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biodegradable components has to be addressed. The halide-based
perovskite offers various advantages, including high efficiency, ease of
production, and low cost. Lead-free titanium-based inorganic
perovskite solar cells (PSCs) have sparked widespread scientific
consideration in current years as a means of mitigating the potentially
negative environmental impacts of lead exposure. Titanium is non-
toxic, strong, affordable, and abundantly available when compared to
other elements. The SCAPS-1D software simulates and optimizes the
performance of PSCs. This work investigated the effect of various TiO>
and NiO parameters as charge transport materials on the absorber
double layer of Cs,TiBrs and CH3sNH3SnBrsPSCs. After numerically
optimizing the perovskite layer thickness, defect density, doping
concentration and other device input parameters, a greatly efficient PSC
with PCE of 28.92%, Voc of 1.2999 V, Jsc of 24.63 mA.cm2and fill
factor of 90.32% is obtained. The findings are highly encouraging,
demonstrating the promise of Cs,TiBre/CHsNH3sSnBr; for efficient and
environmentally friendly solar applications. The findings of this work
are anticipated to not only improve understanding, but also encourage
additional research into lead-free PSCs.
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Introduction: Access to inexpensive energy sources is crucial for sustainable social and
economic development [1]. In today's world, energy demand is steadily increasing.
According to Das et al.[2], the world is becoming more industrialized and has higher living
standards. The majority of energy comes from scarce and polluting fossil resources.
Numerous energy sources have been created to address rising energy demand. Solar energy is
the most practical approach in this situation [3-4]. Improving solar cell efficiency can help
meet global energy demand, especially in underdeveloped countries. Photovoltaic cells
areused to generate direct current using the solar irradiation incident upon it [5].PSCs have
proven to be amongst the most promising. Power conversion efficiency (PCE) of more than
25% on single junction architecture is challenging to achieve when using a typical silicon
solar cell that is nearing commercialization. Only over fifteen years after its inception.
However, there are a few severe concerns that must be addressed before PSC can be
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industrialized, such as device stability in the air underneath lighting and the toxicity of the
chemicals utilized. Almost so far successful compositions for perovskite solar cells
Methylammonium (CHsNHs +) (MA), formamidinium (NH.CHNH> +) (FA), and A cation
site cesium (Cs +), B cation site lead (Pb), and ABX3 Perovskite structure X anion site iodine
(1), bromine (Br).However, the presence of harmful heavy metals like lead is linked to it. The
entire life cycle of perovskite solar cells raises significant environmental concerns. As a
result, the next high efficiency, more research communities and industrialists question its
future, opening the road for lead-free perovskite material. That is why researchers are
attempting to investigate lead-free perovskite materials for solar cells. Many lead-free
perovskite absorbers have a large bandgap and are appropriate for replacement. Further
improvements in tin-based perovskite solar cells can be made by optimizing a diversity of
parameters and device designs, which can serve as a foundation for future research. This
simulation effort controlled to the progress of a perovskite based on Cs.TiBre and
methylammonium tin bromide (CH3NHsSnBr3)[6-12]. The thickness and doping levels of
several layers, including as the electron transport layer, absorber layer, and hole transport
layer, have been changed, and the repercussions have been inspected for further performance
development. Defect densities have also been enhanced. The maximum possible efficiency is
28.92%, the highest documented to date.

Methodology:

Simulation software:Simulation of solar cell device performance is critical for optimizing a
novel material device. Because building a solar cell is both complicated and time-consuming,
simulations of the proposed structure can forecast performance and dependability prior to
construction. SETFOS, SILVACO, ATLAS, AMPS, COMSOL, and SCAPS-1D are the
software tools that can be used to simulate cell properties based on device input parameters
[13]. Researchers from Gent University's (Ghent, Belgium) Department of Electronics and
Information Systems developed SCAPS-1D as a numerical simulation application. The
SCAPS solves three equations to determine device properties: Poisson's, electron/hole
transport, and hole continuity [14].

