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Abstract Original Research Article

PSC device is one of the evolving solar renewable energy resources that is globally best accepted for
the replacement of conventional CIGS energy resources because it is efficient and profound for energy
generation. Ensuring the effectiveness of this device is crucial, which will ensure its efficiency during
conversion. In this research CsPbls inorganic material was numerically simulated using the SCAPS-
1D software with initial result of PCE, FF, Jsc and Voc obtained as 31.61 %, 86.88 %, 42.0857 mA/cm?,
and 0.865 V respectively. The effect of values on HTL, absorber layer and ETL simulated the results
shows that the thickness of each layer plays a vital role on the optimization of PSC devices except for
HTL where only a little parameter changes are observed. Nevertheless, the acceptor density variation
on HTL shows a unique increased effect on the PSC structure performance with a very good desirable
optimized values of PCE, Jsc and VVoc which was observed as 31.7 %, 86.9 %, 42.1 mA/cm?, and 0.993
V at 10%° cm. This shows that the choice of parameters for the fabrication of a PSC device is important,
because it will determine the effectiveness of the device.
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1. Introduction is generating daily, the power conversion

Energy crisis occurs as a result of limited
resources, materials, and infrastructure which is
generally observed across the globe, in Africa it
has become very alarming where the energy
supply do not meet the demand despite having
the most abundant renewable energy resources
(solar) present which is clean with no noise and
minimal requirement of sophisticated equipment
for harvest [1, 2]. The energy obtained from solar
radiation is enough to solve the energy crisis
observed across the globe but the materials
available for harvesting this energy those not
meet the requirement, compared to what the sun

efficiency (PCE) of solar energy harvesters
especially the solar cell materials is minimal
which has been reported to be around 25% [3].
Improving the performance of solar cells for
energy conversion has been of concern to
researchers because energy obtained from the
sun remains the best solution that will solve the
increasing global demand of energy [4].
Although there is a significant improvement in
recent years where thin film nanoparticles such
as CIGS solar cell and now the Perovskite Solar
cell (PSC) in organic or inorganic form has been
fabricated for solar energy harvest [5]. So far, the
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performance of this photovoltaic cell, which was
fabricated recently and is found in the market,
has been highly recommendable due to its
improved properties, nevertheless there is still
more to do because the energy conversion
efficiency is not even half way yet compared to
what the sun is generating daily [6] Therefore it
IS necessary to consider improving the properties
of this PSC, this will show a significant shift in
the energy industry toward enabling an improved
performance of solar cells for energy generation

[1].

1.1.Perovskite Solar Cell (PSC)

Perovskite Solar cell is currently the most
significant material for photovoltaic energy
harvest replacing CIGS solar cells, it is less toxic
with low production cost and flexible for
placement on substrate. PSC remains the best PV
with Power conversion Efficiency (PCE), but it
is limited to the expectation of achieving
absolute PCE with longevity of PV cells. This
weakness observable in PSC is due to the type of
material used during fabrication such as
CsPbCls, CsPblz, CsSnls, CsSnGels, Cs3Bizlo,
MASNI3, CHsNH3Snls, CH3NHsPblz, among
others. The crystallinity of the nanoparticle also
affects the performance of PV modules, because
pure crystals are said to provide excellent optical
properties for PV cells to enable efficient energy
conversion, the thickness and the doping
concentration of the nanostructures are also
included in this case. Similarly the performance
of PSC is been affected by the different layers of
its structure which include the Hole transport
layer (HTL), Electron Transport layer(ETL), the
Energy Gab (Eg), the temperature and the
mobility of the nano-pico-particles etcetera [1].
These parameters influence the properties of
these particles for energy conversion in solar
cells, and the effect is significantly observed in
the Field Factor (FF), Quantum Efficiency of the
PSC (QE) and PCE (%) analysis obtained from
the I-V and QE characteristics curve.

1.2. In-organic CsPpl3 PSC Material

Cesium Lead lodide (CsPbls) is an In-organic
halide PSC material highly considered for the
fabrication of PV cells, it is one of the best recent
PSC material that has drawn many researchers
attention because of it remarkable improved

optical and electrical properties and its effect is
observed on PCE, FF and QE. Among other PSC
materials, CsPbls is said to be polymorphs in
nature with different vibrational thermodynamic
properties, its UV-Vis absorption properties
shows a unique shift from what was already
obtainable which makes it one of the most
promising materials for solar energy conversion.

