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In the paper, we simulate methylammonium tin iodide MASnls with Zinc Oxide-Aluminum nZnO-A1 doped
with Cuz0. This base structure shows promising results in comparison to previous data. We use SCAPS-1D high
simulation tool to investigate the I-V, admittance, band gap and current density of the base structure
FTO/Cu20/MASnls/nZn0O-Al. Positive results and a PCE of 24.2 % were attained in this study. Here, an anode
composition with such a high work potential is needed for the device to operate more effectively. A novel lead-
free perovskite-based photovoltaic array based upon MASnls solar cell with varied parameters (SCAPS-1D) was
built and modelled using the one-dimensional photovoltaic solar capacitance simulation. The results showed that
the thickness of the absorber layer could have a significant impact on the device's PCE, and it was determined
that 250 nm was the ideal thickness for the absorber layer. In these studies, we introduced two different defect
density at each PEC layer to create a standard environment and the results are promising. Utilizing different
conducting materials and layers, including electrode, ETL, and HTL layers, the effect on the ways is studied. At
a temperature of 300 K, the PEC performs admirably. It is also observed that a shift in temperature might reduce
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the device's overall effectiveness.

Keywords: MASnls, nZn0-Al, Nanostructures, Perovskite, SCAPS-1D, Computational Modeling

DOTI: 10.21272/jnep.15(4).04020

1. INTRODUCTION

The perovskite solar cell (PSC) has emerged as one of
the most promising photovoltaic technologies, with a power
conversion efficiency (PCE) of more than 25 % in a single
junction design. This technology can compete with the
conventional silicon solar cell and is rapidly moving towards
commercialization [1]. However, a few key challenges, such
as the device's stability in the air under light and the
toxicity of the chemicals used, are hampering PSC's
commercialization advancement. The ABX3 perovskite
structure with methylammonium (CHsNH3"),
formamidinium (NH:CHNHz:"), and cesium (Cs*) in the A
cation site lead (Pb) in the B cation site, and iodine (I) and
bromine (Br) in the X anion site has shown to be the most
successful in perovskite solar cells so far. The main
environmental worry with perovskite solar cells, however,
is the presence of toxic and heavy elements like lead
throughout their whole existence. Because of this, in
addition to having great efficiency, research groups and
business leaders are less optimistic about its future, which
opens the door for lead-free perovskite materials [2].
Wideband gaps in many lead-free perovskite absorber
materials make them viable replacements for harmful lead-
containing perovskites. Direct bandgap methylammonium
tin iodide is one example.

MZXene is a family of transition metal carbides and
nitrides that exist in two dimensions (2D). They have the
generic formula M,Tiy, where M stands for transition
metal and x and y stand for the amount of metal and
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nonmetal atoms in the compound, respectively. Due to
their distinctive qualities, such as excellent electrical
conductivity, mechanical strength, and chemical stability,
these materials have garnered a lot of interest in recent
years. The first MXene materials were created in 2011 by
a group of scientists at Drexel University under the
direction of Yury Gogotsi. The researchers found that a
new class of 2D materials may be produced by selectively
etching the A-groups (such as Al, Ga, or In) from MAX
phases (such as TizAlC») [3, 4].

Even though tin-based perovskite solar cells have seen
significant progress in the laboratory, additional
advancement is still conceivable by optimizing various
parameters and device configurations that can serve as a
roadmap for future experimental advancement.
Methylammonium tin iodide (MASnIs) based perovskite
has been investigated, examined, and researched with
various parameters through this simulation effort [5, 6]. A
1D-solar cell capacitance simulator is used in this study to
simulate the efficiency of the device under AM1.5G light
(SCAPS, ver. 3.3.07). Variables such as the thickness and
doping levels of different layers, such as the electron
transport layer, the perovskite absorber layer, and the
hole transport layer, have been modified and their impacts
have been considered for future performance
improvement. Additionally, the defect densities have been
considered. Different HTLs and their effects have been
studied, and eventually, an optimum configuration has
been developed to offer the highest efficiency of 24.43 %.
This configuration was produced using a variety of
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analysis techniques and theoretical modeling [7, 8].

These cells' performance may be optimized using a
variety of techniques, such as:

1) Materials optimization — choosing the ideal mix of
materials and their characteristics may greatly improve
the cell's overall performance.

2)  Structural optimization — The efficiency of the cell
may be increased by precisely adjusting the shape and
dimension of the MASnI3 nanostructures.

3)  Electron transport optimization — Controlling the
distribution of flaws and impurities in the materials
allows for the optimization of electron transport across the
cell.

4) Light harvesting improvement — by enhancing
the active layer's thickness and the materials' optical
characteristics, the cell's capacity to absorb light may
be boosted.

