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Tin based perovskite solar cell have gained the significant attention in recent year due to its potential to revolutionize the
field of photovoltaic. The substitution of lead with tin in perovskite solar cells helps address the toxicity issues associated
with lead based material. Formamidinium tin triiodide (FASnl;) had a more solid perovskite structure, wider bandgap of
1.41 eV and is more temperature stable than methylammonium tin triiodide (MASnl;). These are the reasons we chose
FASnl; in this study. In this work we simulated FASnl; based perovskite solar cell using tungsten trioxide (WO3) as an
electron transport material and cuprous oxide (Cu,O) as an hole transport material using SCAPS simulation.We investigated
the impact of varying the thickness and doping concentration of different layer of PSC. Additionally, the effect of interface
defect density and temperature dependence on device performance are examined. Further, various metal back contacts such
as Au, Ag, Cu, Pt and Ni are investigated to enhance the power conversion efficiency (PCE) of final structure. The initial
design was founded on an reported simulation that achieved the PCE of 14.03 %.The proposed solar cell structure has
shown an efficiency of 23.44 % with a Jsc of 22.83 (mA/cm?), a Voc of 1.18 V, and a FF of 86.95 %. It is the highest
reported efficiency of FASnl; based perovskite solar cell using WO; as an ETL till date.
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1 Introduction

The field of perovskite solar cell has seen rapid
advancement in the past few years. Perovskite solar
cell is lightweight, flexible and can be engineered to
absorb light across a wide range of solar spectrum.
Perovskite solar cells possess exceptional intrinsic
properties and can be produced using low cost,
scalable manufacturing techniques such as solution
process'®. The chemical formula of the organic—
inorganic perovskite substance is ABX;. It is
composed of three elements: a halide anion (I', Br,
CI, or a combination of these), a divalent metal cation
(Sn** or Pb*"), and a monovalent organic cation (FA",
MA®, or Cs’). Due to their remarkable qualities,
methylammonium lead halide perovskite solar cells
have attracted a lot of attention from around the
world. These characteristics include the ability to be
produced using solution-based processes, a high
extinction coefficient that facilitates effective
absorption of sunlight, an appropriate band gap for
efficient conversion of solar energy, and notable
advances in power conversion””’

In 2009 group of Japanese scientist led by
Miyasaka created the first perovskite solar cell using
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TiO, on Dye-Sensitized Solar Cell. In the press of
liquid electrolyte, the stability was very low and the
PCE was only 3.8%". In 2011, Park achieved a 6.5%
increase in cell efficiency by employing a parallel
approach with Quantum dots for monocrystalline
materials’. To date, perovskite solar cells have a
power conversion efficiency (PCE) of more than
25%'°.  Lead-based PSCs were not fully
commercialised despite the significant advancements
in PCE because of health and environmental concerns
due to lead toxicity. As a result, a lot of work has
gone into finding non-toxic metals such as tin to
replace lead position in perovskite solar cell'' Sn and
Pb belong to the same group and have similarities in
their optical and electrical characteristics, tin-based
PSCs have demonstrated extremely promising
performance. Sn** is an easy replacement of
Pb?" because ionic radius of Sn’’(110 pm) and
Pb*"(119 pm) is close to one another'”. Furthermore,
compared to Pb-based perovskites, Sn-based
perovskites exhibit comparable or better electrical and
optical characteristics, such as longer-lived hot
carriers and higher charge carrier mobilities'’. Sn-
based perovskites with an optical bandgap between
1.2 and 1.4 eV have the potential to attain a PCE of
about 33%'*">. Therefore, Sn is the most likely option
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to replace the hazardous lead compound and has a lot
of promise for the creation of extremely effective
solar cells.

Commonly used tin based perovskite solar cell,
MASnl; (1.3 eV), CsSnl; (1.3 eV), and FASnl;
(1.41 eV) have lower energy bandgaps than MAPDI;
(1.59 eV), which can maximize photon absorption
from incoming sunlight'.

In 2012 a complete lead free tin based perovskite
solar cell was used with efficiency 0.9%'’. The first
research on perovskite solar cells based on FASnl;
was published in 2015 with reported efficiency of
1.41%'®. In 2016 Lead free Inverted device
architecture with a PCE of 6.22% was introduced by
using formamidinium tin triiodide as an absorber
layer'. New method is pioneered for the controlled
crystallization of FASnl;, resulting in a material that
achieved a photovoltaic conversion efficiency (PCE)
of 4.8%. Subsequent advancements by introducing
ethylenediammonium doping into FASnl; led to a
notable enhancement in efficiency, reaching 7.14 %'
In parallel efforts, A demonstration on significant
progress in all inorganic tin-based perovskite solar
cells is shown, achieving a promising efficiency
milestone of 7.11%%.

