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Abstract: In this study the findings indicated that the performance of lead-free perovskite solar cells was less adversely
affected by elevated temperatures compared to lead-based solar cells, such as those utilizing lead perovskite
CH3NH;3PbBrs. Lead-free perovskite solar cells have recently attained efficiency of around 18.23 percent. The conventional
configuration of a perovskite-based planar heterogeneous solar cell comprises an electrode, a hole transport material
(HTM), a perovskite absorber, an electron transport material (ETM), and a front electrode. This research presents ETM
(ZnO) combined with perovskite Cs2AgBio.7sSbo2s and Spiro-OMeTAD as the hole transport material (HTM) in an
inorganic perovskite solar cell, achieving a high efficiency of 18.23% using SCAPS modeling. We investigate the impact

of Cs2AgBio.75Sbo.2s layer thickness, varying from 0.1pm to 1pum, with optimal results seen at 0.1pm.

Keywords: Perovskites, simulation SCAPS, optimization efficiency, Solar Cells, temperature.

1 Introduction

The rising global energy demand, high costs, and harmful
environmental effects from massive fossil fuel emissions
provide substantial obstacles to the development of energy
supply via traditional power generation. Solar cells and
photovoltaic systems are proposed as solutions to
renewable energy sources to mitigate these challenges.
These devices convert sunlight into electrical energy,
functioning as a sustainable and eco-friendly energy
source. They are considered extremely promising and
appropriate energy sources. Silicon-based photovoltaic
devices dominate the solar cell market due to their
availability, durability, and high power conversion
efficiency (PCE) [1]-[10].

Nonetheless, the fabrication of an advanced silicone-based
active layer entails substantial costs owing to the
requirement  for  exceptionally  high  processing
temperatures above 1400 °C, hence limiting its
widespread commercialization. In recent years, hybrid
organic-inorganic perovskite materials with the ABX3
structure, where A and B are monovalent and divalent
metal cations, respectively, and X represents any halide,
have been utilized by scientists in solar cell applications
[10]-[14].

In 2016, a power conversion efficiency (PCE) of 21% was
attained after seven years of development, in contrast to
the initial 3.8% PCE reported in 2009, indicating a
promising new generation of perovskite-based solar cells
that are more cost-effective and simpler to produce than

earlier solar cell generations [15], [16].

Moreover, solar cells utilizing perovskite materials
derived from organic compounds and inorganic
semiconductors exhibit straightforward chemical synthesis
methods that facilitate precise adjustments of their optical
and electronic characteristics [17]-[23].

The operational lifespan of organic perovskite compounds
is constrained by heat instability caused by structural
disintegration stemming from the volatile characteristics
of the organic component, resulting in suboptimal
performance of the photoelectric device. All inorganic
perovskites have arisen as a potential method to enhance
the thermal stability of photoelectric devices by
substituting the organic cation at site A with an inorganic
cation (Cs+). The totally inorganic perovskite-based
photovoltaic device exhibits remarkable stability (90-
95%) under ambient conditions at 25 °C, elevated
temperatures (100 °C), and in the absence of
encapsulation. Achieving high-performance perovskite
solar cells is unnecessary. Among the several categories
of inorganic  perovskites, a-CsPbI3 has been
predominantly investigated for photovoltaic applications
owing to its optimal bandgap of 1.73 eV, which aligns
effectively with the solar spectrum. Reviews emphasize
the recent progress in perovskite solar cells employing
CsPbI3 or CsSnl3 as the active material and Spiro-
OMeTAD or PTA as the HTL for the cells' HTM.
Although solar cells utilizing perovskite materials have
attained power conversion efficiencies (PCE) exceeding
16%, the implementation of low-temperature processing
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remains economically unfeasible, primarily due to the
high costs associated with polymeric materials like Spiro-
OMeTAD or PTAA employed in the fabrication of hole
transport materials (HTM).

