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ABSTRACT: -

In this study, Comparison of inverted structure of two doubly layered Perovskite Solar Cell is
investigated. The effect of width variation of different absorber layers with different parameters has
been investigated to obtain optimum solar cell parameters like FF, Voc, Isc and PCE. Comprehensive
simulation approach has been utilized using SCAPS-1D software. The major objective of present study
is to analyze different defect density and thickness value of perovskite absorption layer for achieving
the optimized parameter like PCE with the help of SCAPS-1D. The proposed device structure utilized
CuSCN as a hole transport layer (HTL) and TiO, as an electron transport layer (ETL), MA3Sb2lg and
Cs2AgBiBrs as perovskite absorption layer (PAL), Indium tin oxide (ITO) as top electrode and Au as
back contact. The simulation result shows that at the thickness of 200 nm of Cs,AgBiBrs and 100 nm
of MAGsSh:ls of defect density of 1 x 101* cm™3 of PAL, the optimized parameters obtained are PCE
27.87%, Voc 1.04 V, Jsc 23.48 mA/cm? and fill factor (FF) 80.37%. The optimization of thickness
of the double layered absorber materials in combination with reduced defect density provided a
superior power conversion efficiency (PCE), much greater than the earlier reported values when
MA3Shlg and Cs2AgBiBrs were taken individually as the absorber layers.

Abbreviation: ITO -
Indium Tin Oxide, PSC- Perovskite Solar Cell, ETL-Electron Transport Layer, PCE — Power
Conversion Efficiency, HTL-Hole Transport Layer, FF- Fill Factor

1. Introduction

PSC has emerged as a revolutionary and highly favorable technology in the field of photovoltaics.
These innovative solar cells are named after the mineral perovskite, which has a crystal structure that
inspired the design of the photovoltaic materials [1]. PSC offer a compelling alternative to traditional
silicon-based solar panels, thanks to their remarkable efficiency, cost-effectiveness, and versatility [2-
3]. These solar cells are a type of thin-film solar technology that has shown remarkable progress in a
relatively short period. PSC are typically composed of a perovskite-structured compound as the light-
absorbing layer. Perovskite solar cells' remarkable power conversion efficiency is one of their key
benefits. Since their introduction, researchers have achieved efficiencies comparable to traditional
silicon solar cells, with the potential for even higher performance [4-6]. This high efficiency is due to
their excellent light-absorbing properties and efficient charge carrier transport. Perovskite solar cells
offer the advantage of a relatively simple and low-cost fabrication process [7]. The materials used are
abundant and inexpensive, contributing to the potential for cost-effective large-scale production.
However, challenges related to stability and scalability still need to be addressed for commercial
viability. Despite their rapid progress, PSCs face challenges, particularly in terms of long-term
performance and stability [8-10]. Researchers are actively working to address issues related to material
degradation, sensitivity to moisture, and the development of more reliable encapsulation techniques.
Cs2AgBiBrs is a specific type of perovskite material. It is a double perovskite compound consisting of
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bromine (Br), bismuth (Bi), silver (Ag) and cesium (Cs) elements. Cs,AgBiBrs exhibits some
intriguing characteristics that make it a subject of research. Cs,AgBiBre perovskite has a direct
bandgap, which is highly desirable for solar cell applications [11-14]. Cs2AgBiBr6 exhibits favorable
optical properties for solar absorption. Its bandgap can be tuned to absorb sunlight effectively, allowing
for efficient conversion of solar energy into electricity. The electronic structure of Cs2AgBiBr6 allows
for efficient charge carrier transport, which is important for attaining high power conversion efficiency
in solar cells [15]. This means that it efficiently absorbs and converts a broad range of sunlight into
electricity. Its bandgap can be tuned, making it adaptable for various solar spectrum conditions.
MA3Sb2lg is a perovskite material compound consists of metal (M), antimony (Sb), and iodine (I)
elements, where M typically represents a combination of cesium (Cs) and methylammonium
(CH3NH3 or MA). The inclusion of antimony (Sb) in the perovskite structure may contribute to
specific electronic and optical properties [16-17]. Methylammonium cations are commonly used in
PCSs due to their ability to form stable perovskite structures. MA3Sh2lg exhibits relatively good
stability against moisture and oxygen compared to some other perovskite materials. Like many
perovskite materials, MAsShzlo allows for the adjustment of its bandgap, which can be tuned to
optimize solar absorption and enhance the overall performance of the solar cell [18]. This enhanced
stability is a sought-after trait in the development of durable and long-lasting solar cells.

