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ARTICLE INFO ABSTRACT

Keywords: Although perovskite solar cells (PSCs) have shown considerable advancement in recent years, their extensive

SCAPS usage is hindered by the major challenge of ensuring long-term stability. However, the enhanced stability of 2D-

Dion-Jacobson structure Dion-Jacobson (DJ) phase halide perovskites makes them a promising alternative to the traditional 3D

Solar cells . . . P . . . . . .

Efficiency perovskites, suggesting pf)ter{tlal for broader aPphcatlon. In t.hls numerical sn'.nula.tlon, bl.llky orgam.c ammonium

Perovskite spacer pentamethylenediamine (PeDA) was incorporated into DJ perovskite films with four different layer
numbers (n = 3, 4, 5, and 6), which correspond to PeDAMA,Pbsl;g, PeDAMA3Pbyl;3, PeDAMA4Pbsl; 6, and
PeDAMASsPbgly g, respectively. Various parameters were adjusted to assess their impact on device performance. A
current density-voltage (J-V) characterization was conducted for each value of n to compare their efficiencies.
The number of layers was found to significantly influence efficiency, with the highest performance achieved at n
= 6, resulting in an open-circuit voltage (Voc) of 1.27 V, a short-circuit current density (Jsc) of 22.83 mA/cmz, a
power conversion efficiency (PCE) of 21.17%, and a fill factor (FF) of 72.72%. These results demonstrate the
potential of DJ perovskite solar cells with PeDA spacers as stable and efficient alternatives for photovoltaic
applications.

1. Introduction physics of the cells, and progress in the manufacturing process [10-15].

Dion-Jacobson (DJ) PSCs have been identified as a potential photo-

These cells have gained significant attention in recent years due to
their high efficiency, low cost, and potential for scalability. One of the
main advantages of perovskite solar cells is their high efficiency [1-5].
In just a few years, scientists have increased the efficiency of PSCs from
4% to over 25%, which is almost identical to the performance of con-
ventional silicon solar cells [6-9]. The dramatic rise in efficiency is the
result of a number of aspects like enhancements in the perovskite sub-
stances utilized, an improved comprehension of the fundamental
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voltaic technology of the next generation, demonstrating outstanding
prospects for highly efficient and economical solar energy production
[16-18]. The distinct stacked structure of DJ perovskites, which in-
volves consecutive inorganic and organic layers, provides superior op-
toelectronic characteristics and improved durability, which renders
them ideal choices for application in solar cells [19,20]. Basically, 2D
layered perovskites are produced by dividing their dense organic
ammonium 3D counterparts into one or more layer segments in a
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Table 1
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The input parameters of FTO/PCBM/DJ Perovskite/NiOx /Au 2D perovskite solar cells [16].

Device Layer Properties Device Layers

Unit PCBM PeDAMA,Pbsl; PeDAMA3Pbyl; 3 PeDAMA4Pbsl ¢ PeDAMAsPbgl; o NiOyx
Thickness nm 50 200-1000 200-1000 200-1000 200-1000 100
Energy Gap eV 2 1.83 1.76 1.65 1.6 3.5
Electron Affinity Energy eV 4 3.15 3.28 3.64 3.98 1.8
Electron Mobility cm?/V.s 0.02 1.4 1.4 1.4 1.4 12
Hole Mobility em?/V.s 0.02 0.3 0.3 0.3 0.3 2.8
Acceptor Concentration 1/cm® 0 0 0 0 0 3 x 108
Donor Concentration 1/cm3 1 x 10'° 0 0 0 0 0
CB effective density of states 1/cm® 1.17 x 10%° 7.5 x 10Y7 7.5 x 10Y7 7.5 x 10Y7 7.5 x 10Y7 2.8 x 10%°
VB effective density of states 1/cm® 1.12 x 10%° 1.8 x 10'® 1.8 x 10'® 1.8 x 10'® 1.8 x 108 1 x 10"
Dielectric Permittivity - 3.9 25 25 25 25 10.7
Defect type - Neutral Neutral Neutral Neutral Neutral Neutral
Capture cross section of electrons cm? 1x1071® 1x10°1® 1x1071° 1x10°1® 1x1071° 1x1071®
Capture cross section of holes cm? 1x107"® 1x107"® 1x107"® 1x107"® 1x107"® 1x107"®
Total defect density 1/cm® 1x 10 2.5 x 10 2.5 x 10 2.5 x 10 2.5 x 10 1 x 10'°
Table 2
Interface parameters of FTO/PCBM/DJ Perovskite /NiOy/Au PSCs [37].
Parameters/Interfaces PCBM/DJ Perovskite DJ Perovskite/NiOy
Type of Defect Present neutral neutral
Cross-Section for Electron Capture (cm?) 1x1071° 1x1071°
Cross-Section for Hole Capture (em?) 1x 10718 1x1071°
Distribution of Energies single single
Reference for Energy Level of Defect (E,) Above the highest E, Above the highest E,
Energy Measured with Respect to Reference (eV) 0.600 0.600
Total Density of Defects (1/em?) 1 x 10 1 x 10'°

