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Abstract - Organometal Trihalide Perovskite is a new
paradigm in photovoltaics, with the possibility to surpass
current technology's performance constraints, achieve low
cost and high efficiency and attain substantial stability.
Although efficiencies of over 22 percent have recently been
reported, yet not so much is known about their operational
characteristics under thermal stress. Thermal stability of the
Methylammonium Lead lodide Perovskite Solar Cell was
explored by investigating the influence of high temperature on
the model. A promising result was achieved with Power
Conversion Efficiency (PCE) of 29.31%, Fill Factor (FF) 82.63
9%, short-circuit current density (Jsc) 23.55 mA/cm? and open
circuit voltage (Voc) 1.51 V. The Solar Cell Capacitance
Simulator (SCAPS-1D) was used to simulate the modeled
perovskite solar cell under various temperature ranges, and it
revealed that at higher temperatures, the solar cell’s carrier
concentration, band gaps, electron and hole mobilities were
affected, resulting in lower power conversion efficiency. In
contrast to the nominal trend of recoded models having their
best efficiencies at temperatures (measured in Kelvin, K) 300K
before consistently decreasing, the Power Conversion
Efficiency of this model appreciated above 300K, peaking at
29.3445 percent at 325K and remaining high through 355K.
The findings will serve as a useful reference for fabricating and
constructing thermally stable and high power conversion
efficiency perovskite solar cells.

Key Words: Perovskite Solar Cell, Power Conversion
Efficiency, Thermal Stability, high temperature,
(SCAPS-1D)

1.INTRODUCTION

The superior qualities of solar energy in contrast to other
types of energy generation has shown it could be the
ultimate answer to the ever increasing human demand for
energy on the planet today and in the foreseeable future [1],
[2]. Only a portion of the sun's energy that irradiates the
Earth's surface could be converted to provide the whole
human energy supply [3]. The recent inclination towards
clean and renewable energies, especially solar, hinges on the
fact thatitis grossly underutilized. According to an estimate
by Smill in 2005, overall human mean annual power
consumption is 13 Terawatts (up to 18TWin 2015), whereas
the sun delivers 122 Petawatts (1 Petawatt = 1015 watts), far

exceeding human demands. According to International
Energy Agency (2018), fossil fuels such as oil, coal, and
natural gas account for more than 80% of global energy
consumption; with nuclear power, hydroelectric power,
solar power, and other established or emerging renewable
energy sources accounting for the remainder [4].

Among these alternative sources of energy, solar energy has
huge progress in producing electricity through the
photovoltaic process. Photovoltaic (PV) is a sub-set of solar
energy conversion technology that transfers solar radiation
from photons to electrons in a straightforward manner. It is
amore environmentally friendly and a long-term sustainable
source of energy that is based on nearly endless resources.
In addition, it exploits a phenomenon that spontaneously
occurs in nature [5]. The photoelectric effect, formerly
known as the "Becquerel effect,” is the primary principle
behind the photovoltaic phenomenon. Alexandre Edmond
Becquerel, a French scientist, discovered the photovoltaic
phenomenon in 1839. Since then, researchers have never
stopped looking into how solar cells may be transformed
from a scientific curiosity to a viable energy source that can
be widely distributed and effectively used in society [6].

Despite its numerous advantages, solar energy has few
limitations. Sharma et al,, (2015) and Bertolli, (2008) noted
that though the solar energy is freely available, there is still
an initial expenditure on the equipments for harvesting its
energy by developing solar cells, panels and modules.
Secondly, solar energy does not radiate at night. There must
be plenty of sunlight available to generate electrical energy
from a solar photovoltaic device. Thus, to overcome the
demerits of this technology, solar energy must be stored
elsewhere at night and highly efficient solar cells and
modules need to be developed.

1.1 Advances in Photovoltaic Technology

As at 2014 after several years of progress, crystalline
silicon technology had dominated the global PV market with
55% and 36% market shares for polycrystalline and
monocrystalline silicon modules respectively. The remaining
9% of the market was split between a variety of other
established and emerging PV technologies [9]. To gain market
share from crystal silicon solar cells, alternative technologies
will have to provide an impeccable combination of high
power conversion efficiency (PCE), low manufacturing costs
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and excellent stability in different environmental conditions
[10]. Other technologies include established and emerging PV
technologies of which Organometal Trihalide Perovskite is a
promising candidate with strong promise of being among the
profitable alternatives in PV business because of its high
efficiency and reduced low fabrication costs.