The present study objective is to evaluate the effect of factors namely width and defect density of
perovskite absorption layer on the performance of n-i-p structure of PSC ITO/TiO,/MA3sShzlg
/Cs2AgBiBrg/CuSCN/Au, and p-i-n structure of PSC ITO/CuSCN/MA3Shzlg/Cs2AgBiBrs/TiO, /Au
is investigated and simulated using SCAPS-1D software. Standard deep energy defect level of 0.6 eV
is considered for the current study. We have utilized TiO, as ETL due of its stability and suitable band
alignment. Double layered perovskite is considered as absorber layers. As HTL, CuSCN is used by
facilitating the movement of positively charged "holes™ created in the perovskite layers during the
absorption of light. It helps in preventing the recombination of charge carriers and ensures efficient
collection of holes for electrical current. [31]. For the suggested PSC structure, basic characteristics
such as Vgc,Jsc, PCE and FF were examined. The device modelling and illustration of result of
different parameter requires software simulation and numerical modelling. The Solar Cell Capacitance
Simulator (SCAPS) application used for this purpose.

This paper contains four sections. In Section 1 introduction of PSC devices and the materials taken for
the proposed device are discussed in detail. In the section 2 proposed device structure and it’s inverted
structure is introduced, its schematic diagram, energy band diagram and the carrier transport
mechanism inside device has been explained. In the section 3, various result of solar cell parameter
that obtained by varying defect densities, width of MAsSh.ly and Cs,AgBiBrs, Defect energy levels
and Interface defect densities has been discussed. Optimum result of PCE obtained on a specific design
parameter has been discussed and its comparison with previous works has been done. In the section 4,
Conclusions have been provided and future works recommended for further enhancement of PCE and
other solar cell parameter.

2. Proposed device architecture

An organic-inorganic PSC having a configuration ITO/TiO,/MA3sShzls /Cs2AgBiBrg/CuSCN /Au.
The Proposed PSC device is shown in Fig. 1(a) and Fig. 1(b) shows ITO/CuSCN/MA3Sb2lg
/Cs2AgBIBre/TiO, /Au the inverted structure. It is constructed using ITO, which works as a top
electrode of 200 nm thickness. MAsSh.lg as PAL 1 of thickness 100 nm, Cs2AgBiBrs as PAL 2 of
200 nm thickness, TiO2 as an ETL of width 40 nm, CuSCN as a HTL of width 50 nm. Au works as
the back contact. Fig. 1(c) represent the working mechanism in the device, MA3Shzlo captures solar
spectrum photons whose energy is more than its bandgap of 1.53 eV and generate electron and hole
pairs in the conduction and valance band of MAsSh:zlg then it passes to Cs,AgBiBrs whose bandgap is
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1.7 eV and it absorbs photons of energy level more than the bandgap of Cs,AgBiBrs. Generated Holes
and Electrons move towards HTL and ETL respectively.

Figure 1(a) shows structural diagram of PSC device n-i-p structure, Figure 1(b) shows structural
diagram of PSC device p-i-n structure and Figure 1(c) demonstrate energy band diagram and the carrier
transport mechanism in proposed structure. Table 1 mention the used simulation parameters and
material properties in this paper of MAsSbzlg and Cs2AgBiBre based PSC device.
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Fig. 1 (a) structural diagram of proposed PSC device (b) structural diagram of inverted PSC device
(c) Energy band diagram and the carrier transport mechanism in MA3sShzlg and Cs2AgBiBrs based
PSC device.

Fig. 1(c) shows band diagram with respect to vacuum level. Valence band and conduction band of
sandwiched layers are compatible such that it allows smooth carrier transport. Electron and hole pair
generate in perovskite absorption layer MA3Sbzlg and Cs2AgBiBrs, electron moves in conduction band
of MA3Shzlg of energy level —3.87 eV to ETL energy level —4.2 eV and further collected at ITO at
energy level —4.7 eV. In this way electron moves from higher energy level to comparatively lower
energy level to contribute current. Hole moves in valence band of Cs;AgBiBrs of energy level
—5.33 eV to HTL energy level at —5.1 eV and further collected at electrode Au at energy level
—5.1 eV. Here hole moves in valence band lower energy level to comparatively higher energy level to
contribute current. Similarly, in the inverted structure, Electron moves in conduction band of
Cs2AgBiBrs of energy level —3.72 eV to ETL energy level —4.2 eV and further collected at Au at
energy level —5.1 eV. In this way electron moves from higher energy level to comparatively lower
energy level to contribute current. Hole moves in valence band of MAsShlg of energy level —5.4 eV

to HTL energy level at —5.1 eV and further collected at ITO at energy level —4.7 eV.
Table 1 The properties of materials and simulation parameters in MAsShzlg and Cs;AgBiBrs based

