NeuroQuantology | December 2022 | Volume 20 | Issue 19 | Page 524-534 | doi: 10.48047/ng.2022.20.19.NQ99048
Srishti Shashi / Numerical Simulation of Lead-Free Bismuth-Based Perovskite Solar Cell with Addition of an Interface Layer between
Absorber Layer and Electron Transport Layer

¢ I

Numerical Simulation of Lead-Free Bismuth-Based Perovskite Solar
Cell with Addition of an Interface Layer between Absorber Layer and
Electron Transport Layer

Srishti Shashi and 2Dr. Rajnish Bhasker

Corresponding author: Srishti Shashi
Address: "Department of Electrical Engineering, Power System, Veer Bahadur Singh Purvanchal
University, Jaunpur, Uttar Pradesh, India; 2Department of Electrical Engineering, Veer Bahadur Singh
Purvanchal University, Jaunpur, Uttar Pradesh, India
E-mail: Y'srishtishashi8@gmail.com; ?raj _b33@rediffmail.com

Abstract

In terms of affordability and improved power conversion efficiency (PCE), lead-based Perovskite Solar Cells
have significantly outperformed silicon-based solar cells. Lead-based PSCs still have difficulties with regard to
commercialization due to lead toxicity and stability problems. Therefore, a lead-free bismuth-based perovskite
absorber layer was examined in this research effort using TiO; as electron transport layer (ETL) and Cu2O as hole
transport layer (HTL). Thus, the proposed device structure Au/Cu,O/CszBi2lo/TiO2/TCO is being numerically
investigated with SCAPS-1D software. Which shows 14.20% of PCE. For practical consideration, including
defects, the proposed structure is simulated. Moreover, to enhance the PCE of the proposed device structure, an
interface layer of n-3C-SiC was inserted between the absorber layer and ETL, giving 15.03% of power conversion
efficiency. This demonstrates an improvement in the PCE of the suggested device structure of 0.83%. The
investigation of each layer’s thickness and doping density is further optimized. The maximum PCE is up to
15.63% for modified structure in order to attain the greatest PCE of device structure showing. So, these results
will be helpful to a better understanding of the bismuth-based PSC with an interface layer.
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1 Introduction

The electricity demand has continuously increasing
day by day globally. To fulfill all those electricity
demands, reliable, affordable clean, and sustainable
energy sources are required. However, with the help
of coal, oils, and solid biomass fuel, more than 80% of
energy demand is fulfilled in India only. Thus,
demand for fossil fuels is still increasing continuously
in future. For that, fossil fuels are not enough alone.
That indicates, Meet such huge energy demand with
energy generation, renewable energy sources can be
the only replacements. Solar energy is playing a vital

role in the energy sector because of its high stability
and eco-friendly solution. But instead of that, existing
silicon-based solar cells are even costlier today. It
creates an interesting angle for the research scholars
toward the design analysis of cost-effective solar cells.
Recently, thin film solar technology has become
competitive because of its solution processability, low
cost and high efficiency. Perovskite has ABXj;
formula, where A is an organic or inorganic cation
such as Methylammonium (MA), Ethylammonium
(EA), or Formamidinium (FA). B is a divalent metal
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ion such as Lead (Pb), Tin (Sn), Germanium (Ge) and
X3 is a halide anion such as Br, ClI-, or I' [1]. As of
2022, Lead-based perovskite solar cells have attained
more than 25% of PCE [2]. However, because to the
hazardous ingredient lead (Pb) and stability problems,
lead-based PSCs are still a long way from being
commercially viable. The toxicity of lead can be
overcome by applying any of the strategies. The first
one is to replace Lead (Pb) by its substitutes available
in the periodic table having similar properties. And
next, the second one is by making the perovskite
absorber layer free from lead material [3]. So,
analysis and development of Lead-free perovskite
absorbing layers could be the best alternatives for it
[4], [5].