Mathematical modelling:The SCAPS-1D simulator simulates semiconductor devices by
solving the Poisson's equation, the electron continuity equation, and the hole continuity
equation. SCAPS-1D software solves three partial differential equations to determine electron
and hole concentrations in electrostatic potentials based on x [15].This simulation project
involved much study. Cs>TiBre/CH3NH3SnBr3 is a light-absorbing substance. Unlike lead-
based perovskites, it is non-toxic. CHsNH3SnBrz may be a feasible, high-contrast alternative
to CH3NH3PbX3. The simulation’'s configuration is the most crucial components. This task
will run a device simulation. The cleavage configuration of
FTO/TiO2/Cs,TiBre/CH3NH3SnBrs/NiO/Au is depicted in Figure 1. Light passes through the
FTO edge, and Cs,TiBre/CH3NH3SnBr3 is used as the main light absorption layer sandwiched
Fluoride-doped tin oxide (FTO) serves as the front and rear metal contacts between ETL and
HTL gold (Au). TiO: is suitable ETL candidate for solar cell [16-21].This research focuses
on simulating configurations and varied attributes. The thickness of the different layers is
inputted during thesimulation. Doping concentration, effective state density of the conduction
band (CB), and valence band (VB) all fluctuate. Investigate the optimal optical and electrical
attributes for realizing high PCE.

Solar cell structure: The spectrum of solar limits the yield of a single solar cell, but this can
be enhanced by stacking two separate band gaps that can absorb higher energy photons at the
top and lower energy photons at the bottom. Figure 1 displays the proposed solar cell
structure, FTO/TiO2/Cs,TiBrs/CH3sNH3SnBrs/Au. The suggested solar cell is lighted by the
conventional AM 1.5 G1 sun through an FTO transparent layer.
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Au (Backside Anode)

CH3sNHsSnBrs (Absorber Layer)

TiO2 (Electron Transport Layer)
FTO (Front Contact)

Light Incident
Fig. 1: Schematic structure of FTO/TiO2/Cs2TiBrs/CH3sNHsSnBrs/Au-based solar cell.

Photovoltaic devices have three main parts:Light absorber Charge carriers are layers that
transform incident photons into electrons and holes; carrier collectors capture carriers; and
metal contacts transport charge carriers to an external circuit. The absorber utilized here is
Cs2TiBrs/CH3NH3SnBrs. The simulation was based on numerous prior research articles.
These references are cited. Table 1 lists the following values: Considered when developing
the fundamental configuration simulation method to achieve optimal results through
variations.

Table 1: Values representing the material properties used in the simulation.
Physical Symbol Unit NiO CH3NH3sSnBr3 | Cs2TiBrs | TiO2
Parameters (HTL) (ETL)
Thickness Th nm 150 400 400 50
Energy Eq eV 3.6 1.3 1.8 3.26
Band Gap
Electron X eV 1.8 4.17 4.47 4.2
Affinity
Dielectric &r - 11.7 10 10 10
Permittivity
(Relative)

Density of | Ny cm® 2.5X10% | 1.8X10%8 6X10'° | 1.8X10'8
States at

Valence

Band

Density of | Nc cm3 2.5X10% | 2.2X10%8 2X10'° | 2.2X10%8
States at

Conduction

Band

Hole Ve cm/s 1X10’ 1X10’ 1X10’ 1X10’
Thermal

Velocity

electron Vi cm/s 1X10’ 1X10’ 1X10/ 1X10/
Thermal

Velocity

Electron He cm¥V.s | 2.8 1.6 4.4 20
Mobility

Hole Lh cm?/V.s | 2.8 1.6 2.5 10
Mobility

Uniform ND cm3 0 1X108 1X10%* | 1x10Y
Shallow
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Donor
Doping

Uniform NA 3X10%8 1X10% 1X10%

Shallow
Acceptor
Doping

Defect cm’3 1X10%° 1.5X10% 1.5X10% | 1X10%

Density

Nt

References 22 23 24 25

Result and Discussion:Before improving each aspect that influences the power conversion
efficiency of PSCs, the baseline parameters for the PSC device were determined. These
included a 50 nm ETL layer of TiO., a 400 nm Absorber layer (of Cs,TiBrs and
CH3NH3SnBr3), and a 150 nm HTL layer of NiO. At AM 1.5G, the device worked with a
continuous illumination of 1000 W/m? at 300 K. Table 2 shows the initial values for
Voc,Jsc, FF andPCE.