Boussaada (2025) reported an ETL and
photovoltaic  analysis using  1D-SCAPS
simulation of CsPbls materials, during the
optimization simulation of the material with
thickness of 900nm for the absorber layer,
doping level of 1.5 X 10™® cm=, and a defect
density of 1 x 10'2cm3, the PSC simulation result
parameters was reported with the following data:
FF 82.43%, J 20.32mA/cm? and a PCE of
21.34%. This shows a highly improved
performance compared to the experimental data
[1]. Comparing with the result obtained by Goje
(2023) in the optimization of Al,O3 material ETL
layer with thickness of 40nm, the FF changes
from 68.11% , Jsc of 37.23mA/cm? with PCE of
20.61% at 300K, this shows the CsPblz is more
significant and better compared to Al,O3 [7]. The
HTL impact in CsSnlz inorganic material
reported by Adnan (2022) shows a remarkable
shift from the previously reported research with
simulation  parameters of 86.6% FF,
33.5mA/cm? Jsc and 28.76% PCE, with absorber
thickness of 0.6um [8]. Furthermore, Danladi
(2022) conducted a research using the SCAPS
software on the thickness variation of
CHsNHsSnlz inorganic material from 100-
1300nm at 300K, the result indicate a FF of
53.439%, Jsc of 21.166mA/cm2, Voc of 0.741
and PCE of 8.382% [9].

In this research, 1D-SCAPS simulation tool will
be deployed to optimize Perovskite Solar Cell
Using Inorganic CsPblz material.

2. Device Simulation

Improving the optical and electrical properties of
perovskite solar cell (PSC) is not best to be first
considered experimentally, rather simulation of
PSC properties is paramount to obtaining the
best data required for the fabrication of PSC. The
1D SCAPS simulation tool wversion 3.1.10,
developed at the University of Gen, department
of Electronics and Information Systems (ELIS)
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Alex Niemegeers, Johan Verschraegen, and
Stefaan Degrave. The simulation of the PSC data
in SCAPS is achieved by solving the Poisson’s
and Continuity Equations which was developed
to solve the relationship between the electric
field of P-N Junction and space charge density
[10].
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2.1. Device Structure and Inputs Parameters

The light spectrum of AM1 5G 1 at 300K
temperature value was used for the stimulation
as displayed in figure 2.1 (Action panel) with a
constant illumination of 1000W/m?. The Action
panel enables selection of 1-V and QE properties
to be analyzed in order to get the desirable result.

SCAPS 3.3.10 Action Parel — O *
r—Working point———————— —Series resistance Shunt resistance— —— Action list All SCAPS settings —
Temperature (K} ﬁ 300.00 yes g yes!
no
Voltage (V) ﬁD 0000 | Load Action List | | Load all settings |
£ = 1.00E+0 Rs Ohmem™2 Rsh 1.00E+3
Frequency (Fiz) = 1.000E+6 i - ) ﬂ—l | Save Action List | | Save all setlings |
Number of points 55 Sjcm'2 Gsh ﬁ 00E-3
llurrination: Dark -:D Light Specify illumination spectrum, then calculate G(x) |:|:- Cirectly specify G(x)

Analytical model for spectrum -_|_|Spectrum from file |

Spectrum file name:

illuminated from left .]] illuninated from right

— Analytical medel for G(x) [ [ —

Gx) from file

Incident (or bias)