The structural formula for Bi-based halide perovskite
is AsBi>Xo, where A denotes monovalent cation (Na*,
K*, Rb*, Cs* or CH3NH3") and X denotes halogen
atom (F, Cl, Br, or I) [6]. Bismuth-based PSC
structure, AZO/c-TiO,/Cs3Bi lo/ CUSCN/graphite
solar cell shows a very low PCE of 0.17%. Due to the
poor thin film morphology of the Bi-based perovskite
solar cell fabricated through the conventional spin
coating method, a 1.64% PCE was reported, but in the
recent paper, it achieved up to the highest PCE of
3.20% [7], [8] and [9]. Performance parameters of the
PSC do not depend only on the variation of thickness,
temperature, doping concentration, and band gap, But
it depends on the defect density of states (DOS) in cell
structure. Due to defects, the DOS performance of the
solar cell degrades. Thus, more study should be done
regarding defect tolerance in the cell structure. By
changing the defect density of states, characteristic
decay energy, and capture cross-section area of trap, it
was theoretically possible to examine the structure
ITO/PEDOT:  PSS/MAGels/PCBM/Au,  which
demonstrates a decline in the cell performances [10].
Perovskite devices can utilize different types of
electron transport materials (ETMs) and hole transport
materials (HTMs) for lead-based and lead-free
perovskite solar cell were studied by many researchers
earlier. TiO, and Spiro-OME-TAD are most famous
electron transport material and hole transport material
respectively. Spiro-OME-TAD, PEDOT: PSS, P3HT,
Cuz0, Cul, PTAA, CuSCN, CuO, and NiO can be
used as different HTMs. Other materials like ZnO,
PCBM, IGZO, TiO,, ZnSe, SnO,, CdS, and ZnOS can
be used as different ETMs [11], [12] and [13].

In this study, the proposed cell structure’s
performance metrics were first compared with and
without defects. In order to improve the PCE of the
proposed device structure, an interface layer was also

placed between the absorber layer and the electron
transport layer. Then this modified device structure
will be simulated further, with and without defects.
Moreover, a detailed and more practical simulation
analysis of the modified device structure having
defects will investigate. In the improved device
structure, which was simulated using the SCAPS
simulator, efficiency was optimized for the variation
in each layer’s thickness and doping density.

2 Device Structure and Methodology

In  this work, the proposed  structure
AU/Cu,0/Cs3Bi2lo/TiOx/TCO is shown in Figure 1(a),
where a bismuth-based lead-free perovskite absorber
layer is sandwiched between Cu,O as HTL and TiO;
as ETL. Gold (Au) and transparent thin conductive
oxide (TCO) are the back and front metal contacts,
respectively. An interfacial layer n-3C-SiC was
inserted between the absorber and ETL layer to
enhance the PCE of the proposed cell. Hence, the
modified structure Au/Cu,0/Cs;3Bizle/n-3C-
SIC/TiO,/TCO is depicted in Figure 1(b) along with
its energy band diagram is in Figure 1(c). for
numerical simulation analysis of PSCs by using
SCAPS-1D, all required electrical and optical
parameters of the materials taken from the previous
papers, which listed in Table 2 [14], [15] and [11].
The simulation analysis of the proposed structure will
be divided into three parts. First, the proposed
structure  Au/Cu,O/CszBizlo/TiO/TCO  will  be
investigated without and with defect having the value
Nt = 0/cm?® and 1x10%/cm? respectively. Second, To
enhance the PCE of the proposed structure, An
interface layer will be introduced between the
absorber layer and ETL. The newly modified structure
will be analyzed, further without and with defects
having N; = 0/cm® and 1x10%/cm?®, respectively.
Third, for more detailed and practical simulation
results, the newly modified structure having defects
are investigated with respect to the thickness variation
and doping concentration variation on each layer, To
calculate the electrical performance parameters of the
cell structure, like open circuit voltage (Vo), short
circuit current density (Jsc) Fill-factor (FF) and PCE
(eta). The optimized thickness and doping density of
each layer will be placed in the redesigned cell
structure, and then the optimized performance
characteristics of the modified structure will be
determined.

