfer them to the outer circuit with minimal electrical
resistance. To obtain high-performance photovoltaic cells with minimal loss of resistance, the
energy gap of the buffer layer is better high in order to allow the passage of the maximum load
carriers to the absorbing layer, which should improve the buffer layer because it aligns the energy
gap between the absorption layer and the window layer [13]. This research addresses comparing
the cell practically manufactured by the researcher and theoretically comparing it after inserting
all the parameters used in its design into the SCAPS program, in order to determine the credibility
of the simulation program. Thus, the theoretical cell was improved by adding ETL buffer layers
and BSL reflective layers thereafter, adding a second absorption layer between the reflection layer
and the absorption layer and studying the extent to which it affected the solar cell's performance.

Modeling
Numerical Simulation in SCAPS-1D

In this research SCAPS 1-D program was relied upon in the approved solar cell simulation which
is a computer software used to simulate one-dimensional solar cell designed at the University of
Gent Electronics and Information Systems in Belgium. Through the SCAPS 1-D program, the
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characteristics of the solar cell consisting of seven layers can be obtained as a maximum and know
the thickness, vaccination and defects and their impact on the work of the cell and obtain the
characteristics of the current-voltage (I-V)and characteristics (C-V)and quantitative efficiency
(QE)as well as properties (C-F) as well as solar spectrum type can be selected (multiple spectrums
or single spectrum) Store and load all cell settings and can by SCAPS 1-D program draw curves
like curve (I-V) and (QE) [ 14 ]. as well SCAPS 1-D can solve the Poisson equations and continuity
in semiconductors and uses the Newton- Irvson method, carrier transport equations and two drift
current and diffusion intensity equations. We start by writing the Poisson equation: [15]

VE) =T —n 4 N* = N) o1

. D A

where E represent the electrical field, q represent is elementary charge, € represent is permittivity
of the absorber, n(p) represent is density of electrons (holes), and ND (NA) is donor (acceptor)
concentration. Then, we can write the continuity equations for electrons and holes by equation:[16]

dp, 1
L= T VD6 =R e a2
i 1

Where G (Gp) is electron (hole) generation rate, J» (Jp) is electron (hole) current density, and Rn
(Rp) is electron (hole) recombination rate.

Finally, the charge carrier equations for the density of diffusion current and drift can be obtained
from the following equations [17].

where pn (Up) is electron (hole) mobility and D is the diffusion coefficient.

Through solar cell output, the cell's work can be recognized and distinguished from the rest of the
solar cell and consists of four outputs It is the voltage of the open circuit (Voc) and the short current

circuit (Jsc) fill factor (FF) from which the efficiency of the solar cell can be determined (1) and
the current passing through the cell is given the following relationship [18].

Where K is the Boltzmann constant, T is the temperature measured in Kelvin, (I) Current of load
and (I.) the luminescence current. To calculate the open circuit voltage (Voc) which is at its
highest value when the current is zero and according to the following equation.

KT Li KT Li

https://doi.org/10.47672/ejps.2616 11 Kamil (2025)


http://www.ajpojournals.org/

ﬁ
European Journal of physical Sciences A J P @
ISSN 2788-8223 (Online)

Vol.8, Issue 1, pp 10 - 28, 2025 WWWw.ajpojournals.org
Voc= [n(  —D=In(—=) w7
q 1 q I

Where (lo) is the reverse saturation current and is calculated from the following equation.

Io = DT3 exp [— E qDen? qDnn?
) 1=A] 4 e 8
K LN LN
T

Where Eg the energy gap, (Le, Lh) length of diffusion of electrons and holes, A cross- sectional

aera of the diode. The relationship between the open circuit voltage and the short circuit current is
given by the following equation.

Isc = I [ev0c /KT _ 9] o9

The filling factor is the ratio between maximum electrical power and maximum current and voltage
density that can be generated by the cell. fill factor can be calculated by following equation.[19]

Pm
FF = ax
P:...
..10
Solar cell efficiency can be calculated from the following relationship:
PmVoc. Jsc. B
__P:
Pt

quantum efficiency is inversely proportional with wavelengths, depending on the equation (12).
Ra
Qr = 1.24 TRV VRTRRTRRTRRN I

https://doi.org/10.47672/ejps.2616 12 Kamil (2025)
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FF Fill factor, n cell efficiency, Jsc short-circuit current, Voc open circuit voltage, Vmax
maximum voltage, Imax maximum current, Pmax maximum power, Pin input power (R))
represents the responsive of back surface layer, (L) the wavelength [20].