A remarkable power conversion efficiency (PCE)
of 10.1% was obtained in 2019 by deploying a novel
strategy in which m-conjugated Lewis base molecules
was employed to control the formation of grain
boundaries during the crystallisation of HC(NH,),Snl;
films>. In recent study an excellent efficiency of 11.4
% was obtained by incorporating phenylhydrazine
hydrochloride into HC(NH,),Snl; films to prevent the
formation of Sn** ions which led to the malfunction of
the device®. In 2020, efficiency of 14.03 % is
attainted by SCAPS device simulation study of PSC
having FASnl; as the active layer”. In 2023 lead free
FASnl; perovskite nanocrystal is successfully
produced by using room temperature synthesis™.

In this work we employed FASnl; as a perovskite
absorber layer because it is superior semiconductor as
compared to MASnl;. FASnl; has lower bandgap of
1.2-1.4 eV and higher absorption coefficient of 10°.
Most research proved that FASnl; demonstrated great
device performance have higher radiative bi-
molecular recombination rate constants, lower Auger
recombination, greater carrier mobility and also
possess exceptional thermal stability over MASnI;*’.
According to the research done factors responsible
for stability difference between MASnI; and FASnl;
are variations in crystal structure, electronic

characteristics, spin-orbit coupling effects, and the
interaction between the organic cation and inorganic
framework™,

Tin based PSC is sensitive to the atmosphere due to
its low efficiency and simple oxidation issue.
According to group of researcher the primary
problems include the easy oxidation of Sn*" to Sn*"
species, the simple creation of tin vacancies, and the
quick deterioration of tin-based perovskites in
ambient air®’.

In this work we have used tungsten trioxide (WO;)
as an electron transport layer and cuprous oxide
(Cuy0) as a hole transport layer. Properly designed
ETL and HTL layers can help minimize
recombination, thus enhancing the overall efficiency
of the solar cell. We Chose Cu,O as an HTL because
it is an abundant and ecofriendly material. It has high
absorption coefficient (~10%) and low cost of
fabrication. WO; is used as the electron transport
layer because it has strong electron mobility, high
conductivity and 80% transmittance in the visible
spectrum. Furthermore, WO; is inexpensive and
simple to fabricate.

2 Methodology for simulation and Structure

2.1 Device structure

In this proposed device configuration, the glass
substrate is coated with fluorine-doped tin oxide
(FTO) serving as a transparent conductive electrode
(TCE). The application of FTO renders the glass
substrate low in resistance and highly transparent,
allowing incoming light to penetrate. The primary
function of the TCE is to facilitate the transmission of
light to the photoactive layer, where electron-hole
pairs are generated.

The WO; ETL (Electron Transport Layer) and FTO
layer are combined as a front contact, while the HTL
(Hole Transport Layer) Cu,O is paired with an Au
metal electrode to form the back contact. Solar
radiation enters the device through the glass side, and
the absorber layer absorbs photons, initiating the
generation of electron-hole pairs at the junction. To
ensure effective separation of oppositely charged
carriers, the ETL and HTL function as electron and
hole transport layers, respectively.

In this device architecture, a window layer is
integrated to prevent carrier recombination at the
junction surface, maximizing the generation of
electron-hole pairs at the absorber layer junction.
Subsequently, under the influence of an external load,
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electrons injected into the ETL are transported to the
HTL. Thus, the sequence of events within the device
encompasses photon absorption, electron-hole pair
generation, carrier separation, and the movement of
generated carriers. Fig. 1(a & b) shows design
configuration of the simulated work.

The current work is carried out using the SCAPS-
1D (ver.3.3.07) simulation program, created by the
University of Gent in Belgium. The simulations were
performed at standard illumination conditions of 1000
W/m® and 300 K in the AM 1.5 G spectrum. Seven
distinct layers can be used to create a heterostructure
solar cell in SCAPS-1D, and simulation can be run in
both light and dark environmental conditions®".

The mathematical equations employed in the
simulation process include Continuity and Poisson's
equations, which are effectively solved by the
SCAPS-1D simulator program.