elSSN 1303-5150

&

www.neuroquantology.com

525



NeuroQuantology | December 2022 | Volume 20 | Issue 19 | Page 524-534 | doi: 10.48047/ng.2022.20.19.NQ99048
Srishti Shashi / Numerical Simulation of Lead-Free Bismuth-Based Perovskite Solar Cell with Addition of an Interface Layer between

Absorber Layer and Electron Transport Layer

} Back metal contact

| cu0
Pcrovskite Absorber Layer } Coabisly
} Tio,
l TCO } Front metal contact

‘ Glass substrate

TNIPT

Light
(a)

| Cs;Bi, |, } Perovskite Absorber layer

n-3C-SiC } Interfacial Layer

} Electron Transport Layer

TCO 4
Glass Substrate J
1 I S S S

Light

(b)

Cs;Bi,l,

n-3C-SiC

&
0
u-

=72

(¢)

Figure 1: (a) Device structure of proposed PSC

(b) Modified schematic diagram and (c) Energy

band diagram of lead-free bismuth-based PSC
(AU/CUzo/CS?,Biz|9/n-3C-SiC/Ti07_)

3 Simulation, Modelling and Design Parameters

For the numerical simulation study of the solar cell,
SCAPS-1D (Solar Cell Capacitance Simulator-One
Dimensional) software version 3.3.10 is used in this
study, Which was developed by Electronics and
Information System (ELIS), University of Gent,
Belgium [16]. It utilizes four different sets of Photo
Voltaic (PV) equations, one for each carrier density
for electrons and holes [17]. Which are:
1) Poisson equation:

d%e(x)
dq;zx = i(p(x) —n(x)+ Np + N, +
Pp — pn) (1)

2) Continuity equation:

djn

E = Gr — Rr (2)
djp _ _

— = Gr — Rr 3

3) Charge transport equation:

d d
In = Dnd_z + Mnnd_:i (4) 526
_ dp [¢10)]
]p _Dpa+HPpE (5)

4) Absorption coefficient equation:

a(d) = (A + %) JIV—E, (6)

The symbols, which have used in the above equations,
along with their definitions, and units listed below in
Table 1.

Table 1
Definition and unit of used symbols in SCAPS-1D
simulator
Symbol Definition Units
0] Electrostatic \%
potential
e Electron charge C
€0 Permittivity of F/cm
vacuum
€ Relative
permittivity
p(x) Hole density as a cm3
function of x
n(x) Electron density as cm?®
a function of x
Np Shallow donor cm3
impurity density
Na Shallow acceptor cm?®
impurity density
Do Hole density cm?3
distribution
Pn Electron density cm?®
distribution
Jn Electron current Alcm?
density
Jo Hole current Alcm?
density
Gr Generation rate cm3s?
Rr Recombination cm3st
rate
Dn Diffusion cm?/s
coefficient of
electron
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Dp Diffusion cm?/s
coefficient of hole
Hn Mobility of cm?/Vs
electron
Up Mobility of hole cm?/Vs
a Coefficient of cm
absorption
A Wavelength pm
Plank constant Js
v Frequency of Hz
photons
Eq Band gap eV
A, B Constants

Moreover, SCAPS-1D software can design and
simulate solar cells structure up to seven layers with
their front and back metal contacts, and an interface
study between any two layers can investigate.
Illumination spectrum air mass AM1.5 (1000w/m2)
and 300K working temperature are used for the
presented numerical simulation study. Material
parameters of the cell structure required by SCAPS-
1D, are taken from previous literature as listed and
cited in Table 2.