Low solar material efficiency basically implies that
producing substantial electricity would need a very big panel
area. As a result, any material with a power conversion
efficiency ofless than 20% is regarded a poorer contender for
large-scale energy generation, however it may be viable for
local markets [11]. The current commercial cell efficiency
record for solar cells with silicon as the basis (SSCs) is 25%
[12]. This raises the question of whether all future capacity
will be constructed with SSCs or other alternative solar cell
materials. For some materials, such as Gallium Arsenide
(GaAs), the answer appears to be negative, due to the
inconvenient demand for large production facilities with
expensive and high-temperature procedures, despite having
high PCE of 46% for GaAs-based concentrators (figure 1)
[13]; the relatively low power conversion efficiency (12
percent) of the most common Silicon-based thin film solar
cells; and the inherent problems associated with the
manufacturing process, which include requiring a lot of heat
energy in producing the crystalline silicon structure.
Furthermore, rare/scarce and poisonous elements are
commonly used in materials like Cadmium Telluride (CdTe),
Copper Indium Selenide (CIS), Copper Indium Gallium
Selenide (CIGS), and Silicon Tetrachloride. After the quick
introduction of perovskite solar cells (PSCs), which are
structured solar cells made mostly of organic and plentiful
materials that are environmentally beneficial, the answer
becomes even more irresolute [14]; [15]; [16]. Despite its
outstanding properties and even greater efficiencies, the
perovskite solar cells have yet to be commercialized due to
material instability. One of these issues stems from the fact
that perovskite's ecological adaptability is weakened at even
slightly higher temperatures (thermal instability), thus
limiting its efficiency severely.
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Fig -1: Research-cell efficiencies over the years certificated
by NREL [13]

1.2 Features of perovskite solar cells

Perovskite is the technical name for the Calcium Titanate
(CaTiO3) mineral, which was discovered in 1839 by German
mineralogist Gustav Rose and named after Aleksevich Von
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Perovski, a Russian mineralogist. Because the perovskite or
perovskite-related structure may be found in a wide range of
materials, it has become a generic name for crystals with this
structure. Perovskites are minerals with a crystal structure
similar to CaTiO3 but are in a different phase transition.
Perovskite crystals usually have the stoichiometry ABX3,
where A is a big organic Methylammonium (MA) or
inorganic Cesium (Cs) or Rubidium (Rb) cation. B is a
smaller divalent inorganic metal cation than A; like (Cu?*,
SnZ* and Pb?*), where X3 is a halogen group monovalent
anion (such as Cl,, Br-and I') that can attach to both cations A
and B [17]. As illustrated in figure 2, the atoms are organized
in a cubic lattice.
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2. LITERATURE REVIEW

Fig -2: Cubic structure of perovskites [18].

Owing to their unique features, perovskite solar cells have
been billed as the next big thing in photovoltaics/renewable
energy space and have been extensively investigated
throughout time [19]. Perovskites' efficiency has soared in
recent years, from a modest 2.6 percent in 2006 [20] to over
22 percent in 2017 [21], with plenty of opportunity for
improvement in the next years. Band gap engineering,
compositional engineering, and contact engineering, among
creative methodologies, have enabled these

Band gap Engineering allows perovskites' band gap to be
tuned throughout a wide range of the solar spectrum.
Tandem perovskite cells [22], mixed halides [23] [24]; [25];
[26] [27], hybrid components like the absorber (double or

.. triple absorbers) [28], hybrid charge-transport layers
#3 (double HTL or ETL), ETL/HTL-Free perovskite cells [29], etc.