light power (W/m2)
Select Gix) model e — ration G
AM1_5G 1 sun.spe sun orlamp 100000 k) Mode \ Constant generation G
spectrum file I g s Shortwavel. (nm) =/200.0 i Q |deal Light G G 2 2
Spectum cut off ? te et after cut-off | 1000.00 deal Light Currentin G(x) (mA/cm2) 20.0000
Long wavel. (nm) 40000 Transmission of attenuation filter (%) ﬂ 100.00
Neutral Density ﬂD‘DDDD Transmission (%) % 100.000 after ND 1000.00 Ideal Light Currentin cell (mAfcmz2)
Action——— -Pause ateach step number
of points
=W V1 (V) 200000 V2(v) & 15000 [ StopaterVoc %78 | &00000 |nerement (V)
- cv VI (V) 208000 V2(V) 2 08000 251 | Soom [increment(v)
— Gf 1{Hz) ﬁ'I‘UUUE*-Z f2 (Hz) §1.DDUE+B ﬁ?_'l ﬁS points per decade
= QE(PCE) WL1 (nm) 2 300.00 WL2 (nm) 2 900.00 261 | &0 increment (nm)
Set problem | toaded cefniton e ’ new problem |OK
Continue ] Stop ] Results of calculations J Save all simulations J
Batchsetup ) EB| GR| AC| v | CV| C£| QE Clear all simulations J
e
Record setup Recorder results J SCAPS info |
o

Figure 2.1 Device Launching Properties

Figure 2.2 shows the SCAPS configuration of the
PSC in the form of FTO_TiO2_CsPbls_Spiro-
OMeTAD. The FTO represents the front contact,
TiO2 the ETL layer while the Absorber layer

(ABL) was inculcated with CsPbls elemental
structure and the Spiro-OMeTAD was used as
the HTL layer.
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Figure 2.2 The device structure of CsPbI3 PSC

The necessary input parameters for all the
structure layers are shown in Table 2.1, this
include the thickness, electron affinity, band gab,
dielectric permittivity, effective density, thermal
velocity, mobility, and Donor and Acceptor

densities while Table 2.2 shows the interface
defect parameters which include Defect type,
Electron capture cross section (cm?), Holes
capture cross section (cm?), Energy distribution,
and Energy with respect to reference (eV) [11].

Table 2.1 SCAPS Device input parameters for the simulation of PSC structure

Properties CsPbls TiO; FTO Spiro_ OMeTAD
Thickness (um) 0.8 0.01 0.1 3.0
Band Gab Eg 1.1 2.5 2.5 1.2
(eV)
Electron Affinity 4.5 4.5 4.6 4.6
X (eV)
Dielectric 10 10 10 6
Permittivity er
CB Effective 1x10'° 1x10'8 1x 108 1x10'8
Density State N
(1/cm?)
VB Effective 1 x 10%° 1x 10%° 1x 10 1x 10%°
Density State Ny
(1/cm?)
Electron 1 x 107 1 x 107 1 x 107 1x 107
Thermal
Velocity (cm/s)
Hole Thermal 1x 10’ 1x 10’ 1x 10’ 1x 10’
Velocity (cm/s)
Electron 50 50 50 50
mobility pn
(cm?/Vs)
Hole mobility pp 50 50 50 50
(cm?/Vs)
Donor density - 1 x 10%? 1x10'° -
(ND) 1/cm®
Acceptor density 1 x 10'° 1x 108 - 1x 10%
(NA) 1/cm3
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Radiative 0 1x10% 0 1x1012
recombination

(cm®/s)

Auger electron  2x 103 0 0 1x10%
capture (cm®/s)

Auger hole 1x10% 1x10% 0 1x 102
capture (cm®/s)

Defect density 1x10% 1x10% 1x10% 1x 108
(cm®) 1 x 10* 1x10%

Table 2.2 Interface defect input parameters

Parameters Spiro OMeTAD/CsPbls  CsPsls/TiO- TiOo/FTO

Defect type Acceptor Donor Donor

Electron capture 1x 1018 1x 1078 1x 10716

cross section (cm?)

Holes capture cross 1 x 107%° 1x 1018 1x107°

section (cm?)

Energy distribution  Single single single

Energy with respect 0.9 0.7 0.3

to reference (eV)

Total density (cm®) 1 x 10% 1x10° 1 x 10%
3. Results and Discussion 3.1 Initial Device Data Analysis
Experimental values are essential towards The initial simulation data gives the current-
ensuring optimal simulation data analysis and density and voltage plot, quantum efficiency
interpretation for improving device performance, with wavelength/photon energy, and the device
knowing the correct parameters needed for the energy band profile as shown in figure 3.1

fabrication of PSC devices support advancement
and durability.