Table 2

Materials parameters of the lead-free PSCs
PARAMET | Cu;O | CssBi» | n-3C- | TiO;

ERS lo SiC
Thickness,d | 150 500 30 100

(nm)
Band gap, Eg | 2.17 2.03 242 3.2

(eV)

Electron 3.2 3.4 3.83 4.0
affinity, y

(eV)

Dielectric 7.1 9.68 9.72 9.0
permittivity,

Thermal 1x107 | 1x107 1x107

velocity of
hole (cm/s)

1x10
7

Mobility of 200 4.3 650 0.2
electron, e
(cm?/Vs)

Mobility of 80 1.7 40 0.1
hole, pn
(cm?/Vs)

Shallow 0 1x10° | 1x10%® | 1x10
uniform 19
donor
density, Np
(lcmd)

Shallow 1x10° 0 0
uniform
acceptor
density, Na
(/lcm®)
Radiative 2.3x1 | 2.3x10 - 2.3%

recombinatio | 0° 9 10°

n coefficient
(cmd/s)
Defect
density, Nq
(/lcm®)

1x10%
8

1x10%® - 1x10

15

1x10!
5

Reference [15] [15] [14] [14]

4 Results And Discussion

Simulation analysis of the proposed structure
Au/Cu,0/Cs3Bizlg/ TIO/TCO can be divided into
three parts discussed below. First, the proposed
structure is investigated, without and with defects
having N; = 0 /cm® and 1x10% /cm?3, respectively.
Thus, by considering these input parameters one by
one, Their simulated performance parameters are
listed in Table 3.

&r Table 3
Effective | 2.5x1 | 4.98x1 | 1.553x1 | 2x10 Effect of total defect density in each layer on the
density 0 0 0¥ . performance parameters of the proposed structure
states at CB, AU/CU,0/Cs3Bizlo/ TiOA/ TCO
N (/cm?3)
Effective 1.8x1 | 2.11x1 | 1.163x1 | 2x10 Without total defect With total defect
density 0'° 0'° (0 19 density density
states at VB, (Nt =0 /cm?®) (N = 1x10%/cm?®)
N, (/cm?) Eta (%) 14.20 Eta (%) 13.39
Thermal 1x107 | 1x107 | 1x107 | 1x10 Ve (V) 1.48 Vo (V) 1.46
velocity of ! Jse 11.57 Jse 11.56
electron (mA/cm?) (mA/cm?)
(cm/s) FF (%) 82.86 FF (%) 78.57
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Second, to enhance the power conversion efficiency
of the proposed cell structure, an interface layer n-3C-
SiC is inserted between the bismuth-based perovskite
absorber layer and electron transport layer, which
forms a modified structure like Au/Cu,0O/Cs3Bizle/n-
3C-SiC/TiO./TCO. For analysis of this structure, first,
each layer is defect-free, e.g., N: = 0/cm?, and second,
Each layer has some value of defect densities, e.g., Nt
= 1x10%/cm?. Thus, by considering these two values
one by one, their simulated performance parameters
are listed in Table 4.

Table 4
Effect of total defect density in each layer on the
performance parameters of the modified structure
Au/Cu,0/Cs3Bi2le/n-3C-SiC/TiO/TCO

Without total defect With total defect
density density
(Ne=0/cmd) (Nt = 1x10%/cm?)
Eta (%) 15.03 Eta (%) 14.22
Vo (V) 1.48 Vo (V) 1.45
Jsc 11.64 Jsc 11.63
(mA/cm?) (mA/cm?)
FF (%) 87.06 FF (%) 83.82

Third, for more detailed and practical simulation
results, the modified structure defect density (N; =
1x10%%/cm?) on each layer is optimized. by changing
each layer’s thickness and doping density to attain
maximum PCE of the lead-free perovskite cell
structure.

4.1 Thickness Optimization of The Modified
Model

4.1.1 Effect of Thickness variation on Absorber
Layer (Cs3Bizlo)

To optimize the effect of thickness variation on the
absorber layer, within the range of 200nm to 1000nm,
the thickness of HTL, interface layer, and ETL is fixed
at 150nm, 100nm, and 100nm respectively. Then
changes in solar cell’s electrical properties like open-
circuit voltage, short-circuit current density, Fill-
Factor, and power conversion efficiency were
observed. Figure 2 makes it clear that PCE (%) and Jsc
(mAJ/cm?) quickly rises with increasing absorber layer
thickness. Wide thickness promotes higher production
of electron and hole pairs because it permits
significant optical absorption [18]. On the other hand,
as the absorber layer’s thickness rises, Vo (V) and FF
(%) fall. Vo decreases from 1.51V to 1.43V as

thickness increases. Jsc increases from 7.02mA/cm2
to 12.95mA/cm?. FF decreases from 88.68% to
79.16%. Accumulation of charge carriers, carrier
recombination increases, Hence, V. gets decreases. It
also affects the FF and PCE reported by many studies
[19], [20] and [21].