Solar Cell Structure

The solar cell structure is composed of (glass / ITO / SnO2 / FAPbI3 / Spiro-OMeTAD /Au)
as shown in figure 1. ITO is the window layer of transparent metal oxides and has a relatively
large energy gap of about (3.6 eV). Then, the buffer layer SnO2 has a suitable energy gap and
it works on tuning between the absorption layer and the window, which is at a limit (3.6 eV)
[71.

Then comes the FAPDI3 absorption layer, which has a relatively small energy gap that has

about (1.5 eV). Then it is followed bake reflection layer Spiro-OMeTAD and it has energy gap
an about (2.9 eV) [21]. also, this cell has an ohmic front contact and back Schottky gold contact
with work function of the about of (5eV) [22]. And we also do not forget that the cell is
deposited on the ground from glass and figure (1) showed the structure of the solar cell. Table
(1) shows the values of the parameters that were entered in the program to study theoretical
cell performance and compare it with the experimental side of the parent cell [23].

Figure I Device Structure

https://doi.org/10.47672/ejps.2616 13 Kamil (2025)
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Parameters symbol ITO [24,25] Sn0O2[26,27] FAPbI3 [7] Spiro-

(unit) OMeTAD
[28,29]

Thickness W(um) 0.100 0.100 0.800 0.300

Bandgap Eg (eV) 3.6 3.6 1.5 2.9

Electron x (eV) 4.100 4.500 4 2.2

affinity

Dielectric €r 10.000 9 6.6 3

permittivity

CB effective Nc(em™) 2200 E+18  2.200 E+18  1.200 E+19  2.500 E+20

density of

states

VB effective Nv(cm™)  1.800 E+19  1.800 E+19  2.900 E+18  2.500 E+20

density of

states

Electron Vi(cm/s) 1.000 E+ 7 1.000 E+ 7 1.000E+ 7 1.000E+ 7

thermal

velocity

Hole thermal Vp(cm/s) 1.000 E+7 1.000 E+ 7 1.000E+ 7 1.000E+ 7

velocity

Electron Un(cm?/v.s) 1.000 E+2 1.000 E +2 2.700 E+0 2.100 E-0

mobility

Hole mobility  pp(cm?/v.s) 2.500E+18 2.500 E+19  1.800 E+0 2.600 E-3

Shallow ND (1/cm® 1.000 E+18  5.000 E+19 0 0

uniform donor )

density

Shallow NA 0 0 1.000 E+18  1.000 E+18

uniform (1/cm?)

acceptor

density

FINDINGS

Comparing Experimental Cell Results with Theoretical Results

The experimental results of the cell were matched with the simulation results in the beginning
to ensure the reliability of the simulation program, simulation was done for practical research
[23] with the theoretical results was performed was done using SCAPS-1D software. The
results showed a high match between the practical and theoretical aspect and this is shown in
Table 2.

Table 2 A Comparison Between the Experimental and Theoretically

No Solar cell voc (V) JSC (mA/cm?) FF% n%
1 (experimental) 1.01 21.65 75.27 16.6
2 (theoretical) 1.04 21.75 72.88 16.6
https://doi.org/10.47672/ejps.2616 14 Kamil (2025)
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Figure 2 Curved I-V For Experimental and Theoretical Work
Impact of Adding Different Buffer Layer

The main role of buffer layer in the solar cells with absorption layer (FAPDbI3) is to form an
interface with the absorption layer. It allows passage maximum amount of light to absorption
layer [30]. This layer should be minimal absorption loss and be able to take out the light current
carriers created using minimal re-union losses. and transported to the outer circle with minimal
resistance, it is preferable that the energy gap of the buffer layer be high in order to allow the
passage of the greatest number of carriers to the absorbing layer, which should improve the
buffer layer because it aligns the energy gap between the absorption layer and the window layer
[31]. The compounds (CdS,STO,TiO2,V205,WS2,Zn0) can be used as a buffer layer with a
power gap between (1.8-3.3 eV) and have a suitable interface for the FAPbI3- based solar cell.