specific direction [14-16]. The 2D perovskite phases illustrate a wide
variety of crystalline alignments when compared to the planes of the 3D
parents construction. These directions are defined by the large spacer
cations that split the octahedra and encompass the 100-, 110-, and
111-oriented configurations [21]. These orientations are defined by the
large spacer cations that separate the octahedra, and include the
(100)-oriented, (110)-oriented, and (111)-oriented structures [22]. The
100-oriented 2D perovskites are the orientation most frequently
researched and contemplated. These substances can be divided into
three categories: the Ruddlesden-Popper (RP) phase [19], the
Dion-Jacobson (DJ) phase, and the alternating cations in the interlayer
space (ACI) phase. The chemical rules for each of these phases are
A'2An— 1MnX3n+ 1, AAn— 1MnX3n+ 1, and A’AnMnX3n+ 1, respec-
tively, where A’ refers to the long chain spacer cation, A represents the
organic cation, X symbolizes the halide anion, M indicates a divalent
metal, and n is an integer that represents the number of [PbX6]4-
octahedral sheets compacted between two layers of A’ spacer cations
[23,24].

In 2019, Zheng and colleagues conducted a study to investigate the
impact of quantum well (QW) barrier thickness on the orientation and
uniformity of Dion-Jacobson (DJ) phase perovskite films. Their results
demonstrated that by controlling the thickness of the QW barrier, they
could achieve better orientation and more uniform distribution of DJ
phase perovskites, which could lead to significant improvements in the
performance of perovskite-based optoelectronic devices. Specifically,
the authors found that DJ phase perovskite photovoltaic devices fabri-
cated using PDA and BDA exhibited significantly higher power conver-
sion efficiencies (PCEs) of 14.16% and 16.38%, respectively, compared
to PCEs of 12.95% and 10.55% observed for PeDA and HDA analogs
[16]. These results indicate that modulating the thickness of the QW
barrier may offer an attractive option for improving the efficiency of DJ
phase PSCs [13]. Zhang et al. present their research aimed at boosting
the performance of DJ PSCs through the use of Bromine-rich cations for
anion modification in 2022. The researchers designed several kinds of
DJ perovskite via replacing the anion Chlorine with Bromine and
revealed that the corresponding Br-rich DJ perovskites had superior

absorbance of light, drastically decreased trapping magnitude, and
enhanced charge mobility relative to the Cl-rich DJ perovskites. The
modified Br-rich DJ PSCs gained a PCE of 17,1%, which is greater than
the 15.5% PCE reached by the optimized Cl-rich DJ PSCs. The investi-
gation demonstrates that integrating Br-rich cations into anion archi-
tecture could be a successful strategy for enhancing the performance of
DJ PSCs [22].