Table 2: Solar cell initial parameters for the FTO/TiO2/Cs2TiBrs/ CH3sNH3SnBrs/Au

PSC structure.
Voc Jsc FF PCE
0.9187V 31.32 mA/cm? | 62.02% 17.84%

Effect of ETL (TiO2) layer thickness:The major function of the ETL layer is to transport
electrons from the absorber layer to the FTO while inhibiting them from recombining with
holes within the absorber layer [26]. The thickness of ETL is critical to achieving optimal
performance. Because ETL thickness increases, so the series resistance, and therefore
recombination occur. The thickness of the ETL layer is adjusted from 10 to 500 nm. Figure 2
shows that Vo, Jsc, FF and PCE stay nearly constant. The thickness of the TiO2 layer has no
discernible impact on the PSC output, which is consistent with previous study [27]. This is
because TiO. has a comparatively high electron mobility, which allows electrons to be easily
transported through even thin ETL layers. The low band gap also decreases the ETL layer’s

resistance. Therefore, the ETL thickness of 10nm is chosen as optimal.
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Fig. 2: Effect of ETL layer thickness on (a) Voc&Jsc, (b) PCE & FF.

Effect of shallow donor density of ETL (TiO2):To achieve optimal performance, donor
density is set between 10° and 10?2 cm™3. Numerousinvestigation groups have workingof
doping to raise the charge mobility and electron diffusion length of TiO,. Figure 3 indicates
that when the donor density of TiO; sheets is suitably enough (102°cm), PCE increases by
17.90%. The rising trend in PCE is due to increased FF at the same donor density (10%° cm®).
Furthermore, changing donor density has no discernible effect on Vo or Jsc. This increase in
PCE is attributed to more effective charge carrier collection and transfer, rather than more
charge carriers manufactured or collected [28].
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Fig. 3: Effect of shallow donor density of ETL layer on (@) Voc&Jsc, (b) PCE & FF.
Effect of defect density (Nt) of ETL (TiOz2):The trap density of states (N;) in the TiO2 layer
was modified from 10° to 10?? cm™ to evaluate its impact on the efficiency of the proposed
PSC architecture. Figure 4 shows how this Nt modification in the ETL (TiO.) affects the
photovoltaic parameters. The graph shows that Vo, Jsc, FF and PCE remain constant when Nt
increases to 10%2 cm 3,
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Fig.4: Effect of defect density Nt in TiOz layer on (a) Voc&Jsc, (b) PCE & FF.
Effect of thickness of absorber layer Cs:TiBrs:The thickness of the absorber layer
significantly affects the solar cell's performance, including Vo, Jsc, FF, and PCE. The solar
cell absorber layer absorbs photon energy and transports photo-induced electron and hole
carriers to the cell's collecting electrodes [29]. The physical properties of the absorber layer
have a considerable impact on the efficient generation and extraction of photo-generated
carriers. After a particular layer thickness, the absorber layer may become saturated with high
wavelength photon absorption, resulting in near-constant PV performance. The film structure
has a noteworthyimpact on the durability and diffusion length of photo-generated carriers,
which in turn affect the absorber layer's quality. The PCE of a solar cell is calculated using
two factors: carrier movement and light absorption. Light absorption becomes a big concern
when the absorption layer is very thin. This is owing to the ease with which the produced
carrier can contact the electrode. However, as the thickness exceeds a certain threshold,
optical absorption approaches saturation. As a consequence, carrier transportation becomes
essential. The thickness of this layer should be carefully calculated in order to absorb the
maximum protons while limiting reverse saturation current. To determine the appropriate
thickness of Cs,TiBres was varied from 250 nm to 1500 nm. Fig. 5 illustrates the effects of
absorber layer thickness on PSC performance. The results in Fig. 5 show that increasing the
absorber layer thickness reduces the current density, Voc, PCE, and FF. The Jsc decreases
from 31.20 mA/cm? to 30.15 mA/cm? as the layer thickness increases from 250 to 1500 nm.
However, the PCE decreases from 18.54% to 10.92%, Vo from 0.9276 V to 0.8945 V, and
FF from 64.06% to 40.70%. This change is due to increased absorber thickness, which
increases recombination and saturation current [30].
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Fig. 5.Effect of absorber layer thickness of Cs2TiBrs on (a) Voc&Jsc, (b) PCE & FF.
Effect of Doping Concentration (Np) of Absorber Layer Cs:TiBrs: In this investigation,
we investigate the effects of varying the concentration of Uniform Shallow Donors within the
initial absorber layer. Our experiment includes calculating various photovoltaic
characteristics while modifying the Uniform Shallow Donor concentration between 10° and
10° cm, with the goal of defining the ideal value for the Cs;TiBres layer. The results, which
include open-circuit voltage, short-circuit current, FF, and PCE, are shown in Fig. 6. The
figure shows how changing the Uniform Shallow Donor concentration affects photovoltaic
parameters like open-circuit voltage, short-circuit current, and fill factor. A maximum PCE
(~18.54%) is achieved at a Uniform Shallow Donor concentration of 1x10%° cm™ within the
first absorber layer Cs,TiBre.
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Fig. 6: Voc,Jsc, FF andPCE of first absorber layer Cs2TiBrs as a function ofUniform
Shallow Donor Doping in proposed solar cell.