are all examples of this engineering. The addition of halides to
perovskite improves its stability. Noh and colleagues
demonstrated that mixing 20 percent to 29 percent Br into
CH3NH3PbI3 increased solar cell stability significantly [25].
Rolland and his colleagues investigated whether a tandem
solar cell could use the same perovskite absorber material.
The photovoltaic efficiency of the corresponding optimal
tandem cell was 27%, which was significantly higher than the
efficiencies of absorber materials alone [22].
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Compositional Engineering allows for the replacement of
constituent materials in whole or in part. Compositional
Engineering allows for cation alloys in site-A of organic
Methylammonium and Formamidinium or Cesium, cation
alloysin site-B of Lead (Pb) and Tin (Sn), and combinations of
lodine halide with Bromine or Chlorine [30]. For more stable
perovskite absorbers, triple cation (Cs/MA/FA) arrangement
has been realized in a few situations [31]. It has been
attempted to make lead-free perovskites by completely
substituting lead with other group IVA elements such as
Germanium (Ge) and Tin (Sn). CsGeClz (Cesium Germanium
Chloride) and MAGeCl3 (Methylammonium Germanium
Chloride) are examples of germanium-based perovskites
[32]. A mixed-(Tin & Lead) perovskite has also been
demonstrated to be conceivable and attainable [33].

When researching the features of electron and hole
collecting electrodes and their interfaces, Contact
Engineering takes center stage, since they are also crucial for
increasing perovskite device performance. They contribute to
the control and modification of the absorber's optoelectronic
and structural characteristics [34]; [35]; [36]; [37].

The impacts of different materials and their thicknesses
utilized in the architectural arrangement of perovskite solar
cells- electrode contacts, charge transfer layers, and absorber
layer- have been explored in several studies [37]; [38]; [39];
[40]; [41]; [42]; [43]. Various efficiencies have been observed
as well. This confirms that perovskite solar cells represent
the future of photovoltaic technology, since they provide a
better choice for generating clean energy from the sun's
ample energy at a greater efficiency. Various studies have
been conducted to examine the performance of various types
of perovskite solar cells, particularly those containing the
Methyl Ammonium cation doped with other metal-bases such
as lead (Pb), tin (Sn), and the anions Bromine (Br), Chlorine
(CI) and Iodine (1) [24]; [25]; [26]; [44]; [45]; [46]; [47]; [48]-
Combinations containing at least two (2) anions in various
proportions, as well as various metal bases, have been
examined and varying efficiencies reported with considerable
interest.

Despite several achievements in the field of perovskites,
there are still more problems than answers in terms of
instability. Thermal instability is an albatross of perovskite
solar cells, which are made up of more than one kind of
material and have heterojunction properties. High
temperatures target the multi-layered junctions, forcing them
to operate as separate materials. As a result, significant
resistance develops at each layer, obstructing electron and
hole mobility. High rates of recombination at the interfaces,
as well as the bulk of the materials, precede this. All
semiconductor devices, including photovoltaic cells, are very
temperature sensitive. The efficiency and power production
of a solar cell decline as its temperature rises. This is due to
increased carrier concentrations, which result in higher
internal carrier recombination rates.

The impact of solar cell module temperature on
photovoltaic system behavior cannot be emphasized, since it
impacts the efficiency and output energy of the system.
Thermal instability has resurfaced, and it is necessary to
investigate the influence of temperature on the performance

of perovskite solar cells in order to address this issue; and
also develop ways of improving the prevalent condition.

3. MATERIALS AND METHODS
3.1 Modeling of the Perovskite Solar Cell

When a semiconducting material is illuminated by light,
such material can be excited. If the material is then
illuminated with photons of equal or higher energy than its
energy gap, the photons can be absorbed to excite electrons
from the valence band to the conduction band, allowing for
current flow. The maximum current density is then given by
the flux of photons with this energy. Light here, refers to an
electromagnetic radiation that consists of photons and each
photon carries with it a specific energy depending on its
wavelength W?l;th the following relation,

="
. €))

Where;

E is the energy of the photon,

h is planks constant,

c is the speed of light and

A is the wavelength of the photon

Figure 3 depicts the conventional circuit for solar cell
electrical characterization. It describes the device's output
characteristics as well as fundamental metrics like as short-
circuit current, open-circuit voltage, fill factor, and power
conversion efficiency (PCE).
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Fig -3: Schematic of an ideal solar cell and a more
realistic solar cell.