BY NC

@ 01 SSR Journal of Multidisciplinary (SSRIJM | Published by SSR Publisher




SSR Journal of Multidisciplinary (SSRIM) | ISSN: 3049-1304 | Volume 3| 2 | 2026

0z

100

(a)
40 [ O0090000000000000000000000000000004,
%
*
o .
6 '.
2 |
o '.
E |
2 1
2 1
g 0 [
a
o |
c
g [
£ |
5
= [
-20 |
40
0 0.2 0.4 0.6 0.8 1
Yoltage (¥)
102
(c)
100
- /""' L
9% L]
- L
) °
< g o
=] L
L ]
92 L2
°
e
90 h N
LN
L N
L
88 ® o
2
°
86
1.5 2 2.5 3 3.5 4
Photon Energy (e¥)

|
|
" ,I -—.-M.*.'..
96 ‘
5 $
e gq f
=)
92 -‘:’
.
Q0 ‘/t‘
85 f.
86
300 400 500 600 700 500 Q00
Wavelength {nm)
2
) A =027 50
b AE. = 1066 et
|
Spiro-OMeTAD

Llslie\f CsPbl, 1.06Teel
1 i

AE=0.199 Y

(=1

Energy {e¥)

Tid,

AE, = 7,565 st

z 25 3 3.5 4
Distance {pm)

Figure 3.1 Initial simulation characteristics of (a) current density and voltage (b) QE and wavelength
(c) QE and Photon energy and (d) the energy band profile display

The first simulation was carried out under light
mode illumination with result of Short Circuit
Current (Jsc) 42.0857 (mA/cm?), Fill Factor (FF)
86.88 %, and Power Conversion Efficiency
(PCE) of 31.61 % with an Open Circuit VVoltage
(Voc) of 0.865V. this result is similarly to what
was obtained in [2], [12]and [13] in agreement
with the result obtained in [14] and [3], the result
in this research shows a slide improvement to the
experimental results this is as a result of the
addition of some parameters such as the doping
concentration, radiative recombination
coefficient, Auger electron/hole  capture
coefficient and the interface parameters. Figure
3.1b and 3.1c shows the plot of QE against
wavelength and photon energy, the wavelength
ranged from 300-900 nm and has attained a
maximum value of 99.66 % at 499.8 nm, the QE
rises from 87.01 % at 799.5 nm to attain that

maximum which indicates the coverage of the
entire visible region and reaches a good
absorption maximum before declining to 900 nm
[15]. Figure 3.1d shows the energy gap of the
Spiro-OMeTAD/CsPbls/TiO2/FTO structure
with 0.199 eV and 0.276 eV at Spiro-
OMeTAD/CsPbls interface, and at CsPblz/TiO;
interface it was 2.565 eV and 1.066 eV, this is
important because it will help improve the flow
of charge careers at the interface which is
required for enhance perovskite solar cells [16].

3.2HTL layer thickness effect on the
performances of PSC

The thickness of each layer of the PSC plays a
significant role on the performance of the solar
device, for HTL layer thickness as observed from
the stimulation data shown in Table 3.1 and
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figure 3.2 were observed at 1-10 pum which result
to different values of PCE, FF, Voc and Jsc.

Table 3.1 I-V curve Simulation parameters with varying thickness

Thickness PCE FF Voc Jsc
(Hm) (%) (%) (V) (mA/cm?)
1 31.6 86.9 0.865 42.1
2 31.6 86.9 0.865 42.1
3 31.6 86.9 0.865 42.1
4 31.6 86.9 0.865 42.1
5 31.6 86.9 0.865 421
6 31.6 86.9 0.865 42.1
7 31.6 86.9 0.865 421
8 31.6 86.9 0.865 42.1
9 314 834 0900 421
10 30.6 756 0.993 42.1
i 102 P
100
E & :0 ?
A g
- E o
g-l T:Dum 3
% e s
g H— 10,0 pm
[ ] 90
8
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SIIEE(E) F & ® ® § ®B = ] B
316 e6[ 0:%8 7 F42.1
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st . L el 0,96 #- Current Density (majcm?)
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Figure 3.1 (a) J-V curve with at different thickness (b) comparison of QE with Wavelength at different
thickness (c) comparison of PC E and FF curve at different thickness (d) comparison of Voc and Jsc
Curve at different thickness
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Figure 3.2a shows that the thickness of the HTL
layer does not affect J-V curve rather the Voc
were shut circuited at different Jsc with different
thickness values which is also observed in QE
and wavelength plot. Generally speaking, the
selected values for different thickness of the
HTL layer does not signifies unique changes in
the performance of the PSC device rather, little
changes were observed at 8-10 um which shows
a decrease in the PCE and FF as shown in Figure
3.2¢, in figure 3.2d an increase in voltage was
similarly observed at the same thickness range of
8-10 um but there was no changes in the current
density [17]. The PCE, FF, Voc and Js
performance is at its best from 1-7 um with
values 31.6 %, 86.9 %, 0.86 V and 42.1 mA/cm?
respectively [18].