Effect of Doping Concentration (Na) in (Cs2TiBrs) Absorber Layer: In this part, we
investigate the effect of varying the concentration of Uniform Shallow Acceptors within the
first absorber layer. Our analysis entails computing photovoltaic parameters while altering the
Uniform Shallow Acceptor concentration from 10*° to 10%2 cm™, with the goal of determining
the best value for the Cs>TiBrs absorber layer in the proposed solar cell. The results, which
include Vo, Jsc, FF and PCE, are shown in Fig.7. The figure shows that changing the Uniform
Shallow Acceptor concentration affects photovoltaic parameters like open-circuit voltage,
short-circuit current, and fill factor. The maximum PCE (~18.54%) was achieved at a
concentration of 10%° cm™ within the absorber layer.
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Fig.7: Voc, Jsc, FF and PCEof first absorber layer as a function ofUniform Shallow
Acceptor Doping inCs2TiBres.
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Effect of Defect Density (Ni)inCs2TiBrs (Absorber Layer): The initial Nt value within this
layer is set to 10* cm™. Fig. 8 represents the link between PV parameters and N; within the
absorber layer. Significant improvements in the PV characteristics of the PSC are found when
the N concentration in the perovskite lowers, which is reliable with conclusions from earlier
investigations on lead perovskites. At a defect density of 1x10° cm?, the cell's PV
characteristics significantly increase, with a Jsc of 31.27 mA/cm?, Vo of 1.9351V, FF of
64.93%, and PCE of 18.99%. The defect density is tuned at 1x10° cm=, allowing all PV
parameters (Voc, Jsc, FF and PCE) to approach maximum levels.
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Fig.8: Illustrates the variation of PV parameters with defect density (N¢) of first
absorber layerCs2TiBres.

Optimization of second Absorber Layer Thickness (CH3sNHsSnBr3):Similarly, the layer
thickness of CH3NH3SnBrs is varied from 400 nm to 1500 nm to determine the optimum
thickness. Figure 9 illustrates the effects of absorber layer thickness on PSC performance.
The results in Fig. 9 show that increasing the absorber layer thickness increases only current
density while decreasing Voc, PCE, and FF. The Js increases from 31.27 mA/cm? to 34.37
mA/cm? as the layer thickness grows from 400 to 1500 nm. However, the PCE decreases
from 18.99% to 14.98%, Voc from 0.9351 V to 0.9019 V, and FF from 64.93% to 48.33%.
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Fig. 9: Effect of absorber layer thickness on (a) Voc&Jsc, (b) PCE & FF.