In this study, we use SCAPS-1d to model and simulate DJ PSCs,
concentrating on the resultant impact of important parameters that
involve perovskite layer dimension, series and shunt resistance. We
examine the relationship among these factors and the general func-
tionality of the device in an effort to identify the ideal conditions for
attaining the greatest achievable PCE. In addition, we investigate fresh
ideas for minimizing the challenges related to DJ PSCs, such as shunt
and series resistance.

By means of SCAPS-1d modeling, we present an in-depth under-
standing of the principles governing the performance of DJ PSCs as well
as viable options for maximizing their performance. Our results provide
significant guidance for the development and manufacturing of highly
efficient DJ PSCs, which will benefit the progress of this newly devel-
oped solar energy technology and the possible effect it will have on the
solar energy field. In addition, we conduct important examination to
ascertain the validity of the results we obtained and offer suggestions for
future studies. We also compare the simulated performance of DJ
perovskite solar cells with experimental results reported in the litera-
ture, validating the accuracy and reliability of our simulations. In
conclusion, our study serves as a valuable reference for researchers and
engineers working on DJ perovskite solar cells, offering a solid foun-
dation for further advancements.

2. 2D-DJ perovskite solar cell simulation

Numerical modeling of solar cell devices allows for a comprehensive
understanding of device dynamics without the need for actual
manufacturing. This enables a high-level overview of device function-
ality. For this simulation study, the one-dimensional SCAPS (version
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Fig. 1. The band alignment diagram of (a) PeDAMA,Pbslo, (b) PeDAMA3Pb4l;3, (¢) PeDAMA4Pbsl;¢ and (d) PeDAMAsPbglyo. (e) Solar cell structure utilized in

this simulation.

3.3.07) was utilized. SCAPS is an open-source program created by re-
searchers at the University of Gent in Belgium in 2000 that can be
downloaded at any time [25]. It assists in modeling planar and graded
PV structures up to seven components and provides additional func-
tionality for calculating band alignment graphs, current-voltage (J-V)
behavior, quantum efficiency (QE), recombination and generation

currents, and other essential PV characteristics [26,27]. The SCAPS-1D
relies primarily on Poisson’s formula and the continuity laws for elec-
trons and holes to perform calculations. The Poisson equation, conti-
nuity equation for the hole, and continuity equation for the electron are
used for modeling [28-31].
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Fig. 2. (a) EQE of devices with various DJ perovskite. (b, ¢, d and e) are the J-V curve with different thickness of PeDAMA,Pb3l; (n = 3), PeDAMA3 Pbyl;3 (n = 4),
PeDAMA,Pbsl;6 (n = 5) and PeDAMAsPbglyo (n = 6) with different based PSCs respectively.

Poisson equation : 7(32 (e(x) %)

X
= glp(x)n(x) +Np (x) = Ny (x) +pi(x) = n(x)] @
1
Continuity equation for the hole : ap— =— 9y +G,— R, 2)
ot qg Ox