In the dark and under light, the associated current-voltage
(J-V) properties are shown (Figure 4). Due to the lack of
light, a photovoltaic cell seems to be inactive in the dark
(solar radiation). Electrical power may be collected from the
fourth quadrant when light shines on the photovoltaic cell.
The shaded region indicates the maximum power. The
maximum output power (Pn) above the illumination power
is described as the Power Conversion Efficiency (PCE).
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Fig -4: J-V characteristic of photovoltaic cell under
illuminated and dark conditions.

During device simulation, all of the main input
parameters must be accurately described in order to
generate a model that acts like an actual equivalent. The
system must first be modeled before the simulation can
begin. Modeling is the process of creating a design or
representation for the implementation of a physical system
using mathematical formulae. SCAPS-1D (Solar Cell
Capacitance Simulator), AMPS (Analysis of Microelectronic
and Photonic Structures), COSMOL, GPVDM, SILVACO, TCAD,
AFORS-HET (Automat FOR Simulation of HETerostructures),
ASA (Amorphous Semiconductor Analysis), and more
applications are used to simulate solar cells. Because of its
unique capabilities and the substantial literature on solar
device modeling and performance analysis, SCAPS-1D is
employed in this study. The fundamental theory of SCAPS-
1D, according to Burgelman et al., (2020), is to solve
Poisson's equation and continuity equations that are difficult
to answer directly using standard methods.

The theoretical model of a Perovskite Solar Cell is made
up of three (3) main differential equations:

(a) Poisson’s equation.
(b) Transport equation, and
(c) Continuity equation.

The performance of a perovskite solar cell in one
dimension may be explained using Poisson's equation and
continuity equations. Poisson's equation explains the
relationship between electric potential and charge density.
It's worded like this:

A = —

[ |'h

(2)

Where;

W is electrostatic potential

eis dielectric constant

p charge density

Continuity equations are used to define the conservation of
free electrons and free holes in a solar device. To
comprehend non-equilibrium processes, one must also solve

the electron and hole continuity equations. These are written
as

a8 1 —*

= = ~divf, + G, — R,

ot q (33)

op 1,

—=——divf,+G;, — R,

At q (3b)
Where;

Jn is electron current density

J»is hole current density

Gs are optical generation rates

Rs are recombination rates

n and p subscripts are for electron and hole respectively
tis time

Diffusion current and drift current induced by electron
and hole mobility are included in the output current of a
perovskite solar cell. These characterize the mobility of free
electrons and holes in relation to current quasi-Fermi level
location data for electrons and holes. They are as follows:

Jn = Jaifrusion T Jaripe = QUaNE + @D vn

- (4a)
Jo = Jaifrusion T Jaripe = —qUPE + qDpvp

(4b)

Where;

Jn is electron current density

Jpis hole current density

E is the electric field

U is electron mobility and

Hp is hole mobility

n and p are free electrons and holes density,

Ern and Ep, are electron and hole quasi-Fermi level
respectively.

Dy and D, are diffusion coefficient of electrons and holes

The Diffusion lengths of the charge carriers define the
transport ability of carriers (electrons and holes) in a solar
cell device. It is determined by the carrier lifetime and
diffusion coefficient. which may be represented in the
following way:

1297 = [p, 1,2

electron diffusion length.

(5a)

Diff 1
L?JE = [D*pTﬁ]z (5b)

hole diffusion length.
Where;
L is diffusion length,
T is carrier lifetime
Dy = kTyun is electron diffusion coefficient,

Dy, = kTpup is hole diffusion coefficient,
K is Boltzmann constant
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T is spatially varying electron and hole temperature,
U is electron mobility and p, is hole mobility
n and p are free electrons and holes density.