Table (3) shows the values of the parameters of the buffer layer used in the simulation. Solar
cells with FAPbI3 composition were studied with different layers of alignment for best solar
cell performance, where an improvement in output values (Voc, Jsc, FF, eta) was observed,
and we note that there is a discrepancy in values as the best values we obtained are using the
compound (STO) that improved the interface with the absorption layer, where it possesses an
energy gap (3.2 eV). Table (4) shows the cell output values after adding the buffer layers.
Figure (4) shows the extent to which the voltage and current curve is affected after adding
buffer layers to replace the (SnO2) layer in the original cell. Figure (4) represents the energy
levels of the cell (glass / ITO/ STO / FAPbI3/ Spiro-OMeTAD / Au) that gave the best results.
Figure (5) shows the energy levels of the cell (glass/ITO/V205/FAPbI3/Spiro- OMeTAD /Au)
that gave the lowest level of conversion efficiency.

https://doi.org/10.47672/ejps.2616 15 Kamil (2025)
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Tabel 3 Parameters of the Buffer Layer Used in the Simulation Solar Cells

symbol Cds STO ZnO V205  WS2

. Ti 2

Parameters (unit) [3233] [3435] 'O2 sl 13g]  [37-39]
Thickness WM 5100 000 0100 0001  0.100  0.100
Bandgap EgEV) 44 3.2 320531 3.3 2.3 1.8
Electron affinity v (V) 4.200 4 4[53] 4.45 3.99 3.9
Dielectric r
permittivity 9.000 8.7 10[53] 9 4.28 13.6
CB effective (cm-3)N
density of states ©1x10"® 1.7x10°  2x10" 2x10"® 2.2x10"™ 2. x10%
VB effective (cm-3)N
density of states ' 1x10®  2x10®  2.5x10"® 1.8 x10” 1.8 x10" 2 x10%
Electron thermal (Ccm/s)V
velocity "o1x10” 1x10"  1x107  1x10"  1x10"  1x107
Hole thermal

. vioCemsIVe g0 1x10? 1x107 1x107 1x107 1 x107
elocity
Electron (cm2/v.s)
mobility S50 53x10° 50 1x10° 126  1x10°

. )

Hole mobility  (Cm2V.s)e 55 g oyge2 50 25 34.5 1 x10?

Shallow uniform ND (1/cm?®
donor density ) 1x10  2x10™®  1x10"7  1x10®  1x10Y  1x10"

Shallow uniform

3
acceptor density NA (T/en)

0 0 0 0 0 0

Table 4: Output Values of the Solar Cell After Adding the Insulating Layers

Materials VOC(V) JSC (mA/cm?) FF % n%

CdS 1.28 28.37 73.13 26.73
STO 1.30 28.35 73.66 27.34
TiO2 1.30 28.35 73.61 27.19
V2 05 1.16 21.53 73.44 18.35
WS2 1.30 28.33 73.67 27.31
Zn0O 1.30 28.36 73.67 27.33

https://doi.org/10.47672/ejps.2616 16 Kamil (2025)
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Figure 4 Energy Band of the Cell (Glass / ITO / STO / Fapbi3/ Spiro-Ometad / Au)
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Figure 5 Energy Band of the Cell (Glass / ITO / V205 / Fapbi3/ Spiro-Ometad / Au)

Figure (6) illustrates the quantum efficiency (QE%) of the optimized cells compared to the
original cell. It is observed that the change occurs within the confined range of 350 nm to 850
nm. This change is attributed to the energy gap of the buffer layers, which ranges from 1.8 eV

https://doi.org/10.47672/ejps.2616 17 Kamil (2025)
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to 3.3 eV, as described by equation (12). In other words, the buffer layers are transparent to
wavelengths greater than 850 nm, allowing a higher number of photons to be absorbed by the
absorption layer [40].

QE% ]
Cds
1.20E+02 7
Zn0
STO
1.00E+02 1
Tio2
2.00E+01 W2
original cell
G 00E+01
AH0E+01
LL
C
2.00E+C1
CLO0OE+00 T T ¥ T T 1
130 200 500 Joo Qo0 1100 1200 1500

-2.00E+01 ~
wavelength (nm)

Figure 6 Wavelength Relation with Quantum Efficiency for Different Buffer Layer with
Original Cell

Impact Adding a Back Surface Layer (BSL)