Recent research has focused on perovskite solar cells
(PSCs), particularly examining Spiro-OMeTAD as a P-
type material, primarily as a hole transport material
(HTM). This decision has diminished energy loss by
decreasing interface recombination loss of electron-
exciton couples in the Spiro-OMeTAD/perovskite cross-
section. Moreover, Spiro-OMeTAD has enhanced
mobility and facilitated superior perovskite crystallization
on the HTL film. Perovskite solar cells employing Spiro-
OMeTAD have exhibited advantageous performance
regarding open-circuit voltage and elevated short-circuit
current, resulting in improved energy conversion
efficiency. This research examines the efficacy of
inorganic perovskite materials, both lead-based and lead-
free alternatives, as highly efficient light-absorbing sensor
layers in solar cell applications.

We investigate the utilization of metal oxides, such as
ZnO, as the ETL and Spiro-OMeTAD as the HTL.
Additionally, we  utilized lead-free  perovskite
Cs2AgBi0.75Sb0.25 as a layer for light absorption or
photon harvesting. This study assessed the efficacy of
solar cells constructed with lead compared to those
fabricated without lead. The following sections examine
and evaluate the results of photovoltaic devices.

2 Structure and working of perovskites

In the perovskite structures, which are typically written as
ABX3, which X can be include nitrogen, carbon, oxygen,
or a halogen, the A cation is located on octahedral place,
and the B is cation placed on a cubooctahedral place (see
Fig.1). Typically, B and A are anion and -cation,
respectively, when combined with an anion from O2.
However, when halogen ions are present in the perovskite,
monovalent and divalent ions can take up sites A and B.

As evident in Fig 2b, the A-position positive charge of
cation in CH3NH3PbI3 is CH3NHs+, while the B-place
postion charge of Pb2+. The factor of geometric tolerance
() is considered using the formula t = (rA + rX) / [N2(rB
+ rX)] and is used to determine the perovskite's potential
for formation. Here, the radii of the A, B, and X ions are
represented by rA, rB, and rX, respectively. Forovskites
that contain cations that transition to metal and oxide, a t
value of 1 represents the ideal cubic formation of
perovskites, while a t value of less than 1 suggests that the
structure is octahedralized [15] .

(b)

Fig. 1: (a) ABXs perovskite configuration with large A
cations on BX6 octahedra and cuboctahedrons. (b) Cubic
perovskite unit cell CH3NH3PbI3. The inventive numbers
in-b-were copied [16].

The perovskite film first receives number of photon,
thereby producing exciton. Due to exciton energy
inequality inside perovskite material, the materials emit free
electrons or holes to create current [25-28]. Longer
propagation distance and carrier lifetime are the basis for
the higher performance of solar energy base perovskits
Tenth. Electron-hole pairs separate ZnO/perovskite,
ZnO/perovskite with the two heterojunction, injected
electrons into ZnO/perovskite, and then inject electrons into
ZnO during the injection process (process in Fig 3). (1)),
inject holes (ii). ) High temperature TM. ) realizes charge
transfer [29]. Additionally, various behaviors influence the
efficiency of the cell, such as the exciton extermination
procedure (iii), recombination and photoluminescence, and
turn around movement of holes and electrons (processes
(iv) and (v), for recombination and generation. may give.
ZnO/ETM interfacial process (vi). Figure 2 shows the
electron transfer in HTM/perovskite/ ZnO cell.

E/eN
<

Fig. 2: Diagram of energies of materials and processes
transport of electrons and holes in the structure[30].
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Burgelman led to development of SCAPSID software.
Simulation the electronics properties of device solar cell
with a diode by solve the fundamental mathematical
relation of solar cells in a consistent state [31]. In this
structure, it employed to investigate the actual device with
different materials properties in order to improve its
effectiveness. The program allows for the addition of extra
and interface that are non-reactive. Many of the loss of
recombination in the considered system are attributed to
radiation (e.g. recombination act directly from band to
band) and interface recombination. The flow diagram
beneath describes the steps involved in attempting to
simulate using SCAPS.