The Boltzmann distribution governs the density of electrons
and holes at the cathode and anode, and the carrier
concentration equations describe this. The charge densities
of free electrons and holes in thermal equilibrium,
represented by n and p, are calculated as follows:

_ EF—Ecy _ .
n = Nc exp KTh ) = Nc exp (kl"n) (6a)
Ey—Ep Vo
p=N¢ exp( = ) = N¢ exr(;)
F F (6b)

Where;

Eris Fermi level and

Ec and Ey are conduction and valence band energy levels
at steady state,

Ncis the intrinsic carrier density

V is built-in potential,

K is Boltzmann constant

T is spatially varying electron and hole temperature.

When a photon of wavelength A and intensity I[A]
illuminates an absorbent medium with thickness d, some of
the energy is reflected (R), some is absorbed (A), and the rest
is transmitted (T). The absorption coefficient [a(A)] and
absorbance [Aaps (A)] are defined as:

TiA)
A (1) = —logyg [m]
L L (7)
AgnslA) B
= 012 s,

Where;
A and B are the absorption constants
a is optical absorption constant
A is wavelength of photon
h is Planck’s constant,
v is light speed; [hv is photon energy]
Egapis the actual band gap of the material

When the device is exposed to light, all of the charge
carriers in the device will migrate to their respective
electrodes, and electrons and holes will try to recombine as
they travel. In the bulk of the layer, three types of
recombination  processes can be introduced:
defects/Shockley-Read-Hall (SRH), band-to-band/radiative,
and Auger recombinations.

Shockley-Read-Hall (SRH) recombination, also known as
trap-assisted recombination, happens as a result of inherent

faults or imperfections in the materials. The following
formula is used to calculate the rate of SRH recombination:

VonopNT [n'p—nﬂ
Ep['p+'pa_]+ﬂn[?'!+?‘2a_]

USRH -

9)

Where;

onand opare capture cross-sections for electrons and holes,
v is electron thermal velocity,

Nt is number of gap states per volume

n; and p;are intrinsic carrier concentrations of electrons and
holes,

The process of photon absorption in reverse is referred to as
"radiative recombination” or "Band-to-Band recombination."
The conduction band's electrons return to the valence band's
empty space, where they recombine with holes. The rate of
radiation recombination is calculated as follows:

Urcgiative = H(ﬂp—ﬂ?:}l (10)
Where;
Joy—
(22
i
Where;

K = recombination coefficient

v = electron thermal velocity,

N¢ = conduction band effective density of states
n; = intrinsic carrier concentration,

Eﬁélp = the actual band gap of the material

Btk = the number of electrons in conduction band and holes
in valence band generated per unit time per unit volume

The recombination of electron and hole pairs as they
move from a high to a low energy state, with the energy
transmitted to the third carrier, is known as Auger
recombination. The following is a description of it:

Uﬂugar = {C§T1+ CE?P}(“P_“?} (11)

Where;
n; is intrinsic carrier concentration,

A C
C
m and ? are constants

The density of states in the conduction and valence
bands, as well as the diffusion coefficient and the thermal
velocities of electrons and holes, are all affected by
temperature. Both direct and indirect band gaps in bulk
semiconductors are temperature dependent variables, with
the functional form being fitted to the empirical Varshnilaw
[50]. The following is the Varshni law for energy bandgap:
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Eger M) =20 =T /(1 4 ) (12)

Where;

A and B are adjustable Varshni parameters (constants)
T is spatially varying electron and hole temperature.
Eo is the band gap at temperature = 0K

Egap is the actual band gap of the material

Vi which is a function of the spatially changing electron and
hole temperature in active regions, is defined as follows :

Ven(To)
L,rrh(T:] — Tti". o

L EeT®
Where;
T is spatially varying temperature
To = default temperature = 300K

The following are the relative densities of states in the
conduction and valence bands:

N, = N @)[Z]

1k (10)
N, = N,(T) [F]
To (11)
Where;
N is conduction band densities of state
Ny is valence band densities of state
T is desired temperature
To = default temperature = 300K
3.2 DEVICE STRUCTURE AND SIMULATION
PARAMETERS

The block design of architecture employed in the
simulator's modeling of the perovskite solar cell is shown in
Figure 4. In its most basic form, it represents a four-layer
planar heterojunction arrangement. The device designs that
follow the direction of incident light include Glass +
Transparent Conducting Oxide (SnO2:F), n-type Electron
Transportation Layer (TiO:), Absorber layer/Perovskite
Material (CHzNH3Pbls), p-type Hole Transportation Layer
(Spiro-OMETAD), and Back Contact (Gold).