PSC device
Parameters CuSCN MA;sShalg | Cs;AgBiBrs | TiO, ITO
Thickness (nm) 50 100 200 40 200
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Eq(eV) 3.17[21] 1.53[19] 17[20] [32[22] | 3.5[22]
Electron Affinity (eV) 2.45[21] 3.87[19] 4.19 3.9 4[22]
Relative permittivity 3[21] 6.32[19] 5.8[20] 9[22] 9[22]
Conduction band effective | 2.2x10%8[21] | 1x10° 1x10° | 1x10% | 2.2x10'8
density of statesN.(cm~3)
Effective density and
valence band of 1.9x101°[21] | 1x10%° 1x101°[20] | 2x102° | 1.8x10%°[22]
statesN, (cm™3)
Electron thermal velocity 1x 107 1 x 107 1x107 | 1x107 | 1x107[22]
(cml/s)
Hole thermal velocity (cm/s) 1x 107 1 x 107 1x 107 1x107 1x107
Moi’l':'tércr’l‘;f\'fsc)tm” 2x10~*[21] | 6x1074[19] |  9.28 20 20
MS:'("C%S/‘:/Z‘;'E 2x10~* | 6x10-%[19] |  9.28 10 10
Donor density Np(cm™?2) 0 1x1018 1x10%® | 2x1019 1x1021
Acceptor density Ny(cm™2) 1x1018 1x1018 1x10%° 0 0
N¢(cm™3) 1x1014 1x101* 1x10%* | 1x10%5 1x10%5
s A LI s [ invert the swucture
left contact (front) |
—:;2 —
CM»:;S;ZELQS ‘ TiO2 / MA3Sb219
CusCN Cs2AgBIBI6 / CUSCN|

add layer ‘

right contact (back)

Info on graded | only

Problem file

new problem
set up on: 4-11-2023 at 10:58:22
Remarks (edit here)

Comments (to be} included in the def file

Can be edited by the user

lable after a

ion
numerical settings

new J

load J

save J

cancel

Fig.J2 Picture of SCAPS 3.3.10 béfinition Panel containing the proposed structure.

3. Results and discussions

The effect of variation of defect density and thickness of the PAL, i. e. MAsSh.lg and Cs,AgBiBre on
the PSC device has been investigated to obtain specific PSC device which provide maximum PCE.
Further, VI characteristics of the proposed layers ITO/TiO,/MA3Sbhzls /Cs2AgBiBrs/CuSCN/Au and
ITO/CuSCN/MAsShlg /Cs2AgBiBre/TiO,/Au has been obtained and discussed. Standard deep
energy defect level of 0.6 eV is considered. Effect of variation of series resistance, shunt resistance
and temperature on V¢ , Jsc , FF and PCE is drawn and optimized result has been discussed.