Launch SCAPS

V
Define problem

V
Specify the working conditions

V
Indicate actions to be measured

V
Run Simulation program

V
Display simulated plots

Fig. 3: simulation procedure

3 Numerical SCAPS Simulations

Simulation is essential to gaining sympathetic of physical
activities, potential success of projected physical
explanations, in addition to the consequences of physical
natural changes to solar cell act. Several models of
simulation are employed to simulate solar cells such as
AMPS, SCAP, etc. SCAPS is model program that has
seven different layers of semiconductor designed by a
group of researchers that specialize in solar cells at the
Department of Systems Electronics devices at the Ghent
University in Belgium [32]. Creating solar-powered cells
lacking associated projects is futile and time-consuming. It
analyses the properties of each layer and their purpose in
order to maximize the power conversion efficiency of the
solar cell. To emulate a PC, every necessary input
parameter must be accurately specified for it to purpose as a
computer. A legitimate complement. Perovskite solar cells
have a different devise than others like CIGS thin film, and
perovskites are composed of interesting shapes called

Vanier. As a result, SCAPS can be employed as a one-
dimensional model of perovskite-based solar cells [25].
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Fig. 4: Pane for layer properties of SCAPS.

Voltage @ and charge q are related to Poisson's equation:
Z () =) -~ p@) ~ N () + Ny () — P + el (1)

where the basic charge q, the permittivity &, the free
electron density n(x), the free hole density p(x), the ionized
donor-like injecting density N7 (x), ionized acceptor-like
injecting density N (x), the bound hole density pt(x), and
the confined electron density nt(x). the equations for the
continuation of electrons and holes:

an _ dJp

q5; =, ta6 —qR 2
d 9]

q5=—=L+qG—qR 3)
_ 9 4 ap. 2» 4

Jn = qnity -+ qDy —~ (4)
_ 99 op

Ip = aqppp -+ qDyp— ©)

[33,34].

4 SCAPS model of ZnO /Perovskite semi-
conductor / Spiro-OMeTAD

It's important to note that all of the parameters associated
with every layer in the device are derived from reported
data from experimental, these sources include [35]. Table 1
include the main parameters employed the simulations.

Table 1: substance parameter of ETM, HTM, and absorber

36-39].
Parameters Spiro-OMeTAD | Perovskite| ZnO
Band gap(ev) 2.9 1.8 3.3
Electron effinity (ev) 2.2 3.58 4.0
Dielectric permittivity | 3 6.5 9.0
CB effective density of| 2.50X10'® 2.2 x 10" |3.7x10"
states (1/cm?)
VB effective density of| 1.80X10" 1.8 x 10" | 1.8 x 10"
states (1/cm?)
Electron mobility| 2.00X107%4 2 100
(cm?*/v.s)
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Hole mobility (cm*/v.s) | 2.00X10~%* 2 25
electron thermal| 1.00x 107 1.00x107 | 1.00x10’
velocity (cm/s)

hole thermal velocity| 1.00x10’ 1.00x107 | 1.00x107
(cm/s)

5 Result and Discussion

5.1 Thickness of absorber layer

The layer of material that absorbs photons must possess an
ideal thickness to generate the maximum number of hole-
electron pairs by the absorption of the highest possible
quantity of photons. The thickness of the perovskite layer
has been altered from 0.1 pm to a final measurement of 1
pm. When the thickness of the perovskite layer increases,
the probability of charge carriers (electrons and holes)
recombining prior to reaching the charge extraction layers
also escalates. This is particularly crucial for thick layers,
as the carriers may not diffuse rapidly enough to reach the
electrodes prior to recombination, hence diminishing
efficiency.[40]. The peak efficiency is 17.75% at a
thickness of 0.1 um, which corresponds to the optimal light
absorption level.

Table 2: Variant of Thickness for Cg,AgBig;55bg 25B7
with solar cells parameters.

