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Recent successes in the development of lead (Pb) halide perovskites have
urged extensive research into cost-effective photovoltaic devices, to avoid
significant challenges related to stability and toxicity. In this study, device
modeling was presented for lead (Pb)-free perovskite solar cells (PSC), by
employing FAsnls as the perovskite absorber layer. The simulation evaluates
the impact of varying thickness, acceptor density of the hole transport layer
(HTL), and temperature within the ranges from 50 to 250 nm, 1x1018 cm-3 to
1x1022 cm3, and 300 K to 450 K, respectively. The photovoltaic cell has
inverted geometry (p-i-n) and device structure is
ITO/PEDOT:PSS/FASnl3/BCP/Au. The FASnlz-based PSC exhibits an
efficiency of 14.03%, current density (Jsc) 20.4 mA/cm?, fill factor (FF) 76.7%,
and open circuit voltage (Voc) 0.92 V and these results are already presented
experimental with same device structure. These results showed that a more
eco-friendly solar cell using methyl ammonium tin was created successfully as
perovskite. It is suggested to use alternative materials instead of methyl
ammonium tin as perovskite.

Keywords:
Perovskite Solar Cells (PSC), FASnls, HTL,
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Introduction

he perovskite solar cells (PSC) which
are based on the halide-lead are those
solar cells which have an efficiency
which is like the silicon based solar
cells. In the future, they will compete the
conventional solar cells, because they have
favorable light absorption, excellent lifespan,
variable absorption coefficients, extended

diffusion length, simple production procedures,
and other advantages [1,2]. PSC with the MAPDbI;
gave an efficiency up to 25.7% which was
starting from a very small number 3.8%. This
increase in an efficiency noticed in a very short
duration [3,4]. Beside that there are lot of
problems related to the use of lead based
perovskite materials, because these materials
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are lead toxic which effect the environmental
factors [5]. Accordingly, many researchers are
moving towards the lead free PSC, using the
Sn/Ge and Bi/Sb for the assembling of lead free
PSC with 1.41 to 1.21 band gap, non-toxic effect,
larger electrical response, and good stability [6-
10]. The lead free and lead based perovskite
solar cells both nearly show same efficiency
[11,12]. Whereas thermal stability of FA is larger
than that of MA so there is other need to be
replacing MA by FA in PSC and Pb with Sn. The
new perovskite material FASnl; came which
have lower band gap (Eg) 1.41 and large
temperature stability about 200 °C, due to that
reasons this perovskite material get an
attraction by the researcher’s and many of
research has been done on it with the power
conversion efficiency from 2.1% to 14%
experimentally according to our literature
survey [13,14]. When we use FASnl; as a
perovskite layer then, overall size of the film will
increase and cause the maximum light
harvesting [15,16], where Abdelaziz et al. use
the SCAPS-ID simulation software to notice the
effect of different factors on performances of the
FASnIz based solar cells like thickness, donor
density, defect density, doping concentration
and an efficiency of the cell up to 14.3% [17-19].

This study aims to improve solar cell efficiency
using tin-based lead-free material (FASnI3) with
SCAPS-1D modeling. In our inverted solar cell
with p-i-n geometry, FASnlz was utilized as a
perovskite material and simulate the
experimental work under AM1.5G light. The
process can be simulated at a temperature of
300k by adding a maximum of seven sheets, in
both dark and light environments. Aggregate
and interface imperfections can have permitted
concentrations. It can be used with both
amorphous and crystalline photovoltaic panels.

Simulation Parameters

PSC structure is constructed as hole and electron
transport layers are known as HTL and ETL,
transparent glass (FTO and ITO), in addition,
perovskite layer (absorber layer) is presented
between the HTL and ETL, as displayed in Figure
1 [19]. Depending on the arrangement of layers,
PSC have two different types of geometry planer

(n-i-p) and inverted (p-i-n). An electrons and
holes are extracted from the absorber layer and
move toward the respective layer like ETL and
HTL [20,21]. Our solar cell is inverted in which
the arrangement of the layers is ITO/
PEDOT:PSS/ FASnls/ BCP/Au. In our cell,
PEDOT:PSS acts as the HTL, FASnI3 behaves like
a PAL and indene-Cgo bisadduct (ICBA) BCP is
ETL. Geometry of the presented solar cells is
same as the experimental one [7]. Some
parameters data is from already presented
simulation works, which we use for our
simulation in Table 1 [17,22]. The power
conversion efficiency was noticed from the
simulation work is related to the experimental
work which is already done by Zhu et al. [23].
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Glass substrate
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Figure 1 Perovskite solar cell [24]
Results and Discussion

In this section, some factors are discussed
affecting on the resultant efficiency like
thickness, donor density of HTL, and the
temperature by the SCAPS-1D simulation
software.