After changing the original cell buffer layers and selecting the layer that gave the best results
is the STO layer ((glass/ITO/STO/FAPbI3/ Spiro-OMeTAD /Au)), we will study the effect of
adding Various outer layer (BSL) with the following chemical compositions (CuO,CdTe,
CuScN, PEDOT: PSS, MoSe2,M0S2), cell parameters for absorption, and buffer and window
layers constant. Table (5) shows the parameters of the back surface layer, where the best BSL
was shown to be the CuScN, due to the low energy gap which reduces the height of the potential
barrier and reduces the recombination of minority carriers upon back contact where it is evident
that the effect of these layers on the cell will increase exchange efficiency and fill factor, as the
surface layer reflects photons to the absorption layer, increases the number of charge carriers
and reduces the recombination of the surface layer thus making the connection more ohmic
and conducting the photo-current high [41]. Figure (7) shows the current-voltage curves and
Table 6 shows the outputs of the improved cell after adding the different reflection layers.

https://doi.org/10.47672/ejps.2616 18 Kamil (2025)
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Table S The Physical Parameters of the Back Surface Layer (BSL)

Parameters symbol CdTe | CuO | CuCSN | MoSe2| MoS2[45] PEDOT:
(unit) [42] [43] [44] [43] PSS
[46]
Thickness W(m)
0.100 0.100 | 0.100 000.1 | 0.100 0.100
Bandgap Eg (eV) 1.4-19
2.1 34 1.3 2.3 1.8
Electron affinity v (V) 4.28
3.2 1.9 4.32 3.99 3.9
Dielectric permittivity| er 9.4
7.11 10 7.29 4.28 13.6
CB effective density| (cm—3)Nc | 7.5 x10,; xio2 ;quIO_I 19x 1017
of states ' ' 2.2x10" | 2 x10"®
VB effECtIVE denS|ty (Cm_s)NV 1.8 X].Olg X%O5 )5505 15)(5020 1 8X1019 XJ’O 0
of states ' ' ' -
Electron thermal (cm/s)Vn | 1x10, | 1x10;, | 1x10, | 1x107 | 1x10, [1x10
velocity
Hole thermal| (cm/s)Vep | 1x10, | 1x10, | 1x10, | 1x107 | 1x10, [1x10,
veloc
ity
Electron mobility (cm2/v.S)un| 500 1 x10_4 xao o xJ[O -
3.4 1.26
Hole mobility (cm2/v.s)up| 60 ) x10_, xao 4 erO -
34 34.5
Shallow uniform| ND (1/cm?) 0 0 0
donor density 0 0 0
Shallow uniform| NA (1/cmd) 1 <102
acceptor density 1x10™ | 1x10™ | 1x10" | 1x10"7 | 1x10"7
Table 6 Shows the Results Obtained When Adding a Back Surface Layer
Materials VOocC (V) JSC(mA/cm?) FF % N%
CuO 14 28.35 75 30.47
CdTe 1.18 28.35 78.96 26.62
CuScN 1.45 28.35 75.85 31.21
PEDOT: PSS 1.36 28.35 73.45 28.51
MoSe2 1.12 28.18 78.62 24.92
MoS2 111 28.35 78.96 24.95
https://doi.org/10.47672/ejps.2616 19 Kamil (2025)
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Figure 7 Current-Voltage Curves after Adding Different BSL Layer

To assess the impact on quantum performance (QE), defined as the quantity of electron-hole
pairs generated in response to incident light on the solar cell, Figure 8 illustrates the QE values
before and after reintroducing surface layers to the cell. The quantum efficiency of the system
demonstrates a significant progression, starting at 57% at a wavelength of 300 nm and
gradually increasing to 100% at 350 nm. This observed trend is attributed to the pronounced
absorption of photons from the reflection layer, particularly those with longer wavelengths. It
is noteworthy that the quantum efficiency bears a resemblance to the square [47]. The optimal
for solar cell operation involves performance followed by a gradual decrease in efficiency,
ultimately reaching zero at the wavelength of (850nm). This decline can be attributed to the
low diffusion length and the fact that absorption becomes zero at longer wavelength. Regarding
the cell prior to the reintroduction of surface layers, it is observed that the quantum efficiency
curve starts to decrease at the wavelength (380nm) and continues until it reaches zero at the
wavelength (850nm).