2. DEVICE SIMULATION

With the goal of determining the optical and electrical
characteristics most suited for obtaining high power
conversion efficiency, the simulation was run using the
SCAPS-1D program. The Electronics and Information
Systems (ELIS) Department at the University of Ghent in
Belgium is where SCAPS software is created. Poisson's
equation and the continuity equation of both charge carriers
are used by SCAPS-1D to operate. Up to 7 layers may be
changed to configure the various types of solar cells, and
simulations can be run in both dimly-lit and well-lit
environments. The following equations can be entered into
the program to calculate output results: The semiconductor
Poisson's equation is given by equation (2) [9].

Because of their opposing effective charges, electrons,
and holes are predicted to attract one other when they are
sufficiently close. When the thermal energy is low enough,
the coulomb attraction causes electrons and holes to circle
each other around their common center of mass. Because
it is the initial excited state of the one-electron energy
band, this bound electron-hole pair is referred to as an
exciton [10]. The coulomb attraction reduces the energy of
an electron that would otherwise be in the conduction
band, resulting in a succession of permissible energy levels
in the forbidden bandgap immediately below the
conduction band.

Rup = 222 (n (E) + ity (E)), M

] = quulin€ + quppe, 2

The potential in the model electrodes is calculated
using Poisson's equation. Investigating performance,
efficiency, and ways to enhance them is beneficial. The
fundamental link between charge and an electric field is
provided by this equation [11,12].

div(eVep) = —p, (3)

The standard drift and diffusion components are
included in the heterostructure continuity equation,
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nevertheless, the drift current contains the changes in
electron affinity, and the classical electric field and a
quasi-electric field exist. Similarly, in addition to the
classical diffusion current, another component of current
develops as the density of states fluctuates spatially. The
band parameters are included in the continuity equation
to account for these effects [13]. The continuity equations
are shown in equations (4, 5), where Jn represents electron
current density, Jp represents hole current density, and R
represents the rate of carrier recombination [14]. There
are two general phenomena that conduct current flow in
semiconductors. The influence of the electric field produces
minority charge carrier drift, and the concentration
gradient produces diffusion current. The continuity
equations provide Drift-Diffusion Current Relations:

dn
Jn = qupline +qDy d_x, 4)
dp
Jp = quptipe — qDyp i) %)
Jeona =Jn +]py (6)

q(Vpv+Rslpv)
Lv=1ILv-1I, [e[ nKTc ] - 1] - —va;RSIPV, (7)
P

Carrier densities in PSC transport layers (TLs) are
frequently several orders of magnitude greater than in the
perovskite layer due to high effective doping levels and band
offsets between the layers [15]. As a result, in these layers
upon layer, the Boltzmann assumption cannot be ensured
to be valid, and also the charge carrier model is adjusted to
provide for a generic (potentially non-Boltzmann) predictive
method. We assume that conduction electrons in the
electron transport layer (ETL) are characterized by SE and
valence holes in the hole transport layer (HTL) by SH. As a
result, in order to account for the statistical model used, the
equations for current densities in the transport layers must
be modified.

Figure 1 shows the Solar PV  structure
FTO/Cu20/MASnls/nZnO-Al.
Currently, we do.
n = O st (R) -2
jt = ks (S5 (J) =gl ®)
in the ETL
iD= _ O rg-1(P, 92
JP = ~tuksTy 3 (S5 (Zr) + ) ©
In the HTL.
10 -29° 0
E
H \—
GO IS

Fig. 1 - Solar PV structure FTO/Cu20/MASnls/nZn0O-Al
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Structure nZn0O-Al (Zinc Oxide-Aluminum) is a
material that is used as a transparent conductor in the
fabrication of solar cells. The material is attractive for this
use because it has high electrical conductivity and is also
transparent, allowing light to pass through to reach the
photovoltaic material below.

This material is commonly used in thin film solar cells,
where a layer of nZn0-Al is deposited onto a substrate and
serves as the front electrode. The combination of high
conductivity and transparency make nZnO-Al an
important component in the production of efficient and
cost-effective solar cells.

3. RESULTS AND DISCUSSIONS

Using tabular parameters compiled from numerous
hypothetical and experimental works, SCAPS simulations
were run. The performance of a perovskite solar cell is
significantly influenced by each component. By
constructing fictitious structures and analyzing studies of
solar PV, we can test the device's performance using data
from transport layers from previously published papers. It
is possible to further implement the base structure
FTO/Cu20/MASnls/nZn0O-Al to produce the fabricated
sheet because it yields promising results. The variation
aids in assessing the performance of the device model with
various HTL, which turn out to be the decisive element in
selecting the most suited material as HTL. In Fig. 2 shown
the graph between admittance Vs Energy and Fig. 1 shows
the parameters for simulation.
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Fig. 2 - Shows the Admittance vs Energy

We have simulated the Solar PV structure
FTO/Cu20/MASnl3/nZnO-Al in three condition that is
AM1.5 solar illustrator, second in normal condition and
thirdly in Sun condition. Fig. 3, 4 and 5 represents the graph
between different parameters. In Fig. 6, we simulated the
structure in two different prospectivesi.e., one with the base
structure FTO/CusO/MASnls/nZn0O-Al. Secondly, we use
AM 1.5 to boost the structure. While doing thing this
efficiency is increases with 9 % to 24.2 %. In this paper we
also simulate the previous work published by A.K. Singh et
al. They simulate the structure with the base structure of
AwHTL/MASnNI3/TiO2/FTO/Glass with the efficiency of
27 %. nZn0O-Al is a composite material made by combining
zinc oxide (ZnO) and aluminum (Al). The combination of
these two materials results in a material with unique
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electrical, optical, and mechanical properties that can be
utilized in a variety of applications. We used as a
transparent conducting electrode in solar cells, where it
provides high transparency and low resistivity. In figure (4),
the overall structure band gap increases to 3.17 eV.