3.3 The Influence of HTL Acceptor Density
on the Performance PSC

The acceptor density plays a very unique role in
the performance of the device structure, it is
where the materials are clarified in terms of
HTL, ETL and absorber layer [19, 20]. The ETL
layer is mostly made up of donors while the
Absorber layer contains more of the acceptors to
enable effective absorption of solar radiant and
enhance flow of charge carriers. The acceptor
density was varied with values between (10!
102%) cm3, the simulation resulted in obtaining
values for PCE, FF, Voc and Jsc as shown in table
3.2.

Table 3.2 I-V curve simulation data with varying acceptor density

ACCEPTOR PCE  FF (%) Voc (V) Jsc
DENSITY (%) (MA/CM?)
(CM?)
10t 14.2 76.09 0.865 42.1
10% 16.2 77.90 0.865 42.1
10% 18.1 79.40 0.865 42.1
10% 20.2 81.80 0.865 42.1
10% 22.0 84.50 0.865 42.1
10% 23.1 84.80 0.865 42.1
10Y 26.5 85.59 0.865 42.1
1018 30.0 86.40 0.865 42.1
10%° 31.6 86.80 0.900 42.1
10% 31.7 86.90 0.993 42.1
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Figure 3.3 (a) J-V curve with different acceptor density values (b) comparison between PCE and FF at
different acceptor densities (c) comparison between Voc and Jsc at different acceptor densities

Figure 3.3a shows a significant impact of the
acceptor density on the current density-voltage
properties, the acceptor density increases the
PCE values of the device due to an increase in
the hole charge careers, the PCE and FF became
so high at 10°-10%° cm™ with values of 31.6 and
31.7 3%, 86.8 and 89.9 % respectively as shown
in figure 3.3b. These values indicate an
important shift in the advancement of PCS
devices in order to improve its energy generation
capacity [21, 22]. These properties were
similarly observed in figure 3.3d where the
voltage also increases with increase in the
acceptor density and reversal for the current
density with best values of 0.9 V and 42.1
mA/cm?. The result obtained shows how
effective hole charge careers are to PSC device
performances, therefore acceptor density should
be taken seriously in order to improve PSC
devices.

3.4The Influence of Absorber Layer
Thickness on the Performance of PSC

The absorber layer controls the activities of
charge careers with majority holes in a PSC
device, it traps and enables the effective flow of
the solar radiant for energy generation.
Optimizing the properties of the absorber layer
will boost the efficiency and performance of the
device, this is achievable by ensuring the
desirable parameters are fabricated on the device
to achieve success [23]. Table 3.3 shows the data
generated during the simulation at different
thickness with a characteristics graph as shown
in figure 3.4. The simulation was carried out at
thickness values between 0.1-1 um and
wavelength 300-900 nm with Voc from 0-1 V.
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Table 3.3 I-V curve simulation data with varying thickness values

Thickness (um) PCE (%) FF (%) Voc (V) Jsc (MA/cm?)
0.1 31.8 86.8 0.861 42.5
0.2 17.9 86.9 0.873 23.7
0.3 25.1 86.9 0.876 33.0
0.4 28.4 86.9 0.875 37.3
0.5 30.0 86.9 0.872 39.6
0.6 30.8 86.9 0.870 40.8
0.7 31.3 86.9 0.867 41.5
0.8 31.6 86.9 0.865 42.0
0.9 31.7 86.9 0.863 42.3
1.0 31.8 86.8 0.861 42.5
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Figure 3.4 (a) Jsc and Voc curve at different thickness values (b) QE and wavelength at different
thickness values (c) comparison between FF and PCE at different thickness (d) comparison between Voc
and Js at different thickness