% QE

1.20E402 -
o 1.00E+02 4 W ﬁ\
CdTe 8.00E+01 -
CuScN g 6.00E401 -
PEDOT:PSSI 3 4.00E+01 -
Mo2Se2 2.00E401 -
~Mos2 0.00E+00 : : : : : : ,

—— original cell 3)0 400 500 600 700 800 900 1000
-2.00E+01
wavelength (nm)

Figure 8 Wavelength Relation with Quantum Efficiency for Different BSL Layer with Original
Cell
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Effect of Adding a Second Absorbing Layer

In order to enhance the performance and efficiency of the optimized solar cell, we will study
the addition of absorption layers to the cell and evaluate their impact on its performance.
Among these absorption layers are CsPbl3, CsSnl3, (FA)2BiCul6, FASnI3, Sb2Se3. Table7
illustrates the parameters for the absorption layers that have been added, showing that
incorporating these layers into the optimized cell will increase the conversion efficiency and
enhance the fill factor. This is achieved by increasing the concentration of charge carriers,
reducing surface recombination, and improving the contact interface. Consequently, the
photocurrent increases, leading to improved cell performance and I-V characteristics. Table 8
presents the obtained results when adding the absorption layer to the optimized. The best
absorption layer that provided the highest values is Sb2Se3, located between the original
absorption layer and the reflective layer. The thickness of both the original absorption layer
and the added absorption layer is 2pum. Figure 10 shows curved voltage current after adding
second absorption layers for optimized solar cell. It is observed that the best absorption layer
added to the cell is Sb2Se3, which achieved the highest conversion efficiency of 44.29% (1), a
fill factor (FF) of 78.45%, a short-circuit current (JSC) of 38.71 (mA/cm?), and an open-circuit
voltage (VOC) of 1.45 (V).

Table 7 Optimized Cell Added Absorption Layer Parameters

Parameters symbol CsPbI3 CsSnl3 [49] (FA)2BiCul6 FASnI3 Sb2Se3 [43]
(unit) [48] [50] [51]

Thickness W(pm) 2.000  2.000 2.000 2.000  2.000

Bandgap Eg (eV) 1.69 1.3 1.55 1.4 1.2

Electron affinity x (eV) 3.95 3.7 3.7 3.52 4.04

Dielectric €r 6 25 5.27 8.2 18

permittivity

CB  effective Nc (cm™) 1.1 20

density of states x10™ 1.4 x10™% 1 x10"22 11078 2.2x10"18

VB  effective Ny (cm™) 8.2 20

density of states x107* 1.4 x10*% 1 x10721 1x10*1% 1.8 x10%19

il:;:;ln Viu(cm/s) 1 <1077 1 x1 07 11 07 11 07 I x1 07

Velocity

Hole thermal Vp(cm/s) 1.0 E E E E

velocity 00 +7 1.000 +7 1.000 +7 1 +7  1.000 +7

E}ggﬁﬁ; U (cm?/v.s) 25 0.6 o) o3 115 x10%
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Table (8) Cell Output After Adding Absorption Layers for Improved Cell

Materials VOC (V) JSC (mA/cm?) FF % Mm%
CsPbI3 1.45 28.14 75.76 30.93
CsSnl3 1.46 35.48 78.11 40.58
(FA)2BiCul6 1.45 28.16 75.56 30.76
FASnI3 1.45 31.45 76.56 35.11
Sb2Se3 1.45 38.71 78.45 44.29
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Figure 9 Curve Properties (I-V) After Adding Absorption Layer for Improved Cell

Figure 10 shows the improvement in the quantum efficiency curve, which now resembles a
square shape, indicating an ideal case for quantum efficiency. Figure 11 represents the energy
band diagram for the valence band and conduction band of the best absorption layer (Sb2Se3),
which resulted in the highest conversion efficiency and quantum efficiency. The value of the
conversion efficiency increased from 31.21% to 44.29% for the optimized cell. The reason
behind this improvement is that the added layer acts as a selective barrier, allowing the transfer
of electrons and holes from one side to another while reducing surface recombination [52]. As
a result, the number of electron carriers on the surface increases, leading to improved solar cell
performance.
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Figure 10 Curve Quantitative Efficiency After Adding Absorption Layer for Improved Cell
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Figure 11 Energy Levels for Best Absorption Layer (SbaSes) for Improved Cell Conclusions

The efficiency of triformidinium-lead solar cells (FAPbI3) can be greatly improved by adding
buffer layers and reflective layers
¢ Changing the buffer layer had a clear impact on the solar cell's performance, increasing

it short-circuit current, open-circuit voltage, and fill factor. The best-performing layer
was STO, achieving a conversion efficiency of 27.34%.

e Adding different back reflection layers to the solar cell improved its efficiency, with the
CuScN layer giving the best results of 31.21% conversion efficiency.

e The study of the effect of a second layer found that adding a second layer between the
back reflection layer and absorbing layer led to increased output values, with the solar
cell using SbaSe; achieving a maximum conversion efficiency of 44.29%.
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