Effect of doping concentration (No) CHsNH3SnBrs of second Absorber Layer: Figure 10
displays that setting the doping concentration of the second Absorber Layer (CH3NH3SnBr3)
to 1x10? yields a maximum PCE of around 28.92% for the cell. The software is then updated
to reflect the revised doping concentration value for the second Absorber Layer
(CH3sNH3sSnBr3). The doping concentration of the second Absorber Layer (CH3NH3SnBr3) is
approximated between 1x10%° to 1x10%2 cm utilizing photovoltaic metrics such as Voc, Jsc,
FF, and PCE, as given in Fig. 10.
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Fig.10: Voc, Jsc, FF and PCEof second absorber layer CHsNH3SnBrs as a function
ofUniform Shallow Donor Doping in proposed solar cell.

Effect of doping concentration (Na) in (CHsNHsSnBr3) second Absorber Layer: In this
part, we investigate the effects of varying the concentration of Uniform Shallow Acceptors
within the second absorber layer. Our research comprises analysing photovoltaic properties
while adjusting the Uniform Shallow Acceptor concentration between 10° and 10%? cm, with
the goal of determining the best value for the CH3NH3SnBrz absorber layer in the proposed
solar cell. The results, including Voc, Jsc, FF, and PCE, are shown in Figure 11. The figure
shows how changing the Uniform Shallow Acceptor concentration affects photovoltaic
parameters like open-circuit voltage, short-circuit current, and fill factor. The maximum PCE
(~28.92%) was achieved at a concentration of 10° cm™ within the second absorber layer.
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Fig.11: Vo, Jsc, FF and PCEof second absorber layer as a function ofUniform Shallow
Acceptor Doping inCHsNH3SnBrs.

Effect of Defect Density (Nt)inCH3sNHsSnBrs (Absorber Layer): The initial Nt value in
the second absorber layer is set to 10'® cm=. Fig. 12 illustrates the relationship between PV
parameters and N in the second absorber layer. Significant improvements in the PV
characteristics of the PSC are originate when the N: content of the perovskite drops, which is
steady with findings from earlier experiments on lead perovskites. At a defect density of 1.0
x 10% cm3, the cell's PV properties significantly improve, obtaining a Jsc of 24.63 mA/cm?,
Voc 0f 1.2999 V, FF of 90.32%, and PCE of 28.92%. The defect density is optimized to 1.0 x
10** cm3, allowing all PV parameters (Voc, Jsc, FF and PCE) to approach maximum levels.
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Fig.12: Hlustrates the variation of PV parameters with defect density (N:) of second
absorber layerCHsNH3SnBrs.

Influence of HTL (NiO) layer thickness:The primary function of an HTL layer is to
accumulate holes while reducing recombination at the back contact. It also promotes
holemovement from the absorber layer to the rear contact [31]. A larger HTL layer gives
holes a longer path to back contact, reducing the possibility of recombination. While
optimizing the HTL layer thickness, the absorber and ETL layer thicknesses are kept
constant. In this study, the thickness of an HTL layer is adjusted from 10 to 500 nm. Figure
13 illustrates that changing the HTL thickness has no role on the Vo or the fill factor. A
thicker HTL layer has a larger series resistance, which might reduce the solar cell's
efficiency. However, to limit the chance of recombination, HTL must have a thicker layer
than ETL.