2.1 Simulation Methodology
The initial parameters used in simulation were
obtained from multiple theoretical and experimental
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analysis and optimization of the proposed
heterostructure. Through this precise model,
measurements can be thoroughly scrutinized,

empowering researchers to gain deeper insights into
the performance dynamics of the system.

The SCAPS-1D software was employed to simulate
and analyze the J-V characteristics of perovskite solar
cells. SCAPS interface offers various actions to choose
from, allowing users to select measurements such as
band diagram, electron affinity, carrier density, doping
concentration, electric field, and the thickness of
window, buffer, and absorber layers.

Utilizing the capabilities of the SCAPS simulation
software, researchers can delve into a comprehensive
analysis encompassing parameters crucial for solar
cell performance evaluation. These parameters
include power conversion efficiency (PCE), fill factor
(FF), short-circuit current, open-circuit voltage, J-V
characteristics curve, AC characteristics, and spectral
response quantum efficiency (QE).

Table 1 — Basic parameters of each layers used in device

e ” ) : simulation®*°.
publications, summarized in Table 1. In this  Parameters FTO WO, FASnl; Cu,0
simulation different parameters of the designed solar ~ W(um) 0.40 0.04 0.350 0.250
cell are optimally varied in order to forecast the EE(S\X) z31.(5) g'g ;gg 23-127
maximum possible efﬁmency. e 9.0 43 9 711
Numerical modelling serves as a powerful tool,  Nc(cm?) 22x10% 1x102 22x107 22x10"
employing computer simulations to dissect the  Nv (c1121'3) 1.8x10” 2x10° 1.8x10° 1.1x 10219
intricate behaviors of various systems through the — He(cm’/V-S) 20 50 2x10 2x 10
. . . 1, (cm?/V-S) 10 50 2x10 3x 10
resolution of mathematical equations. ND (em™) 2%10°  2x10" 0 0
In this context, thg SCAPS simulgtion tool emerges N?(cm'3) 1015 1013 105 10'5
as a cornerstone, facilitating the meticulous numerical N, (cm™) 0 0 0 1x10"
AN
(a) (b)
Electron transfm
-3.2
FTO -4.2
WO3 (ETL) -4.0 FASNI3 Cu20 -5.1
WOs3
FASNI3 (ACTIVE LAYER) FTO -5.37 Au
-5.9
74 U U

Hole transfer

Fig. 1 — (a) device configuration of simulated structure (b) Energy level band diagram
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SCAPS-1D simulator program solves fundamental
mathematical equations like Poisson's equations
and continuity equation.Where n(x) and p(x) are
trapped hole and electron density. Donor density
and acceptor density is denoted by Np and Nj
respectively.

= (—252) = () = n() + Np(X) = Na (9 + p(x) = n(x)]
(1)
One dimensional continuity equation for electrons
and holes are as follows

on(x,t) _ 1 6]n

%t 4 ox +G,(x,t) =R, (x, 1) ... (2)
JpxH _ 1 9]p
ot 3 0x + Gp(x,t) =Ry (%, 1) .. (3)
Carrier density for electrons and holes are
d
Jn=q (nu,E+D, ) (@)
d
Jp=a (pu,E+ D, E) .. (5
In steady state condltlons =0, Hence
1 0J,
: I = —Gy(6t) — Ry(x1) ... (6)

On substituting the value of j, from the above
equation we get

nund + Eund +D =—-G,(x,t) —R,x,t) ...(7)

n dx T
Similarly for holes

= —Gp(x,t) —Rp(x,t) ... (8)

These coupled differential equations are solved by
SCAPS, to find the unknown variables.

pupdx Eupd +D

dez -

3 Results and discussion

3.1 The effect of varying absorber layer thickness

The fundamental parameters used to run the
SCAPS simulation are listed in Tables 1 & 2.
In this work we are varying the thickness of FASnI;
absorber layer from 100 nm to 700 nm. Fig. 2. shows
the impact of thickness variation on the performance
parameters. Voc, Jsc, FF and PCE is varying in
range (1.183-1.174 V), (14.04-23.6 mA/cm?), (87.40-
86.12 %) and (14.54-25.53%) respectively. Absorber
layer thickness plays a crucial role in determining its
performance of perovskite solar cell.