Thickness | Vo (V) | Jsc(mA | F.F | n(%)
(nm) [em?) | (%)
0.1 1.3683 | 25.773404 | 50.34 | 17.75
0.2 1.3523 | 17.066630 | 47.68 | 11.00
0.3 1.3491 | 14.546662 | 49.21 | 9.66
0.4 1.3485 | 14.091578 | 49.61 | 9.43
0.5 1.3485 | 14.016050 | 49.67 | 9.39
0.6 1.3484 | 14.007053 | 49.68 | 9.38
0.7 1.3484 | 14.009490 | 49.67 | 9.38
0.8 1.3484 | 14.013599 | 49.67 | 9.39
0.9 1.3484 | 14.017670 | 49.66 | 9.39
1 1.3484 | 14.021442 | 49.66 | 9.39
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Fig. 5: Variant of parameters of solar cells by changeable
the thickness of Cs, AgBig 755b 5.

5.2 Thickness of ZnO layer

An optimally configured ETL thickness guarantees
effective electron extraction and transport, minimizing
recombination losses. Insufficient ETL thickness may result
in inadequate covering of the perovskite layer, leading to

© 2025 NSP
Natural Sciences Publishing Cor.



Int. J. Thin. Fil. Sci. Tec. 14, No. 3, 195-204 (2025) / http://www.naturalspublishing.com/Journals.asp

£ .S 19

suboptimal  electron  collection and  heightened
recombination. The thickness of the ZnO layer has been
modified from 0.01 pm to 0.09 pm, whereas the open-
circuit voltage (Voc) exhibits a minimal drop contingent
upon the intensity of light incident on the solar cell. The
peak efficiency is 17.75% at an overall thickness of 0.09
pm.

Table 3: Variation of Thickness for ZnO (n) with device

parameters.
Thickness Vo (V) Jsc(mA F.F n (%)
(um) /cm?) (%)
0.01 1.3686_ | 25.005145 | 40.53 | 14.89
0.02 1.3685 | 25377266 | 41.85 | 15.11
0.03 1.3685 | 25537994 | 44.78 | 15.94
0.04 1.3684 | 25593650 | 47.58 | 16.76
0.05 13684 | 25745139 | 4939 | 17.30
0.06 1.3684 | 25.851457 | 50.32 | 17.58
0.07 13683 | 26.561703 | 50.62 | 17.70
0.08 1.3683 | 26.647319 | 50.57 | 17.75
0.09 1.3683 | 26.773404 | 50.34 | 17.75
3
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Fig. 6: Difference parameters of device by tunable the
thickness of ZnO.

5.3 Thickness of SpiroOMeTAD layer

Modifying the thickness of the hole transport layer (HTL)
in (PSCs) influences optical effects and light absorption.
Thinner HTL can influence light absorption in the
perovskite layer. Increased thickness of the HTL facilitates
enhanced light penetration to the perovskite absorber,
which may lead to improvements in Jsc and overall
efficiency. The thickness of the Spiro-OMeTAD layer has
been modified within the range of 0.01 um to 0.1 pum.
Increased film thickness results in significant electron-hole
production. Figure 7 illustrates. The open-circuit voltage
remains constant despite an increase in thickness. As the
short circuit current increases, the results indicate an ideal
efficiency of 17.34% at 0.1 pm.
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Table 4: Variation of Thickness for Spiro-OMeTAD with

device parameters.

Thickness | Vo, (V) | Jsc(mA | F.F | n(%)
(nm) Jem?) | (%)
0.01 1.3570 | 15.015618 | 54.04 | 11.01
0.02 1.3630 | 20.022632 | 51.84 | 14.15
0.03 1.3652 | 22.331892 | 51.15 | 15.60
0.04 1.3662 | 23.389359 | 50.88 | 16.26
0.05 1.3667 | 23.984214 | 50.74 | 16.63
0.06 1.3670 | 24.365699 | 50.65 | 16.87
0.07 1.3673 | 24.633186 | 50.59 | 17.04
0.08 1.3675 | 24.832961 | 50.54 | 17.16
0.09 1.3676 | 24.989194 | 50.51 | 17.26
0.1 1.3677 | 25.115681 | 50.48 | 17.34
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Fig. 7: Difference of solar cells measurement by changing
the thickness layer of Spiro-OMeTAD.