The model of the perovskite solar cell built by SCAPS-1D
software is displayed on the Solar cell definition panel, as
illustrated in Figures 5 below. Red represents a p-type
material, whereas blue denotes an n-type material, according
to the discretization of the structure.

lluminated from : apply voltage V to : current reference as a:
right left contact consumer _
| et ‘ right contact generator Invert the structure
i
——
——

left contact

right contact

——— front back

Figure 5: The block diagram as built by SCAPS-1D software

3.3 BASELINE PARAMETERS FOR SIMULATION

The baseline material characteristics for each layer used in
this investigation are listed in Table 1 and are based on
experimental data from the literature. The concentrations of
the donor and acceptor are given by Np and Ny, respectively.
& stands for relative permittivity; x represents electron
affinity; Eg denotes bandgap; u, and p,, signify electron and
hole mobilities; N; denotes defect density; CB and VB denote
effective density of states in the conduction and valence
bands, respectively. Other modeling factors include the
thermal velocity of electrons and holes, as well as the
capture cross section of electrons and holes.

SCAPS-1D has been utilized to simulate the solar cell with
charge carrier loss processes in PSCs (Bulk defect levels of
1X10%> for each layer except the absorber layer with
2.5X1013 and interface trap defect densities). Deep insights
have been gained through modeling physical processes,
which aids in establishing the solar cell's characteristics at
high temperatures

Table -1: Baseline Parameters for Simulation

Spiro-
Characteristics SnO0z: F TiO2 EE3NH3P OMeTA
D
Thickness (um) 0.5 0.05 0.5 0.4
Band gap (eV)Eg | 3.5 3.2 1.55 2.91
Electron affinity 40 40 39 29
(eV) x
Dielectric
permittivity e 90 100 30 3
CB effective
density of states 2.20X1017 | 2.0X1018 | 2.2X1015 | 2.5X1018
(1/cm3)
VB effective
density of states 2.20X10%6 | 1.0X1019 | 2.2X1017 | 1.8X1019
(1/cm3)
Electron thermal | 4y;0; | 1.0x107 | 10107 | 1.0X107
velocity (cm/s)
Hole thermal 1X107 1.0X107 | 1.0X107 | 1.0X107
velocity (cm/s)
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Electron mobility

(cm?/Vs) 20

2.0X104 | 2 2.0X10-4

Hole mobility

3
(cm?/Vs) 10 1.0X10 2

2.0X10-4

Shallow uniform
donor density Np
(1/cm3)

1X1019 5.0X1019 | 0 0

Shallow uniform
acceptor density 0 0
Na (1/cm3)

1.0X1013 | 3.0X1018

Total Defect

15
Density Nt (cm3) 1X10

1X1015 2.5X1013 | 1X1015

4. RESULTS

Temperature dependence was applied to all other
parameters to represent the impact of temperature on the
modeled perovskite solar cell (which is the desired
temperature levels). To do this, the temperature (K) was
declared as a batch parameter in the Batch Set-up. To better
understand and quantify the impact of temperature on the
performance of the perovskite solar cell, simulations were
ran at different temperatures (measured in Kelvin, K), T =
275K - 450K, with a step increase of 25K.

4.1 RESULT OF REFERENCE MODEL

In both dark and light situations, device characteristics were
investigated. The dark currentis depicted by the RED line in
figure 6, whereas the current under light is depicted by the
BLUE trace. In the absence of illumination (dark), the solar
cell behaved like a gigantic flat diode, producing very little
current and little or no generated charges. When the solar
cell is lighted, charges produced by light photons cause
current to flow, and the solar cell begins to operate. The J-V
curve of the simulated model was shown in blue, with all of
the pre-set parameters as follows: maximum power
conversion efficiency is 29.31 percent, FF=82.63 percent,
Jsc=23.55mA/cm?, Voc=1.51V.