Variations in absorber thickness notably affect the
short-circuit current density (Jsc) of the device. This is

primarily because the thickness of the absorber
determines the absorption of incident light, which in
turn regulates the density of photo-generated carriers.
Thus, investigating the influence of absorber
thickness on device performance is crucial for
optimizing its efficiency. Quality of absorber layer is
a crucial parameter for determining the carrier
lifetime within the active region of solar cells, If the
diffusion length is short generated carriers within the
bulk are prone to recombine prematurely, diminishing
the overall performance of solar cells. Relation
between carrier lifetime and diffusion length is given
by Eq. 9.%

Lo = v Tn(p Di (p) ...9

Here, Ln(p) represents the electron (hole) diffusion
length, tn(p) denotes the electron (hole) lifetime, and
Dn(p) signifies the electron (hole) diffusion
coefficient.

From the obtained graph shown in Fig. 2. it is
observed that when absorber layer thickness is less
(50 nm- 150 nm) lower value of Jsc is obtained. It has
been observed that Jsc increases with increase in
absorber layer thickness because it enhances the
light’s absorption, consequently leading to a rise in
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Fig. 2 — Variation of PCE of perovskite solar cell on the basis of
absorber layer thickness
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Jsc. However, when the absorber thickness is
increased from 250-350 nm, the effect on Jsc becomes
negligible. This is due to the absorber thickness
surpassing the space charge region and creating a
quasi-neutral zone where carrier recombination
probability escalates significantly. Consequently,
despite the increased light absorption from the thicker
absorber, Jsc remains stable due to the augmented
bulk recombination, which counteracts the surplus
carriers generated.

Moreover, as the absorber thickness exceeds
400 nm, Jgc starts to decrease. Jsc reached to its
maximum value 23.6 mA/cm” at 400 nm thickness of
absorber layer. After 400 nm thickness Jsc starts
decreasing. This decline occurs because bulk
recombination starts to dominate over the enhanced
carrier generation facilitated by the thicker absorber
FF is continuously decreasing with increase in
absorber layer thickness from 1.183 V to 1.174V. Voc
is gradually decreasing with increase in absorber layer
thickness due to increase in series resistance within
the solar cell. The open circuit voltage is influenced
by the diffusion length of charge carriers within the
material. If the absorber layer is too thick carriers may
not be able to reach the contacts before recombining,
resulting in a decrease in the open circuit voltage.

As the thickness of the perovskite solar cell
increases significantly, there's a noticeable decrease in
the open-circuit voltage (Voc). This decrease in Vo is
directly related to both the short-circuit current (Jsc)
and the reverse saturation current (Jo), as indicated in
Eq. 10. These parameters depend on the thickness of
the perovskite layer, where V, represents the thermal
voltage™.

Vo = Vin€ 4 1
Jo

So, we need to find an optimal thickness for the
absorber layer that balances light absorption, carrier
generation and collection efficiency. In this simulated
work the optimum thickness is achieved at 350 nm.

... (10)

3.2 The effect of varying ETL and HTL thickness

In this work thickness of ETL is varied from 10 nm
to 60 nm and thickness of HTL is varied from 100 to
400 nm using SCAPS-1D simulating tool. We are
using WO; as an ETL because it possesses good
electron mobility. Primary function of an ETL is to
block holes and transport electrons efficiently from
absorber layer to the cathode. While varying the
thickness of ETL and HTL the absorber layer
thickness is kept on its optimum value attained in the

previous section. Other parameters are taken from
Table 1 & 2.

Initially the thickness of WOs is varied by keeping
thickness of HTL and absorber layer constant. From
Fig. 3(a) we can infer the effect of ETL thickness on
the PCE of perovskite solar cell. If the thickness of
ETL is less than 15 nm the electrons may not be
effectively collected and transported leading to lower
Jsc. On the other hand an excessive thick ETL may
introduce resistance and hinder charge transport results
in lower PCE. It can be observed that there is only a
significant, slight variation observed in the Jsc, Voc,
and %FF values. Voc and Jsc is decreasing in range
(1.1806-1.1801 V) and (22.834-22.827 mA/cm®)
respectively. This is primarily due to the uniform
number of charge carriers produced in the lead-free
perovskite material, and the significant decrease in the
%PCE wvalues may be due to more charge
recombination at the ETL/Absorber interface. The
optimal thickness of ETL in this simulation is 40 nm.

Table 2 — Defect density parameters at interface of device®*>*.