5.4 Effect of annealing Temperatures

The outcomes of the simulation involving I-V
characteristics, including FF, PCE, Jsc, and Voc of solar
cell devices at various environmental temperatures, are
presented in Table 2, where Jsc = 26.280830 mA/cm?, FF =
54.07, and the maximum efficiency is 18.23%. Optimal
efficiency occurs at a temperature of 355 K, coinciding
with the temperature at which the cell exhibits optimum
stability. As the temperature rises from 350 K to 500 K, the
formation of electron-hole pairs in the perovskite material
diminishes, resulting in a decrease in PCE, Voc, and Jsc, .
Figure 8 illustrates that the open circuit voltage diminishes
gradually as the temperature rises. The effectiveness of
solar cells can be modified by temperature through the
regulation of carrier generation, collection, and
recombination; thus, the best temperature for perovskite
solar devices utilizing ZnO in their photovoltaic solar cells
is 350 K.
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Table 5: The factors of the Spiro-OMeTAD
(P)/ Cs,AgBig 75Sbg 2B / ZnO(n) heterojunction solar
cells.

Temperature Vo (V) | Jsc F.F n (%)
(9] (mA/cm?) | (%)
100 1.1942 | 26.473759 57.50 | 18.18
150 1.1942 | 26.473759 57.50 | 18.18
200 1.1942 | 26.473759 57.50 | 18.18
250 1.1942 | 26.473759 57.50 | 18.18
300 1.3683 | 25.775154 50.35 | 17.76
350 1.2828 | 26.280830 54.07 | 18.23
400 1.1942 | 26.473759 57.50 | 18.18
450 1.1034 | 26.568508 60.85 | 17.84
500 1.0105 | 26.614826 63.53 | 17.09
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Fig. 8: The variation of solar cell parameters with the
temperature.

5.5 Effect of Different Back Contacts as electrodes

Solar cells with back contacts made of Cr, Si, Ag, Ta, and
Ni were simulated. As seen in Figure 9, varying degrees of
rear contact power have varied impacts. Voc, Jsc, and FF
volumes will rise in tandem with the expansion of the foil
matter business. This also improves the performance of
perovskite solar cells. It is energetically unfavorable to
travel towards the electrode because the electric field at the
HTM/back contact is negative [41]. According to the
simulation results, Ta has the ability to improve the
performance of PSCs.

Table 6: shows the effect of various metal back contact on
the parameters of solar cells.

Metals | Work Voe(V) | Jsc(mA/cm?)| F.F (%) | Efficiency
Function %

(ev)
Cr 4.5
Si 4.6
Ag 4.7
Ta 4.8
Zn 4.9

1.2103
1.2782
1.2826
1.2828
1.2828

25.797045
26.105157
26.262263
26.279995
26.280793

49.40
51.58
53.83
54.06
54.07

15.42
17.21
18.13
18.23
18.23

1.3
1.25 -

1.2 - *

1.15 -

. 1.1 -
> 1.05 -
1 .
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0.8 . . .
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Fig. 9: Work function values of metals versus Voc, Jsc, FF
and n%.

5 Conclusions

1. If thickness of Cs2AgBio.7sSbo2sBrs layer is increased,
the power conversion efficiency, Jsc ,Voc with F.F are
decreased, due to the low amount of radiation reaching
the active layer.

2. An ideal power conversion efficiency (PCE) of 18.23%
may be achieved by combining work function equal to
4.8 ev.

3. The recombination of the produced photo-electrons
and holes via the electrode can be prevented by the
SPIRO-OMeTAD layer which acts as a barrier
potential between the perovskite layer and the

electrode.
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