Anchal Srivastava/Afr.).Bio.Sc.6.12(2024) Page 1250 of 15

14 30 a2 30
12 29 29
28 90 28
1 27
v 88 27
0.8 26
Voc (V) 25 Jgc (mA.cm?) FF (%) 86 25 PCE (%)
0.6
—voC 24 s . 24
4 23 23
0 ——J5C
22 =——PCE 22

0.2 82
21 21

0 20 80 20
10 110 210 310 410 10 110 210 310 410

Thickness (nm) Thickness (nm)

Fig. 13:Influence of HTL layer thickness on Voc, Jsc, FF and PCE.
Influence of Acceptor Density of HTL (NiO):Acceptor density was increased from 1 x 109
to 1 x 10%* cm™3 to enhance performance. A comparable rise in PCE is observed. Figure 14
indicates that the values of all parameters remained constant as the value of acceptor density
rose. However, the greatest value of PCE was found to be 28.92% when the optimum value
of Na was chosen to be 1 x 10, Higher values of NA can create coulomb traps, resulting in
lower hole mobility [32]. The suggested cell has Vo, Jsc, FF and PCEvalues 0f1.2999 V,
24.63 mA/cm?,90.32% and28.92%, when NA of HTL is 1 x 10Ycm.
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Fig. 14:Influence of acceptor density of HTL layer on Vo, Jsc, FF and PCE.
Influence of Defect Density of HTL (NiO):The trap density of states (N¢) in the NiO layer
was modified from 10° to 10?2 cm™ to evaluate the overall power efficiency of the proposed
PSC architecture. The effect of this Nalteration in the HTL (NiO) on the photovoltaic
parameters is seen in figure 15. The graph shows that Vo, Jsc, FF and PCE remain constant
when N increases to 1022 cm™,
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Fig.15: Influence of defect density Nt in NiO layer on theVoc, Jsc, FF and PCE of the
proposed solar cell.
Effect of temperature:The solar cell's production is strongly reliant on its operating
temperature. Solar panels normally perform at temperatures above 300 K. Solar cells'
operating temperature, on the other hand, might vary throughout production, characterisation,
and environmental use. Heights, latitude, time of day in a given location, and season all have
an impact on the ambient temperature. As a result, the effect of operating temperature on PSC
performance is explored over a temperature range of 250 K to 500 K. Fig.16 shows the
measured J-V parameters together with temperature variations. The graph shows how power
efficiency slowly increases with growing temperature up to 440 K. As the temperature rises,
the Voc decreases because more interfacial defects are formed. The total performance is
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optimal at 420 K, with 29.84% of PCE, 1.2596 V of Vo, 87.21% of FF, and 27.16 mA.cm™
0flsc.
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Fig. 16:Influence of temperature on () Voc&Jsc, (b) PCE & FF.

Influence of series resistance:A series resistance is an internal resistance in a solar cell that
inhibits the flow of electricity. The series resistance of a device influences both its FF and
short-circuit current density [33]. The passage of current causes bulk resistance, whereas
front and back contacts, interfaces, and other points of contact provide series resistance.
Variations in series resistance have a major impact on PSC efficiency, suggesting that the
lowest attainable series resistance yields the best device performance. Fig. 17 indicates that
when the series resistance increasing from 0 to 15 ohm.cm2 reduces the value of PCE from
28.92% to 20.37 percent. FF fell from 90.32 percent to 63.62%. A high series resistance
promotes recombination by increasing the voltage drop through the solar cell, making it
tougher for charge carriers to reach the electrodes. According to the equation below, the
higher the series resistance, the greater the energy loss in a solar cell [34].
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Fig. 17:Influence of series resistance on (a) Voc&Jsc, (b) PCE & FF.

Influence of shunt resistance:Every electronic device includes some resistance. Several
charge recombination processes produce shunt resistance. To get better performance, much
larger shunt resistance is required [35]. A larger shunt resistance indicates that less current is
wasted along the parallel channel, subsequent in a more efficient solar cell. The impact of the
shunt resistance modelling procedure is investigated. The simulation shows that shunt
resistance has relatively little influence on the PSC's performance. In Fig. 18, Jsc remains
practically constant at 24.63% when we varied the shunt resistance from 10* to 10 ohm.cm?,
despite an increase in FFand PCE. The value of PCE increased from 1.52% to 28.92%, while
FF increased from 25.00% to 90.32%. This phenomenon happens when the shunt resistance
increases, subsequent in a decrease in the amount of current lost owing to shunt
recombination, hence increasing both FF and PCE. In most circumstances, a poorly designed
PSC device or a manufacturing flaw has a considerable impact on the shunt resistance.
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Fig. 18:Influence of shunt resistance on (a) Voc&Jsc, (b) PCE & FF.