Parameters ETL/FASnI; FASnl;/HTL
Type of defects density Neutral Neutral
Defect density N, (cm™) 1x 10" 1x 10"
Energy distribution Single Single

Reference energy (eV) 0.6 0.5

Level of energy Above the Above the
relative to Ev highest Ev highest Ev
Cross section area of 1x 10" 1x 10"
electron (cm?)
Cross section area 1x 10" 1x10"%
of hole (cm?)
23.465 T 23,40 [~ . : .
naust(@) *\* (o) KKK *
23.421 _*- PCE (%) \*\* 2310
23.408 \*\* 295 i %= PCE (%)
T i N : +
o ! s
87048 8.14 /‘
® 8541 o
86.986 P L
wou[ 0 o—o—? 8468 ‘\‘/ FF (%)
2ol O 291 *—0—0—0—0—¢
L N
2.8 ~e. 21
2N
28015 =- Jse (ImA/C’.” ) ) g mup 4 ) ) )
118064 l\. 123 l\.
118048 \._.\ 1216 —n—0
118032 L] 1197 \.
m=Voc (V) S ~a
118016 “Sp . LNy
10 20 30 40 50 60 70 100 200 300 400

ETL Thickness (nm) HTL Thickness (nm)

Fig. 3 — (a) Impact of ETL thickness on the performance of solar
cell (b) Impact of HTL thickness on the performance of solar cell
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Now thickness of Cu,0O is varied from 100 to 400
nm by keeping all the other parameters constant.
Fig. 3(b) Plots shows that when the thickness of the
HTL increases from 100-400 nm, Jsc increases from
20.61 mA/cm® to 22.83 mA/cm?, virtually reaching a
constant value. Increasing the thickness of the HTL
can lead to an increase in optical absorption within the
layer, resulting in a higher generation rate of electron-
hole pairs. This can lead to an increase in Jsc up to a
certain point. It was found that increasing thickness
also reduced the open circuit voltage (Voc) from 1.23
V to 1.17 V. Adjusting the HTL thickness can affect
the energy level alignment at the interfaces and the
charge transport properties within the device due to
energy level mismatches and charge carrier
recombination, Voc is falling.In this work the optimal
thickness of the HTL is 250 nm.

3.3 The effect of varying doping concentration and Interface
defect density

The potential oxidation of Sn*" to Sn*" leads to
heightened defect density within FASnl;. These
defects serve as recombination centers within the bulk
layer, adversely impacting key device performance
parameters such as open-circuit voltage and fill factor
(FF). In the absorber layer of PSCs, three types of
simultaneous recombination—radiative, Auger, and
Shockley-Read-Hall (SRH) is explained through

Eq. 11.
RBulk) = R(auger) + R(radiative) + Rsryy ~ --- (11)

In the given equation, Rgry denotes the rate of
Shockley-Read-Hall (SRH) recombination. For P-type
material standard SRH model is given by Eq. 12*'*%.

2
pn—n;

INDIAN J PURE APPL PHYS, VOL. 62, JULY 2024

The variables p and n denote the concentrations of
holes and electrons, respectively, while 1, and 1,
represent the lifetimes of these charge carriers.
Additionally, n; represents the intrinsic concentration
of charge carriers. Carrier concentration is denoted by
An.

ny = Nexp (212€) ... (13)
Py = Nyexp (2-r2) .. (14)

Ec and Ey represent the edges of the conduction
and valence bands respectively, while N¢ and Ny
denote the density of states in the conduction and
valence bands. Etrap stands for the energy level of
defects, and T represents the operating temperature.
Auger recombination is expressed in Eq. 15%.

R(Auger) = (Ann + Ap)(np - nlz) ce (15)

Auger recombination is calculated under the
assumption of charge carrier balance, where electron
density (n) equals hole density (p), with a coefficient
A, = A, = 93 x 107 cm%s [24]. Radiative
recombination is expressed through Eq. 16*.
R(Radiative) =B (np - nlz) ce (16)

Here, B represents the coefficient for radiative
recombination, equivalent to 2 x 107'° cm?/

In First part of this section numerical simulation
has been performed to demonstrate how interface
defect density affects PCE curves for both interface
layers (WOs/FASnl; and FASnl;/Cu,0O) of an
optimized FASnl; solar cell. From Fig. 4(a) it is
observed that voltage failure is observed when the
interface defect density surpasses 1.0 x 10" cm™ °.
Interface defect density can acts as a recombination

Rgry = ...(12)  centers leading to a reduction in Voc. Lower Voc
Tp (N1t An)+ T (Ng+P1+ AN) directly translates in lower power conversion
(a) 24—y T T T T T (b)25-‘3 ——T—
2k 24.5¢ 1
—_ "
_ 1 240 /./-
= — .
= 1 > -
= 12 25 /
- o
= 16k 4 O
2 “uu]— 23.0
i | FASNI,/Cu,0
—@— WO, /FASNI, 225}
12
20 ®
10

1(;11 1612 1613 1614 1(;15 1(;15
Interface defect density [cm?]