Continuity equation for the electron : 0n_ = l % +G,— R, 3)
ot q Ox

In the equation set, q represents the charge, V represents the po-

tential, p(x) denotes the concentration of free holes, n(x) represents the

concentration of free electrons, € represents the dielectric permittivity,

N/ (x) represents the donor density, N, (x) denotes the acceptor density,

p(x) represents the hole trap concentration, n/x) represents the trap
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Table 3
Parameters of FTO/PCBM/DJ Perovskite /NiOx/Au PSCs with different perovskite thicknesses for various DJ perovskite layers.
Perovskite Thickness (um) Voc (V) Jsc (mA/cm?) FF (%) PCE (%)
PeDAMA,Pbsl; ¢ 0.2 1.046 11.832 74.050 9.171
0.4 1.044 15.169 71.018 11.258
0.6 1.032 16.628 66.233 11.375
0.8 1.021 17.347 62.374 11.056
1.0 1.012 17.736 59.522 10.689
PeDAMA3Pb,l; 3 0.2 1.112 13.054 75.203 10.920
0.4 1.109 16.702 71.971 13.340
0.6 1.097 18.231 67.264 13.456
0.8 1.085 18.950 63.603 13.089
1.0 1.076 19.316 60.919 12.667
PeDAMA,Pbsl;¢ 0.2 1.353 15.300 79.296 16.425
0.4 1.333 19.537 76.802 20.014
0.6 1.317 21.252 72.868 20.396
0.8 1.304 22.042 69.896 20.093
1.0 1.293 22.443 67.695 19.654
PeDAMAsPbglio 0.2 1.320 16.471 79.250 17.243
0.4 1.294 21.014 74.994 20.392
0.6 1.274 22.834 72.719 21.168
0.8 1.259 23.674 70.544 21.039
1.0 1.246 24.103 68.166 20.488
Table 4 3. PCS’s structural design and material characteristics

Parameters of FTO/PCBM/DJ Perovskite/NiO/Au PSCs with different layer
number.

Perovskite Voc (V) Jsc (mA/cm?) FF (%) PCE (%)
PeDAMA,Pbsl; 1.027 17.04 64.15 11.23
PeDAMA3Pb,l;3 1.091 18.65 65.28 13.29
PeDAMA,4Pbsl;¢ 1.31 21.71 71.26 20.27
PeDAMA5Pbglio 1.26 23.32 71.65 21.17

concentration of an electron, J, represents the current density of an
electron, J, represents the current density of a hole, G, represents the
electron generation rate, G, represents the holes generation rate, Ry,
denotes the recombination rate of electrons, and R, denotes the
recombination rate of holes [32-34].

In this simulation, a typical n-i-p PV architecture with PeDAMA,,.
1Pbplsn+1 (n is an integer) Dion-Jacobson (DJ) phase halide perovskite
as the photoactive film, PCBM as the electron-transporting layer (ETL),
NiOy film as the hole-transporting layer (HTL), fluorine-containing SnOy
(FTO) and gold (Au) as the front and back electrodes, respectively, was
simulated. Table 1 and Table 2 summarize the fundamental device pa-
rameters of several materials utilized in this analysis that were acquired
from the theoretical and experimental literature. The defects were set at
0.6 eV above the valence band with a particular energy of 0.1 eV,
considering the Gaussian energy distribution and the capture cross-
section of carriers of 10™'> em? [35]. In the case of 2D DJ perovskites,
they have a zero Np and zero Np because they do not contain any
charged dopants. Instead, 2D DJ perovskites consist of alternating layers
of inorganic and organic materials, with the inorganic layer forming the
perovskite structure and the organic layer providing a barrier that pre-
vents the diffusion of ions. The absence of charged dopants means that
there are no extra charge carriers to contribute to the electronic con-
ductivity of the material. The defect density of the active material was
chosen to be 2.5 x 10** cm™ which corresponding to the electron
diffusion length to be 1200 nm and hole diffusion length to be 560 nm
[36]. The radiative recombination coefficient for perovskite was
2.3 x 10~ cm®/s, which was taken into consideration. The modeling
analysis added imperfections at the HTL/perovskite and perovskite/ETL
interfaces. The conventional AM 1.5 G spectrum and a temperature of
300 K were utilized for the computations. Overall, the SCAPS simulation
provided a comprehensive understanding of the device dynamics and
functionality of the DJ perovskite solar cell.