Effect of Thickness of Hole Transport Layer

The efficiency of photovoltaic cells is
significantly influenced by the HTL. Here, we
observed the effect of increasing the HTL
thicknesses between 50 nm to 250 nm upon the
efficiency of the photovoltaic cell, as depicted in
Figure 2(a-d).
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Figure 2 (a) Effect of HTL thickness on PEC and (b) effect of HTL thickness on Fill factor(c) Effect of
HTL thickness on Jsc and 2(d) Effect of HTL thickness on Voc

Initially, Figure 2 (a) shows, when the thickness
were increases from 50 nm to 250 nm with the
gap difference of 50 nm, PCE of device was
decreased between 14.07% and 8.38%,

respectively. When the HTL thickness was
increased, the hole movement was decreased
from layer to glass and reason recombination
was increased in the film.
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Table 1 Parameters used for simulation [17,22]

Parameters ITO
NA(cm-3) 0[25]
ND(cm3) 1.0E+21 [25]
Hole-mobility (cm2/Vs) 1.0E+1 [25]
Electron-mobility (cm2/Vs) 2.0E+1

VB (cm3) 1.8E+19

CB (cm3) 2.2E+19
Permittivity 9.00

Band gap (eV) 3.5
Thickness (nm) 500
Electron affinity (eV) 4.0

PEDOT:SS FASnI3 BCP

0 0 1.0E+18
1.0E+18 7.00E+16 0
4.50E-2 2.2E+1 8.600E+3
4.50E-2 2.2E+1 2.0E+2
1.8E+19 1.0E+18 1.0E+19
2.0E+18 1.0E+18 2.0E+19
3 8.200 7.5

1.6 141 2.2

50 350 50

3.9 4.0 3.4

When the thickness of HTL rises, fill factor falls,
as Figure 2 (b) illustrated. The main reason in
the decreasing the value of Fill factor is
increased in resistance of the device. This is
because the thicker layer limits the carriers’
mobility, leading to a decrease in the current
density and a decrease in the device efficiency.
In addition, the thicker layer increases the
surface  states, result higher surface
recombination and decline the number of charge
carriers reaching in the electrodes. Due to the
reason of these factors FF decreases in Table 2
[26,27].

From Figure 2 (c), it is noticed that the current
density values are further decreased because
due to increased recombination [28]. Likewise,
the charge carriers towards the electrodes
decrease, leading to a fall in current density.

Figure 2 (d) illustrates that the Voc (open circuit
voltage) decreases because when thickness of
layer increases, there is a greater distance for the
photogenerated electrons and holes to travel
before they reach their respective electrodes,
leading to more recombination, and
recombination of carrier consequences in a
decrease in Voc [29].

Effect of Acceptor Density (NA) of Hole Transport
Layer

Acceptor density shows an energetic role in
enactment of photovoltaic cell. Here, we increase
value of acceptor density to notice its effect on
enactment of device, while other parameters of
layers will remain optimize.