1(;13 1(;14 1(;15 1616 10.17 10.13 10.19 10.20
Donor Density of WO3 [1/ecm?]

Fig. 4 — (a) Impact of interfacial defects WO3/FASnl; and FASnl;/Cu,O on PCE of solar cell (b) Impact of donor density of WO; on the PCE
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efficiency. Higher interface defect density can
increase the resistance of charge carrier transport
leading to low Jsc. Interface defects can influence the
FF of solar cell by affecting both Jsc and Voc. Cell
performance is negatively impacted by larger
defect density of the two interfaces which also
bring additional trap and recombination centers.
Thus, the simulation findings show that the ideal
interface defect density for device simulation is 1 x
10" ecm™ °. It has been observed that WO3/FASnI3
heterointerface is showing a sudden decrement
in the efficiency after 1x10' /cm’but same
behavior is not observed in the interface defects
at the FASnI;/Cu,O heterointerface because the
ETL/perovskite interface serves as both a light-facing
interface and a radial interface, amplifying its effect
on performance compared to the HTL/perovskite
interface. Electrons typically have higher mobility in
organic materials compared to holes. This means that
defects in the ETL layer can more readily impede
electron transport, leading to a more significant
impact on device performance compared to defects in
the HTL layer. The energy level alignment at the
interfaces plays a crucial role in charge injection and
extraction. Defects in the ETL layer can disrupt this
alignment more significantly than in the HTL layer,
impacting charge carrier injection and device
performance.

In second partof this section we have analyzed the
effect of donor doping density (Np) of electron
transport layer on the performance of perovskite solar
cell. We have varied the doping density of WO; layer
from 1 x 10" to 1 x 10%° cm™ while other parameters
are kept unchanged. We can infer from Fig. 4(b) that
all the four parameters (Voc, Jsc, PCE, and FF)
increased with increasing donor density. Low doping
concentrations result in decreased conductivity and
increased charge carrier recombination, which lowers
Voc, Jsc, FF, and PCE. At a donor doping
concentration of 1 x 10*°cm™, the maximum values of
Voc, Jsc, FF, and PCE were obtained as 1.20 V,
22.832 mA/cm?, 88.56, and 24.30%, respectively. The
donor density of ETL influences the availability of
charge carriers for transport. Higher Np can lead to
better electron transport properties reducing the
likelihood of charge carriers being trapped or lost
within the ETL. This can contribute to improved
charge transport efficiency and results in higher
power conversion efficiency. Our simulation results
indicate that optimised doping concentration for ETL
and HTL is 1x10"° cm™

3.4 effect of back contact work function

In this section we have simulated and compared the
various metal back contacts that we employed in our
work. Metal contacts are crucial for improving PSC
efficiency. We compare them to see which one works
best with our FASnl; based perovskite solar cell. We
determine which metal contact has a high efficiency
and is suitable for use as a metal contact for the
design simulation cell. Here we used silver, platinum,
gold, nickel and copper as a back contact. We got
highest PCE of 23.48 %at the platinum design cell.
Lowest efficiency of 19.95 % is obtained by using
silver as a back metal contact. We have used Au as a
metal back contact in this simulation Fig. 5.

3.5 The effect of varying temperature

In this work, temperature of solar cell operation has
been successfully varied from 300K to 400K. The
observed result is shown in Fig. 6. We observed that

PCE (%
24 )

2334 2334 23.45 23.48

23 ]
22

21

20 19.95

19

1

Silver (4.7 eV) Copper (5.0eV)  Nickel (5.01 eV) Gold (5.10 eV) Platinum (5.65 eV)
Back metal work function

Power Conversion Efficiency (%)

Fig. 5 — Impact of work function of different metal back contact
on the PCE of perovskite solar cell
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Fig. 6 — Impact of temperature on the PCE of perovskite solar cell
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EQE (%)
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Fig. 7 — (a) final optimized J-V curve of perovskite solar cell (b) EQE plot as a function of wavelength for different thickness of

absorber layer

Table 3 — Comparison of present work with experimental and
theoretical literature.