In this work, a proposed perovskite solar cell (PSC) structure, FTO/
PCBM/DJ Perovskite/NiOy/Au PSCs as shown in Fig. le, was investi-
gated. The front transparent contact was made using an FTO layer on a
glass substrate and a PCBM layer represented the ETL. DJ 2D Perovskite
served as the absorbing layer, generating charge carriers via photon
absorption. The HTL was made using NiOy material. The suggested
structure’s energy band diagram indicated the conduction band of the
perovskite layer was relatively small compared that of the ETL, with a
minor mismatch between the conduction bands (CB) of DJ Perovskite
and PCBM layer (Fig. 1a-d). This allowed electrons to easily pass from DJ
Perovskite to FTO via PCBM. The mismatch in the conduction band
tended to decrease with increasing n value, enabling more electrons to
move freely and thus improving the performance of the solar cell. A
large valance band offsetting existed between the absorber layer and the
ETL, effectively sealing the positively charges (holes) at ETL material.
The valence bands of the HTL material higher when compared to the
absorber layer, with a significantly slight valence bands mismatch be-
tween these two layers. Moreover, the offset in the conduction band
between the HTL material NiOx and the absorbing material was very
considerable, effectively prohibiting the electron from DJ Perovskite
from approaching the Au layer. The proposed structure has the potential
to enhance the performance of PSCs by improving the charge carrier
generation and transport within the device.

4. Results and discussion
4.1. Optimization of Dion-Jacobson perovskite thickness

The efficiency of a solar cell is highly dependent on the thickness of
the absorptive material, which is responsible for absorbing solar radia-
tion and improving the J-V characteristic. In this work, the impact of the
thickness of the DJ perovskite absorber material on the efficiency of the
solar cells is evaluated. The material parameters are held constant, and
the thickness of the DJ perovskite is varied to determine the optimal
thickness. Fig. 2 presents the suggested parameters of the photovoltaic
cell as a function of the DJ perovskite thickness. Fig. 2a depicts the EQE
of the proposed PSC, and it is seen that the absorptive material’s layer
number (n) influences the EQE value. As the n value increases, so does
the EQE value, as expected. Fig. 2b-e depicts the J-V curve of the PSC for
various n values under 100 mW/cm? illumination (air mass AM 1.5 G).
The shape of the J-V curve varies due to differences in the FF, V¢, and
Jsc, leading to changes in the PCE with varying thickness. The value of
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Fig. 3. (a) The J-V curves corresponding to the number of layer of the 2D DJ perovskite. (b) The device characteristics of the 2D DJ perovskite for each number of

layers (c) The J-V curve estimated in experimental and our simulation.

Voc is slightly altered when the thickness is varied, while the FF and Js¢
are the most affected parameters by thickness variation. The DJ perov-
skite thickness of 0.6 pm leads to the best performance of the proposed
solar cell, as it results in the overall changes in the solar cell parameters
(see Table 3).

4.2. Optimization of number of layers of the Dion-Jacobson perovskite

The number of layers is a crucial parameter that significantly impacts
the performance of Dion-Jacobson (DJ) perovskite solar cells. To opti-
mize the number of layers, SCAPS simulations were utilized to system-
atically investigate the effect of different layer configurations on device
performance. The results, presented in Table 4 and Fig. 3 a-b, demon-
strate that increasing the number of layers leads to improvements in
almost all device parameters. The highest-performing device, based on
the proposed 2D perovskite, was achieved at n = 6. Furthermore, Fig. 3¢
compares the J-V curve of the experimental work, which achieved a PCE
of 12.95%, with our simulated PCE of 21.17%. Because of the quantum
confinement effect, the Eg of the perovskite may decrease as the number
of layers in the two-dimensional perovskite rises. This phenomenon
occurs when the material’s sizes are less than the exciton Bohr radius,
resulting in a rise in binding energy and a drop in effective Eg. A
reduction in Eg can boost the Voc of a PSC. This is due to the fact that the
Voc is proportional to the energy difference between the electron quasi-
Fermi level in the ETL and the hole quasi-Fermi level in the HTL. A
narrower Eg indicates that the perovskite can absorb photons with less

energy, resulting in greater energy differences and an increased Voc
[38]. These simulation results highlight the superior performance ach-
ieved through the proposed device structure. This difference between
the experimental and simulation results can be due to several factors.
Firstly, there may be differences in the device fabrication process, which
can lead to variations in the device’s performance. The experimental
PCE can be affected by various factors, such as the quality of the
deposited layers, the uniformity of the device, and the contact resis-
tance. Many different variables can cause in differences from anticipated
results, eventually ending in reduced PCEs. The accuracy of the
computational framework employed in the numerical calculation of the
PCE may be questionable in terms of its ability to precisely replicate the
physical characteristics of the experimental PSCs. The potential cause of
this occurrence could be attributed to the presumptions incorporated in
the simulation framework, which may encompass the utilization of
simplified material properties or the disregard of specific physical
properties which could hold significance in the experimental PSCs.