Thus, best performance of cell efficiency occurs at
800nm with maximum PCE of 14.69%, V.. = 1.44V,
Jse = 12.62mA/cm? and FF = 80.80%.
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Figure 2: Effect of thickness variation on different
electrical parameters of absorber layer

4.1.2 Effect of Thickness variation on Transport
layers

To optimize the effect of thickness variation, within
the range of 100nm to 1000nm on HTL. first, the
thickness of ETL, the absorber layer, and interface
layer fix at 100nm, 500nm, and 100nm, respectively.
And after this, the performance of cell electrical
parameters is observed. From Figure 3(a), the PCE
and Jsc increase gradually as the thickness of HTL
increases. FF of HTL decreases slowly from 83.84%
to 83.66% as the thickness of HTL increases. Vo is
unaffected within the increasing range of thickness
variation. Jsc increases from 11.58mA/cm? to
11.97mA/cm? and PCE increases from 14.16% to
14.51% as the thickness of HTL increases. Thus, the
highest PCE of 14.61% for HTL occurs at 1000nm
with Vo = 1.46, Jsc = 11.97mA/cm? and FF = 83.66%.
Moreover, to optimize the effect of thickness variation
on ETL within the range of 100nm to 1000nm, first,
the thickness of HTL, Absorber layer and an interface
layer is fixed at 150nm, 500nm and 100nm,
respectively. And then performance parameter of the
cell is observed. Figure 3(b), shows that PCE
decreases continuously from 14.22% to 13.41%. Js
decreases gradually from 11.63mA/cm? to
10.98mA/cm? as thickness increases causing a high
series resistance and absorber losses [22]. FF and Voc
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are almost unaffected by the increasing thickness of
the ETL. Thus, the highest PCE of 14.22% at 100nm
thickness with Vo = 1.46V, Jsc = 21.63mA/cm? and FF
= 83.82%.

Finally, by observing the impact of thickness variation
on both the transport layers and the absorber layer, it
can determine that the cell performance parameters for
the impact of thickness variation on the absorber layer
are more prominent than the impact of thickness
variation on the absorber layer.
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Figure 3: (a) Effect of Thickness variation on
different electrical parameters of HTL and (b)
Thickness variation on different electrical
parameters of ETL

4.1.3 Effect of Thickness variation on Interface layer
(n-3C-SiC)

To optimize the effect of thickness variation on the
interface layer. Within the range of 200nm to 1000nm.
The first thickness of HTL, Absorber layer, and ETL
was fixed at 150nm, 500nm, and 100nm, respectively.
Then the thickness variation effect can be
investigated. Figure 4 shows that both Jsc and PCE
increases continuously as the thickness of the interface
layer increases from 100nm to 600nm. Beyond
600nm, both the electrical parameters start decaying.
Ve slightly increases only from 400nm to 600nm.

Besides this thickness range V. is unaffected by
thickness variation. FF starts increasing continuously
as thickness increases. Thus, optimized -electrical
parameters with the highest PCE of 14.57% at 600nm
with Voo = 1.47V, J = 11.70mA/cm? and FF =
84.94%.
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s00 1000 00200 400 600 00 1000

1155 N
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Figure 4: Effect of thickness variation on different
parameters of interface layer

4.2 Doping Density Optimization of The Modified
Model

4.2.1 Effect of Acceptor Doping concentration
variation on Absorber layer (CssBizlo)
To optimize the effect of acceptor doping

concentration (Na) on the absorber layer within the
range of 1x10%/cm?® to 1x10%%/cm?, the first doping
concentration of HTL, interface layer, and ETL fixed
at Na = 1x10%/cm®, Np = 1x10%/cm® and Np =
1x10%cm®  respectively. Then all electrical
parameters are calculated.