Parameters Experimental Reported Presented
[18] Simulation [25] Work
Voc (V) 0.264 0.92 1.18
Jsc (mA/cm?) 15.85 22.65 22.83
FF (%) 42 67.74 86.95
PCE (%) 1.75 14.03 23.44

the efficiency of solar cell is gradually decreasing
with increasing the temperature. The performance of
perovskite solar cells is significantly influenced by
temperature. This is primarily due to increased charge
carrier recombination rates and reduced carrier
mobility. Perovskite solar cell exhibit peak efficiency
at low temperature, extreme temperature can
negatively affect their performance.

We achieve the highest Voc at 300 K and it further
declined with rise in temperature.Jsc is decreasing
gradually from 22.85 to 22.83 mA/cm’. Fill factor is
increasing gradually from 83 to 86.95 % with increase
in temperature.

3.6 Analysis of result

In the current work, we utilized Sn material for that
purpose because it has qualities that are similar to
those of Pb and is also environment friendly and non-
toxic in nature. The Table 3 is showing the
comparison among the parameters of the proposed
device  structure  with  previously  reported
experimental” and simulated paper'®. The optimized
results together indicate that optimizing the absorber's
thickness, the ETL and HTL's affinity, and both play a
critical role in improving the cell's performance.

In Fig. 7(a) we are showing the final optimized J-V
curve of our simulated structure of FASnl; based
perovskite solar cell. In Fig. 7(b). The external
quantum efficiency (EQE) of a solar cell is plotted

with respect to absorber thickness varied from 50 nm
to 450 nm. EQE is increasing initially and after a
certain point it is falling because a thicker absorber
layer generally allows for more absorption of photons,
increasing the likelihood of generating electron-hole
pairs and thus contributing to a higher EQE. When the
thickness is increased beyond 400 nm EQE starts
decreasing because if the absorber layer is too thick, it
may lead to increased carrier recombination before
carriers can be collected. Optimal absorber layer
thickness is 350 nm.

4 Conclusion

In the present work, we have inspected the planer n-i-
p structure of device model FTO/WOs/FASnl;y/
Cu,O/Au. Numerous studies are previously conducted
on non-toxic ecofriendly FASnl; absorber layer, they
demonstrated low power conversion efficiency. In this
study, FASnl; devices were simulated to explore the
impact of different device parameters like thickness,
temperature, back contact, concentration of doping and
interface defect density on their performance. The
simulation results indicate that the primary reason for the
inadequate performance of these devices is attributed to
the self-oxidation of positively charged tin ion. In this
work lead free formamidinium tin based perovskite solar
cell was optimized and examined in a systematic manner
to attain the highest PCE using SCAPS simulation. In
this work we utilized Cu,O as HTL and WO; as ETL.
The reported optimal thickness of the HTL, ETL, and
Absorber layers is 250 nm, 40 nm, and 350 nm
respectively. Electron affinity of ETL and HTL, Capture
cross section were also considered and optimized. After
using the same methodology to all of our work, we were
able to achieve PCE a 23.44 %, Jsc (22.83 mA/cmz), FF
(86.95 %), and Voc (1.8 V). It is concluded that
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parameters associated with the ETL and Hole Transport
Layer HTL play a crucial role in determining the overall
performance of device. Furthermore, our simulation
results indicate that optimised doping concentration for
ETL and HTL is 1x10" em™.

We have also analysed the effect of interface defect
density on the performance of solar cell. The analysis
revealed that interface defect density significantly
influences charge transport and recombination,
underscoring the importance of defect minimization for
enhancing device efficiency. The defect density must
below 1 x 10" cm? for good efficiency. It has been
found that ETL/Absorber interface defects have
significant impact on performance of solar cell as
compared to Absorber/HTL interface. Finally, the effect
of temperature on device performance was also observed
revealing the outcome that indicates PCE is temperature
sensitive. PCE is noticeable at lower temperature and
gradually deteriorates as the temperature rises, best
performance of the device is noticed at 300K. We also
analyzed the effect of different metal back contact and
concluded that platinum is giving the highest efficiency
as compare to other metals contact. Final obtained
results are also compared with the published work. The
reported efficiency is the highest efficiency of FASnl;
based solar cell using WO; as an ETL till date.
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