It is significant that the outcomes of the modeling can offer notable
perspectives on the functionality of the cell and direct the enhancement
of the device’s configuration. The modeling methodology facilitates an
organized examination into the impact of multiple variables on the
functionality of the device. These variables may include the layer
thickness, doping levels, and energy gap. By identifying the optimal
configuration that maximizes the PCE, researchers can guide the design
and fabrication of more efficient and stable DJ perovskite solar cells.
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Table 5
Parameters of FTO/PCBM/DJ Perovskite /NiOx/Au PSCs with different series resistance (Rg) and different layer number (n).
Perovskite Rs (Q.cm?) Voe (V) Jse (mA/cm?) FF (%) PCE (%)
PeDAMA,Pbsl; 0 1.027056 17.04584 64.159 11.2323
5 1.027132 17.02887 58.1562 10.172
10 1.027166 17.00738 52.5633 9.1825
15 1.027185 16.97921 47.4526 8.2761
PeDAMA3Pby4l; 3 0 1.091345 18.65395 65.2884 13.2913
5 1.091435 18.63728 58.9766 11.9967
10 1.091475 18.61606 53.0937 10.7881
15 1.091499 18.58803 47.7239 9.6826
PeDAMA4Pbsly¢ 0 1.31019 21.71724 71.2608 20.2763
5 1.310465 21.70499 64.6945 18.4015
10 1.310563 21.68967 58.476 16.6222
15 1.310612 21.67007 52.6867 14.9636
PeDAMAGsPbgl1 9 0 1.266841 23.32806 71.6565 21.1766
5 1.267006 23.31583 64.0209 18.9126
10 1.267066 23.3004 56.7351 16.75
15 1.267096 23.28019 49.9667 14.7393
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Fig. 5. The influence of Ry, on the device parameters of FTO/PCBM/DJ Perovskite/NiOx/Au PSCs. Where the DJ Perovskite layers are: (a) n =

and (d) n=6.
4.3. Effect of the series and shunt resistance (Rs & Rgp)

In solar cells, the series resistance (Rg) and shunt resistance (Rg) play
a critical role in determining device performance. They originate from
the metal contacts that connect the solar cell and the layers that make it
up [39]. To examine the impact of Ry on device efficiency, the re-
searchers varied its value from 0 to 15 Q.cm?. Fig. 4a-d depict the
changes in the J-V curve for different numbers of DJ perovskite layers (1)
resulting from the changes in R;.

Interestingly, as the number of DJ perovskite layers increased, the
impact of series resistance became more significant. The Vo¢ and Jgc
were not significantly affected by changes in Rs. However, changes in
the FF were substantial, as shown in Table 5. These results suggest that
controlling the resistance within a solar cell is crucial for achieving
optimal device efficiency.

Inefficient shunt resistance can lead to a higher degree of power loss
in solar cells, as it allows the current generated by sunlight to find an
alternate path. This undesirable diversion reduces the voltage output of
the solar cells and limits the photo-generated current to flow across the
cell. As exhibited in Fig. 5a-d, the most significant impact is observed in
the FF, which ultimately results in a decline in the PCE value. On the
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other hand, the V¢ and the Jgc remain relatively stable and unchanged
despite the presence of poor shunt resistance because Jgc is determined
by the external illumination and the intrinsic properties of the PSC. The
Rgh, on the other hand, affects the internal behavior of the PSC and the
way it handles the flow of current. When the shunt resistance is reduced,
the internal resistance of the device is decreased, and more current flows
through the shunt path, bypassing the load [40,41]. Consequently, it is
crucial to address and improve shunt resistance to optimize solar cell
performance and minimize power loss.