From Figure 5(a), an adverse sharp decrement in PCE
and Jsc is observed as the absorber layer’s Na increases
initially, from 1x10%/cm3 to 1x10%/cm?, a very slow
decrement is seen in PCE and Js almost unaffected
within this point of value. PCE decreases from
14.26% to 3.11% and Jsc decreases from 11.63mA/cm?
to 2.10mA/cm? as Na doping concentration increases.
The reason behind decay is a reduction in the
depletion width of the absorber layer as Na rises,
which enhances the recombination process [23]. On
the other hand, from Figure 5(b), Both FF and V. rise
continuously as doping concentration increases. Voc
increases from 1.46V to 1.62V and FF from 83.79%
t0 91.81%.

Thus, optimized electrical parameter with the highest
PCE of 14.26% at Na = 1x10%/cm?® with Vo= 1.46V,
Jse = 11.63mA/cm? and FF = 83.79%.
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Figure 5: Effect of acceptor doping concentration
on different electrical parameters of absorber
layer

4.2.2 Effect of Doping concentration variation on

Transport layers

To optimize the effect of Acceptor doping density
(Na) of HTL within the range of 1x10%° to 1x10%/cm?,
the first doping concentration of absorber layer,
interface layer, and ETL fixed at 1x10%cm3,
1x10%/cm® and 1x10'/cm® then all electrical
parameters will be calculated. Due to the rise in Na,
Jsc and FF increases because of the resistance of HTL
decay, by rising in hole mobility as Na rises [24], [25].
To increases the potential used to separate the excitons
and reduces the recombination rate, it becomes
necessary to enhance the electric field between HTL
and ETL as Na increases [26]. From Figure 6(a), the
Jsc of HTL decreases gradually from 11.79mA/cm? to
11.48mA/cm? as Na increases. Initially, PCE of HTL
increases sharply after the value of Na = 1x10%%/cm3,
PCE decreases slowly. From Figure 6(b), Voc shows
slight increment till Na = 1x10%/cm?3, After this value,
Voc becomes unaffected as Na increases. However, Na
increases from 79.77mA/cm? to 84.04mA/cm?, a
sharp increment noticed in the FF of HTL.

Thus, optimized electrical parameter for HTL, highest
PCE of 14.24% at Na = 1x10%%/cm?® with V. = 1.46V,
Jsc = 11.62mA/cm? and FF = 83.93%.

To optimize the Donor doping density (Np) of ETL
within the range of 1x10% to 1x10%/cm?®. The first
doping concentration of HTL, the absorber layer, an
interface layer fixed at Na = 1x10%/cm?3, 1x10%cm3,
and 1x10%/cm3. Then, all electrical parameters will be
analyzed. From Figure 7(a), Jsc and PCE decay slowly
as Np of ETL increases. Js. decreases from
11.65mA/cm? to 11.63mA/cm? and PCE decreases
14.24% to 14.21%. from Figure 7(b), it can figure out
that Voc and FF almost unaffected by increasing Np of
ETL.

Thus, optimized electrical parameter having highest
PCE of 14.24% at Np = 1x10%/cm? with V. = 1.46V,
Jsc = 11.65mA/cm? and FF = 83.81%.

Finally, it can be said that the influence of changing
the doping concentration in transport layers (HTL and
ETL) is less significant than the impact of changing
the doping concentration in the absorber layer on the
performance parameters of the cell.
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Figure 6: Effect of acceptor doping concentration
variation on different electrical parameters of
HTL
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4.2.3 Effect of Donor Doping concentration

variation on interface layer (n-3C-SiC)

To optimize the impact of donor doping concentration
(Np) variation on interface layer, Within the range of
1x10%° to 1x10%%/cm3. The first doping concentration
of HTL, absorber layer and ETL is fixed at
1x10%8/cm?, 1x10%cm?® and 1x10'%/cm? respectively.
Then all electrical parameters are calculated.