SCAPS 3.3.08 |-V Panel
Current Density]

current mode :* J {current density in mA/fcm2))

2E+1
|— 99 g.q
™ Abs OE+D : *.\\\ +
-1E+1
o 2E+1 A
é -3E+1 “
= 4E+ “1
-5E+1 ‘l
-BE+1
-7E+1
-8E+1-, d
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16
voltage (V)
oS = aps
Voc (V) Jse (mAfcm2) FF (%) eta (%)

1.5060 23553674 8263 29.31

Figure 6: The Dark and Illuminated J-V Characteristics of
the PSC model

4.2 Effect of Temperature on Performance of the
Perovskite Solar Cell

In simulation studies and fabrications, 300K is commonly
utilized as the working temperature since it is considered
room temperature, albeit this is not always the case in the
open field. Solar cells frequently operate at temperatures
above 300K. As a result, to better understand the impacts of
operating temperature on cell performance, the operating
temperature domain in this study has been established from
275K to 450K with a 25K step increase.

Table -1: Dependence of solar cell performance on the
Operating Temperature

T (K) | Jsc (mA/cm?) | Voc (V) | FF (%) | PCE (%)
275 | 23.553393 1.4973 | 82.8975 | 29.2360
300 | 23.553674 1.5060 | 82.6322 | 29.3119
325 | 23.553964 15102 | 82.5961 | 29.3445
350 | 23.554255 1.5105 | 82.3365 | 29.2942
375 | 23.554491 1.5078 | 82.1643 | 29.1803
400 | 23.554631 1.5027 | 81.8109 | 28.9570
425 | 23.554926 1.4957 | 81.4477 | 28.6954
450 | 23.555224 1.4874 | 80.9585 | 28.3637

The electrical properties of the PSC model are shown against
temperature in Charts 1 to 3. While the Jsc was continually
increasing, the Voc, FF, and PCE were decreasing. This
demonstrates that as the operational temperature grew, the
solar model's performance worsened. This is because
greater temperatures affect the solar cell's carrier
concentration, band gaps, electron, and hole mobilities,
resulting in lower conversion efficiency. Voc dropped as
temperature climbed because short circuit current is
temperature dependant. The rise in short circuit current is
mostly to blame for the decrease in Voc. This is due to the
fact that higher operating temperatures provide more
energy to electrons. Electrons get more energy and have a
higher level of entropy at higher temperatures. They become
very unstable, and are more likely to recombine with the
holes before reaching the electrode contacts. These findings
are consistent with those of Devi et al., (2018), discovered
that electron and hole mobility, carrier concentration, and
bandgap are all affected by high temperatures. As aresult, as
the findings of this simulation show, ambient temperature,
which has a direct influence on device temperature, has a
considerable impact on cell performance.
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As can be seen in the charts above, the implemented model
showed better performance in contrast to the conventional
trend where cell efficiency capitulates and takes a negative
trend or, in the best case scenario, remains constant for a
very short time before declining. Voc and PCE in this model
appreciated to a point (325K and 355K) above 300K before
dropping. This shows that this model has the ability to
endure thermal disturbances in these temperature ranges
above the typical operating temperature. It is a milestone in
photovoltaic research that stand-alone perovskite solar
modules running successfully at temperatures beyond 300K
and up to 355K are not only conceivable, but also possible
and achievable

5. CONCLUSION

The influence of high temperature on the performance of a
Methylammonium lead iodide perovskite solar cell was
investigated in this work using numerical modeling of the
solar cell. The device was modeled, simulated, and analyzed
using the Solar Cell Capacitance Simulator (SCAPS). The
device model produced the following results: a short-circuit
current density (Jsc) of 23.55 mA/cm?, an open circuit
voltage (Voc) of 1.51 V, a Power Conversion Efficiency of
29.31 percent, and a Fill Factor (FF) of 82.63 percent.
Temperature investigation found that the model's Voc and
PCE increased between 325K and 355K, above the 300K
standard threshold before reducing. This clearly
demonstrates that the model can resist thermal
perturbations within these high temperature ranges. The
results from this work will give a valuable guideline to
engineers and researchers in finding best possible ways to
design and produce thermally stable, high-efficiency
perovskite solar cells.
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