Table 6 and Fig. 6 illustrate that the performance of various DJ
perovskite cells varies with temperature. Interestingly, some cells
display a decline in performance as the temperature increases, while
others exhibit an improvement in performance. PeDAMA,Pbsl;o and
PeDAMA3Pbyl; 3 exhibit a decrease in Jg¢, FF, and PCE with increasing
temperature due to the decrease in the absorption coefficient of the
perovskite material and the increase in recombination losses at higher
temperatures. In contrast, PeDAMA4Pbsl; and PeDAMAsPbgl; g exhibit
an increase in Jgc and PCE with increasing temperature due to the in-
crease in charge carrier mobility with increasing temperature, which
enhances the collection of photo-generated charge carriers. However,
the decrease in Voc observed in PeDAMA4Pbsl;¢ and PeDAMAsPbgly g is
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Table 6
Parameters of FTO/PCBM/DJ Perovskite /NiOx/Au devices under different operational temperatures for various DJ perovskite layers.

Perovskite Temperature (K) Voc (V) Jsc (mA/cm?) FF (%) PCE (%)

PeDAMA,Pb3l;o 293 1.03 17.05 64.46 11.29
303 1.03 17.05 64.04 11.21
313 1.03 17.05 63.63 11.13
323 1.02 17.05 63.25 11.05
333 1.02 17.05 62.88 10.97

PeDAMA3Pb,l; 3 293 1.09 18.65 65.59 13.36
303 1.09 18.65 65.16 13.26
313 1.09 18.65 64.76 13.17
323 1.09 18.65 64.37 13.08
333 1.09 18.65 63.99 12.99

PeDAMA4Pbsl¢ 293 1.32 21.72 71.20 20.37
303 1.31 21.72 71.29 20.24
313 1.30 21.72 71.44 20.11
323 1.28 21.72 71.64 19.98
333 1.27 21.72 71.89 19.85

PeDAMAsPbgly 9 293 1.27 23.32 71.71 21.35
303 1.26 23.32 71.62 21.09
313 1.24 23.32 71.54 20.83
323 1.23 23.32 71.47 20.56
333 1.21 23.33 71.39 20.30
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Fig. 6. The influence of operational temperature on the J-V curve of FTO/PCBM/DJ Perovskite/NiOy/Au PSCs. Where the DJ Perovskite layers are: (a) n = 3, (b)
n=4,(c)n=>5and (d) n=6.
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due to the increase in charge carrier recombination at higher tempera-
tures. Additionally, PeDAMAsPbgl; g exhibits a decrease in FF due to the
increase in non-radiative recombination losses at higher temperatures.

5. Conclusions

The DJ perovskite solar cells, with the structure FTO/PCBM/2D-
Perovskite/NiOy/Au of different layer numbers (n), have different im-
pacts on the solar cell parameters. These variations on the PCE values
are based on differences in physical properties such as the electron af-
finity and the energy gap. Although the stability of the PCS is much
higher when the number of layers is small (from the literature), the best
efficiency is found at a higher number of layers (in this paper, n = 6).
The thickness of the DJ perovskite has been observed to influence the
performance of the solar cell; the FF has the maximum value at n = 3,
while the Jgc has the lowest value compared to its value at other
thicknesses, with the best result found at 0.6 um. The analysis of the
series and shunt resistances emphasizes that an efficient DJ perovskite
solar cell requires high shunt resistance (to minimize leakage currents)
and low series resistance (to minimize resistive losses). Proper material
selection, device architecture, and fabrication techniques are critical to
achieving optimal resistance values and, consequently, high-
performance perovskite solar cells. Based on our research findings, it
appears that the proposed device structure incorporating DJ perovskite
may effectively address the stability issues commonly found in 3D
perovskite solar cells. Moreover, DJ perovskite-based solar cells
demonstrate suitable efficiency, indicating their potential as a viable
alternative in future studies.
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