From Figure 8(a), Jsc is unaffected as Np of interface
layer increases. PCE rises continuously from 12.96%
to 14.66% till the value of Np reaches to 1x10%cm?3
and beyond this value PCE starts decaying.
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From Figure 8(b), it can be noticed that from Np =
1x10% to 1x10'8/cm3, V.. does not affect by doping
variation, but beyond this value, Vo starts decaying.
FF increases continuously from 76.29% to 86.67% as
the Np reaches 1x10%° to 1x10%°/cm?, beyond this
concentration FF decays.

Thus, optimized electrical parameters having highest
PCE of 14.66% at Np = 1x10'%/cm? with V. = 1.45V,
Jsc = 11.63mA/cm? and FF = 86.67%.
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Figure 8: Effect of donor doping concentration on
different electrical parameters of interface layer

5 Optimized Performance Parameters of

Modified Device Structure

Finally, optimized electrical performance parameters
for their optimized cell input parameter for modified
structure  Au/Cs3Bizle/n-3C-SiC/TiO2/TCO, having
most optimum value of thickness and doping
concentration of each layer listed in Table 5. Further,
by considering all these values, the modified structure
is simulated to figure out the highest PCE. J-V
characteristics of modified structure can be analyzed
in Figure 9, Which clearly shows an improvement in
the short-circuit current density of the initial and
optimized cell structure. In Table 6, optimized
electrical performance parameters of the modified
structure show an improvement in Js, FF, PCE and
unaffected Vo value. Hence, highest PCE of 15.63%
with Vo = 1.45V, Ji = 12.60mA/cm? and FF =
85.52%.

Table 5
optimized photovoltaic input parameters of each
layer of modified structure Au/Cu,O/Cs3Bizls/n-3C-
SiC/TiO./TCO observed from series of simulation

CssBizlg 800 1x10% 1x10°
n-3C-SiC 600 0 1x10%
TiO; 100 0 1x10%
15
7~
”E 10| |===initially
) =o=optimized
<
g |
H 5 L
i
0 \
0 0.5 1 1.4
Voltage (V)

Figure 9: J-V characteristics of modified structure

Table 6

Optimized performance parameters of modified
structure Au/Cu,0/Cs3Bi,lg/n-3C-SiC/TiO,/TCO
observed from series of simulation

Modiied | Thickness | Acceptor Donor
Solar (nm) Doping Doping
Cell Density Density
layers Na (cm®) | Np (cm™®)
Cu0 1000 1x10%° 0

Electrical Modified cell structure
performance Initially Optimized
parameter
Voc (V) 1.45 1.45
Jsc (mA/cm?) 11.63 12.60
FF (%) 83.82 85.52
Eta (%) 14.22 15.63
6 Conclusion
In this study, First, a lead-free bismuth-based

perovskite solar cell is designed according to the
available literature information. Then a simulation
study is performed with this structure having defects,
which shows decay in the performance parameters of
the cell. Moreover, the suggested device structure,
which have defects, has an interface layer of n-3C-SiC
inserted between the absorber layer and electron
transport layer to increase the power conversion
efficiency. Which increases the PCE from 13.39% to
14.22 %. Further, to optimize the performance of the
cell parameter of this modified structure
Au/Cu,0/Cs;3Bi2le/n-3C-SiC/TiO,/TCO, variation of
thickness and doping concentration of each layer is
investigated. After the investigation, it is found that
the thickness and doping concentration variation
effect plays a crucial role in maximizing the cell
performance parameters. Last but not least, by
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simulating the modified structure again while
maintaining all these optimum values for the thickness
and doping concentration of each layer, the results
indicate Voc = 1.45V, Jsc =12.60mA/cm?, FF= 85.52%,
and highest PCE = 15.63%. Therefore, this study tells
that PCE can be enhanced by inserting an interface
layer and optimizing each layer’s thickness and
doping concentration. Finally, the presented study
sheds the light on the lead-free bismuth-based
perovskite solar cell with an interface layer between
the absorber layer and ETL. As a result, this research
will contribute to the understanding of the highly
efficient and stable lead-free bismuth-based
perovskite solar cell and pave the way for the
advancement of lead-free photovoltaic devices.
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