Table 1 — Parameters for Simulation

Material Property |Cu20 FTO MASnl; | nZnO-
Al
Thickness(nm) 150 200 250 200
Bandgap (eV) 2.17 3.2 1.3 1.2
Electron affinity|3.2 4.4 4.17 4.5
(eV)
Dielectric 7.5 9 6.5/10 10
Permittivity
CB effective |2 x 1018 [ 2.2 x 1018 1 x 1018 1x 108
density of states
(cm ~3)
VB effective | 1.81x10%9 [ 1.81 x 101 |1 x 1019 1 x 10
density of states
(cm %)
Electron thermal|1 x 107 1x 107 1x 107 1x 107
velocity (cm/s)
Hole thermal | 1 x 107 1x 107 1x 107 1x 107
velocity (cm/s)
Electron 20 20 1.6 5
Mobility(cm?2/V-s)
Hole 80 10 1.6 5
Mobility(cm?2/V-s)
1) Defect Density |2 x 10 |1 x 10w 2x10% |2 x 101
N; (cm —3)
2) Defect Density|1x 10 |1x 101 4.5 x 1016 | 4.5 x
N; (cm —3) 1016
Band Diagram
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Fig. 4 - AC Current Density vs Distance
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IIpoexryBaunsa Ta anaiia BiractuBocreil HaHOoCTPYKTYpP MASnls, nerosanux Cuz0
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VYV crarti MM MojesoeMo Hommnm MeTwsaMmoHio osioBa MASnls 3 oxcmmom 1mHKY-amoMidio nZn0-Al,
snerosaruM Cuz0. 15 6a3oBa cTpykTypa JeMOHCTPYe 00HAIHINBI pe3yIbTATH IOPIBHAHO 3 IOIEePeIHIMU JaHUMHU.
Mu BuropucroByemo incrpymeHnT Bucokoro mogesoBanisa SCAPS-1D mis nocmimrenns BAX, anqvitasucy, mupusu
3a00pOHEHO0I 30HU Ta IIJIBHOCTI cTpyMy 0a30Boi crpykTypu FTO/CusO/MASnls/nZnO-Al. ¥V 1m1boMy DoCTimKeHHL
OyJi0 mocAruyTo mosutuBHEX peadysbraTie 1 PCE 24,2 %. Tyt HeoOxigHa aHOOHA KOMIIOSHUINA 3 TAKUM BHCOKHUM
TOTEHITiaIoM pobOTH, 100 IPUCTPIN mpaloBas oLkl edekTrBHO. HoBa Oe3cBrHIIEBa GOTOCTIEKTPUYIHA MATPHUIIA
HA OCHOBI IIEPOBCKITY Ha OCHOBI coHsTuHOI 6aTapel MASnIs i3 pisunmu napamerpamu (SCAPS-1D) G6yna crBopena
Ta 3MOJIeJIhOBAHA 32 JOIOMOI0I MOJIEIOBAHHS OJHOBUMIPHOI (DOTOEJIEKTPUYHOI COHSYHOI eMHOCTL. PeaysibpraTu
OKA3aJI, 10 TOBIIMHA IIapy HOrJInHA4Ya Moske Maru 3HayHuil Biius Ha PCE mpucrporo, 1 6ys10 Bu3HaYeHO, 110
250 HM € i7easIbHOI0 TOBIIMHOI JIA IIApy IOTJIMHAYA. Y WX JOCIIIKeHHSIX MU BBEJIM OBl PisHl HIIJILHOCTL
nmederrie Ha koskHOMy 1rapl PEC, mo6 crBoputy craHmapTHe CepeloBHINE, 1 Pe3yIbTaTh € 6araToo0iIaduMy.
BuropucroByBasich pisHi IpoBigHI Marepianu Ta Iapwy, Briodatoun mapu esekrpoxnis, ETL ta HTL. Ilpu
remneparypi 300 K PEC mpaioe edexrurro. Tarom cmocrepiraerbesi, 10 3MiHA TeMIIEpPaTypy MOKe 3HU3UTH

3arasjbHy e)eKTUBHICTH IIPHCTPOIO.

Kmouori ciosa: MASnls, nZnO-Al, Hamocrpyrrypu, [leposckit, SCAPS-1D, O6urcioBasbHe MOETIOBAHHS.
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