Table 2 Comparisons of simulation work with experimental

Parameters ITO/PEDOT:SS/FASnI3/BCP ITO/PEDOT:SS/FASnl3/BCP
PEC (%) 14.03 14.07

Jsc (mA/cm?) 20.4 20.67

Voc (V) 0.92 0.95

FF (%) 76.7 71.21

Referances Experi. [23] Simulation
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The performances of photovoltaic cell were
increased by increasing the acceptor density as
shown in Figure 3 (a-d). Figure 3(a)
demonstrates that efficiency of the cell increases
from 14.07% to 14.21%, when the acceptor
density increases from 1x1018 to 1x1022, because
the mobility of charge carriers are increased and
they are able to reach their respective electrode.
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The increased in mobility of charge carriers is
due to increased number of available dopant
molecules/ions with higher acceptor density.
These dopant molecules/ions act as charge
carriers, enabling the transport of electric
charge through the material and become the
main reason in increasing the cell efficiency
[30,31].
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Figure 3 (a) Effect of HTL acceptor density on PCE, (b) Effect of HTL acceptor density on Jsc, (c) Effect
of HTL acceptor density on Voc, and (d) Effect of HTL acceptor density on FF

While the current density values are increases
from 20.6776 mA/cm? to 20.8818 mA/cm? as
illustrate in Figure 3(b). This is due to decrease
in resistance within the structure of the device

while Voc is not affected as we can see in Figure
3 (c), because Voc is depended on band gap of
semiconductor material, which is not changed
by the increased acceptor density [32]. Fill factor

248
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(FF) of PSC is playing a vital role that describes
the cell competence in converting sunlight into
electrical energy, and which is ratio of the power
maximum output of cell to the product of Voc
and Jsc. The FF of a PSC can be affected by
different factors, such as the recombination
rates of charges, movement of charges, and the
electrical conductivity of the different layers in
the device [33]. Figure 3(c) shows the effect of
acceptor density on FF, when NA of HTL
increases from 1x1018 to 1x10 22, this leads to a
complex interplay between charge collection
efficiency and recombination rates, resulting in
a small increase in the FF of the PSC.

Effect of Temperature on Device Performance

The PSC performance was decreased
significantly, as shown in Figure 4 (a-b) whereas
the efficiency, FF, Jsc, and Voc values remained
from 14.07 % to 9.51 %, 71.21 % to 64.83 %,
20.6776 mA/cm3 to 22 0.75475 mA/cm3, and
09553 V to 0.6646 V, when the system
temperature increases from 300 k to 500 k. This
decrease in performance is mainly due to
changes in the bandgap, charge carrier mobility,
crystalline structure, and device stability.

Bandgap Narrowing:PSC have an E; between
1.5-1.6 eV, which means that it can absorb

- voc

T T T T
300 350 400 450 500

temperature (k)

jsc

photons in the visible range. However, when the
temperature of the system increases, the band
gap of perovskite becomes narrow. As a result,
the solar cell can no longer absorb photons in the
visible range, and the overall efficiency of the
system decreases.

Charge Carrier Mobility:When temperature of
system rises, mobility of charges in perovskite
layer decreases. This is because the thermal
energy causes more collisions between the
charge carriers, which slow them down. As an
outcome, current and efficiency of system drops.

Crystalline Structure:Perovskite solar cells
have a polycrystalline structure, which means
that they consist of many small crystals. When
the temperature of the system increases, these
crystals can start to grow and merge, which can
lead to defects in the crystal structure. These
defects can trap charge carriers, reducing their
mobility and overall efficiency.

Device Stability:Perovskite solar cells are
known to be unstable at higher temperatures.
The thermal stress can cause the device to
become less stable, causing a loss of efficiency
over time. Therefore, it is important to consider
device stability when designing PSCs for
extraordinary-temperature applications.
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Conclusion

A lead-free perovskite solar cell was introduced
using the non-toxic FASnl;, based on tin (Sn).
The study includes a thorough analysis
conducted through SCAPS 1D simulation
software. The results showed that optimizing
the thickness and acceptor density of HTL in
ITO/PEDOT:PSS/FASnl3/BCP/Au solar cells can
enhance their efficiency, while an increase in
temperature adversely affects performance.
Through simulation in conjunction with
experimental work, the study achieved an
important efficiency of 14.07% for the
ITO/PEDOT:PSS/FASnl3/BCP/Au solar cell,
exhibiting promising characteristics such as Voc
(0.95 V), Jsc (20.67 mA/cm2), and FF (71.21%).
This suggests a significant advancement in lead-
free perovskite solar cell technology. In addition,
the investigation successfully positions the low-
cost and non-toxic FASnls;-based perovskite
solar cell as a viable contender within the
photovoltaic industry.
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