Analysis of quantum efficiency (QE):The quantum efficiency of a PSC is its ability to
convert received photons into electrical charge carriers, specifically electrons and holes. QE
is determined by the ratio of gathered carriers to photons with certain energy that reach the
solar cell [36]. The efficiency can be referring to in terms of wavelength or energy. Fig. 19
depicts how the efficiency of solar cell initially increases with longer wavelengths, reaches a
peak, and subsequently decreases. This behaviour happens because the material’'s quantum
characteristics determine how it responds to different wavelengths. As a result, if the
wavelength is too short or too long, the efficiency decreases. Solar rays with wavelengths
ranging from 370 to 650 nm are generally sufficientto release electrons from their weak
bonds and create an electric current. This behaviour is linked to the material's bandgap.
Photos with energies over the bandgap are absorbed; however they result in further energy
loss as heat, whereas photons below the bandgap are not absorbed. However, due to quantum
effects in the material, the exact range may differ. In this simulation, the maximum efficiency
is achieved at a wavelength of 380 nm, as illustrated in Fig. 19.
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Fig.19: The response of QE concerning incident photon wavelength for the suggested
solar cell.
Influence of the work function of back contact material: The back contact material must
be tuned to improve the output of PSCs. Its major function is to transmit solar energy to an
external circuit. The metal contact offers an ohmic contact for connection, and it must be
non-corrosive. Minority charge carriers should have modest recombination rates. PSC allows
for the use of a diversity of back contacts, including Ag, Au, Pt, and Pd. The frequently used
back contact is Ag, however it has a lower metal work function of 4.2 eV, which might pose
instability issues. A significant energy-level discrepancy at the absorber layer/metal contact,
which causes the creation of a Schottky junction and lowers device efficiency, may cause the
device performance to fall below this work function value [37]. Schottky junction
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development can degrade the performance of a PSC. This is because the Schottky junction
prevents the charge carrier flow. As a result, selecting an appropriate back contact material
with a high value of metal work function is critical for achieving greater efficiency. This is
because the electrons from the semiconductor will flow into the metal, bringing their Fermi
levels closer to those of the metal. The work function's parameters change from 3.5t0 5.2 eV.
Figure 20 demonstrates that for work function 5.1 eV, the maximum PCE of 28.92% occurs
for gold (Au). According to this analysis, the work function value should be at least 5.1 eV
for enhanced efficiency; performance may suffer if it is lower.

1.4 40

25
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Vo (V) 20 Jo (mA.cm?) FF (%) PCE (%)

3s 4 as 5 5 5
Work Function of Back Contact (eV) Work Function of Back Contact (eV)

Fig.20: Effect of work-function of back contact on the PCE performance of the
proposed structure.

Conclusions:This paper describes a lead-free, ecologically friendly, and stable Cs,TiBrs and
CHsNHsSnBrs-based all-inorganic PSCs that employs all inorganic charge transport
components. The ideal layer thicknesses were determined to build a unique high-performance
n-i-p solar cell (Au/NiO/CH3NH3SnBrs/Cs:TiBre/TiO2/FTO). We used SCAPS 1D to
theoretically analyse and optimise the suggested solar cell for PV characterisation. After
optimizing each layer, a notable efficiency of 28.926%, short circuit current density of 24.63
mA/cm?, open-circuit voltage of 1.2999 V, and fill factor of 90.32% were obtained. The
entire world is shifting towards renewable energy sources. As a result, there are considerable
opportunities to design an efficient and cost-effective energy system. The conclusions of
presentresearch will not only shed light on the PV process, but will also pave the way for the
development of lead-free and efficient solar gadgets. The findings of this work are expected
to add to the development of dependable and highly efficient PSCs that do not include lead or
other harmful compounds.
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