3.1. Effect of MAsShzls and Cs2AgBiBrs thickness and Defect Density variations on PSC

parameters
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The simulation of MA3Sb2le and Cs,AgBiBre based device is established by utilizing the parameters
listed in Table 1. Effect of variation of defect density of MA3Shzlg and Cs2AgBiBrs is studied. Effect
of variation of MA3Shzlg and Cs,AgBiBrs thickness at the defect density of 1 x 10 cm™3 is
investigated. Variation of Vg, Jsc , FF and PCE with the defect density of MA3Shzlg and Cs,AgBiBre
is studied as it is varied from 1 x 103 cm™3to 1 x 107 cm™3. It is seen that V¢ decreases drastically
as the defect density is increased from 1 x 1023 cm™3 to 1 x 1017 cm™3. Jsc remains constant when
defect density is decreased from 1 x 10233 cm™ to 1 x 10 cm™3 and it decreases when defect
density is increased to 1 x 1017 cm™3. FF also remains constant when defect density is decreased from
1x 1013 cm™3to 1 x 10 cm™3 and it decreases when defect density is increased to 1 x 107 cm™3,
PCE decreases 43% as the defect density is increased from 1 x 103 cm™3 to 1 x 107 cm™3.
Variation of FF, Js¢, Voc and PCE with respect to change of thickness from 50 nm to 250 nm of
MA3Sbzle and 100 nm to 300 nm of Cs2AgBiBrs is studied. It is well observed that Vo continuously
decreases with increase of MA3Sh:lg thickness, provides a maximum value 1.18 VV which obtained at
the MA3Shzlg width of 50 nm. This may be explained as increase in MA3Shzlg thickness allow
absorption of more solar photon, results into increased charge carrier pairs. It is observed that J.
increases with the thickness variation of MA3Shzlg from 50 nm to 100 nm then it gradually reduces
with the width increasing from 100 nm to 250 nm. It happened mainly due to increased rate of
recombination. FF continuously decreased with the increasing MAsShly thickness, at 250 nm we
obtained FF of 62.6% . FF reduce with increase of width from 50 nm to 250 nm. The PCE is
increased till the thickness of MA3Shlg reached 100 nm then it continuously decrease with increase
of MA3Sb2le width from 100 nm to 250 nm, mainly due to decreased current density. Maximum PCE
of 27.87% is obtained at 100 nm. V¢ continuously decreases with increase of Cs,AgBiBrs thickness
increases from 100 nm to 300 nm. Jg. remains constant with the thickness variation of Cs,AgBiBrs
from 100 nm to 200 nm and then it decreases as Cs2AgBiBrg thickness increases from 200 nm to 300
nm. FF also remains constant with the thickness variation of Cs,AgBiBre from 100 nm to 200 nm and
then it decreases as Cs.AgBiBre thickness increases from 200 nm to 300 nm. PCE is increased till the
thickness of Cs2AgBiBrs reached 200 nm then it continuously decrease with increase of Cs2AgBiBre
width from 200 nm to 300 nm, mainly due to decreased current density. Maximum PCE of 27.87%
is obtained at 200 nm thickness of Cs2AgBiBrs.
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Fig. 3. Shows the solar cell parameters variation with respect to thickness and defect density of
PAL.(a) Defect density variation of MA3Sh.lg and Cs2AgBiBrs effect on FF |, Jsc , Vo and PCE .(b)
Thickness variation of MA3Sh2lg effect on FF, Jsc , Voc and PCE (c) Thickness variation of
Cs2AgBIBrs effect on FF, Jsc , Voc and PCE.

3.2. Impact of variations of Temperature, Shunt Resistance and Series Resistance on PSC
parameters

Series resistance is an important parameter in photovoltaic devices, including perovskite solar cells.
Series resistance can reduce the fill factor of a solar cell. The fill factor signifies the ability of a solar
cell to convert sunlight into electrical power. Increased series resistance can lead to a drop in the fill
factor due to losses in the cell's output power. Here the series resistance is varied from 0 Q cm? to 6 Q
cm?. It is seen that V. remains constant throughout whereas J,. and FF decreases gradually. PCE first
remains constant till the variation of series resistance from 0 Q cm? to 1 Q cm? and then it decreases
till series resistance is increased to 6 Q cm?. Shunt resistance is another important parameter in the
characterization of solar cells. It impacts various key parameters and the overall performance of the
solar cell in a manner opposite to that of series resistance. Shunt resistance refers to the resistance
pathway in parallel with the photovoltaic cell. Higher shunt resistance contributes positively to the fill
factor of solar cells. It helps reduce the leakage current paths, allowing the cell to maintain higher
efficiency and output power. Shunt resistance can affect the short-circuit current density. A higher
shunt resistance helps minimize the loss of current due to shunting paths, contributing to a higher short-
circuit current. Here the shunt resistance is varied from 1 x 10 Q cm? to 1 x 107 Q cm?. It is seen
that V,. and ] remains constant throughout whereas FF first remains constant till the variation of
shunt resistance from 1 x 101 Q cm? to 1 x 10° Q cm? and then decreases till the variation of shunt
resistance from 1 x 10° Q cm?to 1 x 107 Q cm?. PCE also first remains constant till the variation of
series resistance from 1 x 10* Q cm? to 1 x 10° Q cm? and then it decreases till shunt resistance is
increased to 1 x 107 Q cm?. Temperature has a major impact on the performance of PSCs, affecting
various key parameters in the device. Temperature has direct impact on the open-circuit voltage of
PSCs. Generally, as temperature increases, open-circuit voltage decreases. It is due to increased
intrinsic carrier concentration and changes in the bandgap of the material at higher temperatures.
Temperature also affects the short-circuit current density. An increase in temperature usually leads to
a slight increase in the current due to improved carrier mobility and enhanced generation of charge
carriers. The FF of perovskite solar cells are influenced by temperature. Higher temperatures often
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lead to a decrease in the FF due to increased series resistance and changes in charge carrier
recombination rates. The overall PCE of perovskite solar cells are significantly affected by
temperature. Here temperature is varied from 275 K to 425 K. ] remains constant throughout whereas
FF, PCE and V,. decrease gradually as the temperature is increased from 275 K to 425 K.
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Fig.4. Shows the variation of Solar cell parameters with respect to Temperature, Shunt Resistance
and Series Resistance.(a) Series Resistance variation effect on FF , Jsc , Voc and PCE.(b) Shunt
Resistance variation effect on FF, Jsc , Voc and PCE (c) Temperature variation effect on FF, Jsc,
Voc and PCE.

3.3. VI Characteristics of both N-1-P Structure and P-1-N Structure
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Fig.5. Shows VI Graph of the proposed structure and its inverted structure.
The Voltage-Current (\V-1) characteristic of a perovskite solar cell describes relationship between the
voltage applied across the solar cell terminals and the resulting current passing through the cell under
illumination. It illustrates how the cell behaves electrically and provides important insights into its
performance. When a perovskite solar cell is exposed to light, it generates photocurrent due to the
absorption of photons and the subsequent creation of electron-hole pairs within the material. The V-I
curve under illumination shows the relationship between the voltage and the resulting current in the
presence of light. The shape of the V-1 curve for a perovskite solar cell may vary based on factors such
as the cell's design, material properties, illumination conditions, and temperature. A well-performing
perovskite solar cell typically exhibits fill factor, high short-circuit current and high open-circuit
voltage approaching unity, leading to a higher efficiency. Here from the above two graphs it is seen
that N-I-P Structure is having Vg of 1.04 V which is higher as compared to P-I-N Structure having
Voc of 0.818 V. So, we have considered the variation of other parameters of N-I-P Structure as it is
having better performance of VI characteristics as compared to the inverted structure.
Table.2. Improvement of PCE over earlier simulated work.

Device Structure Voe | Jsc (mA | FF(%) | PCE(%) | References
(V) | /em?)

PEDOT:PSS/ MA3Sb2ls/CdS 1.02 24 81 20.23 [23]
FTO/TiO2/ Cs:AgBiBrs /Cul/Au 091 | 23.75 75.23 15.3 [24]

FTO/ TiO2/ MA3Sb,lo/Spiro-OMeTAD/Au) | 1.0 | 19.54 82 17.35 [25]
ITO/ZnO/ Cs2AgBiBre /Spiro-OMeTAD/Au | 152 | 18.54 69.35 16.3 [26]
Glass/FTO/TiO2/ Cs2AgBiBre/Cu20/Carbon | 1.18 22.75 77.73 19.32 [27]

This Work 1.04 23.48 80.37 | 27.87

4. Conclusions

An extensive investigation has been done for obtaining a high efficiency device configuration of
double layered doubly PSC and same has been simulated using SCAPS-1D software. The present study
using device structure ITO/TiO,/MAsSh2ly /Cs,AgBiBrs/CuSCN/Au shows a better solar cell
parameters, mainly PCE using MAsShzlg and CsAgBiBrs individually for earlier works. Different
combinations of width and defect density of PAL has been tried to obtain optimized solar cell
parameter. Also the Temperature, Shunt Resistance and Series Resistance effect on the PSC parameters
has been studied to use these parameters of optimum value for fabrication of the perovskite solar cell.
The simulation of proposed device structure at the thickness of 300 nm and defect density of
1 x 10** cm™3 of PAL, provide best possible power conversion efficiency of 27.87%, Voc of 1.04 V
and Jsc of 23.48 mA/cm? and FF of 80.37%. This is mainly due to increased charge carrier pairs
generation and reduced recombination respectively. It has been found that defect density of PAL is of
tremendous effect on improving PCE. The present study will contribute towards the fabrication of
highly efficient device of perovskite material MA3Sbzlg and Cs,AgBiBrs, furthermore reduce
dependence on fossil fuel and provide insight to researchers to optimize solar cell parameter in future.
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