The result obtained during this simulation gives
a clear effect and how impactful an absorber can
be to any PSC device, the thickness changes
causes a lot of data alteration and that is a choice
of absorber layer thickness is very important in
order to maximize the efficiency of the device
[24]. In figure 3. 4a&b shows that the thickness
parameters affect the current density and decline
at a voltage >0.8, similarly observed with the
quantum efficiency (QE) where the thickness
causes significant changes with QE >80 % and
decreases as it approaches 900 nm [25]. The PCE
values start to decrease at first then it later
increases from 0.5 um and for the fill factor it
increases to from 0.1 um, it then remains steady
at 86.9 % until it was 1 pm then it decreases as
shown in figure 3.4c. Considering figure 3.4d,
the voltage first decreases at 0.2 pm then
increases to the initial voltage value, and the
current density also increases and decreases

sharply which shares an approximate parallel
view with the voltage as presented [26]. The
optimal values for PCE, FF, Voc and Jsc generated
for this optimization includes 32.8 %, 86.9%,
0.861 V and 42.5 mA/cm? respectively [27].

3.5 The influence of ETL layer thickness on
the performance of PSC.

The effectiveness of the ETL layer determines
the efficiency of the absorber layer; the ETL
layer has firsthand contact with the solar
radiation before it reaches the absorber layer
[28]. Good material for the ETL layer and the
choice of appropriate parameters will greatly
enhance the flow of charge careers into the
electrode and boost large energy harvest for PSC.
The range of values used to determine thickness
effect were 0.1-1 um, the voltage was set at
maximum 1.5 V, and the wavelength between 300-
900 um [29]. nearly similar properties was observed
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as seen in absorber layer thickness with a significant
effect on the J-V Curve as seen in figure 3.5a where
the thickness affect the level of current density, this
also directly affect the values of QE at different level
due to the increase in wavelength, at 0.2 pm thickness
the wavelength shows a unique decrease of QE
compared to the rest of the thickness values as shown
in figure 3.5b. No dissatisfactory effect of the
thickness values was observed on PCE until when it
reaches 1.0 Mm then a slide decrease is seen, and for
FF it remains the same but slightly decreases at

thickness of >0.6 um [30]. The V. were the same
throughout all the thickness values but a slight
decrease was observed at >0.7 um thickness values
[31]. The most appreciated values for these
simulation PCE, FF, Vo and Jsc are at 31.6 %, 86.9
%, 0.865 V and 4.21 mA/cm? respectively. The ETL
layer plays a vital role in enabling incident solar
radiation to be absorbed by the absorber layer with
minimal reflectance and controls the flow of the
charge carriers at the electrode.

Table 3.4 J-V simulation data at different thickness values

Thickness PCE (%) FF (%)
(nm)
0.1 31.6 86.9
0.2 31.6 86.9
0.3 31.6 86.9
0.4 31.6 86.9
0.5 31.6 86.9
0.6 31.6 86.8
0.7 31.6 86.8
0.8 31.6 86.8
0.9 31.6 86.8
1.0 31.5 86.8

Voc (V) Jsc (MA/CM?)
0.865 42.1
0.865 42.1
0.865 42.1
0.865 42.1
0.865 42.1
0.865 42.1
0.865 42.0
0.865 42.0
0.865 42.0
0.865 42.0
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Figure 3.5 (a) Jsc and Vo plot at different thickness values (b) QE and wavelength plot at different
thickness values (c) comparison between PCE and FF at different thickness (d) comparison of Voc and
Jsc at different thikness

4. Conclusion

The SCAPS-1D simulation was used in this
research to investigate the effective electrical and
optical performance of CsPbls material in
perovskite solar cell (PSC) devices. The initial
input of the simulator software was set at 300 K,
light spectrum of (1000 Wm?) AM1 5G 1,
wavelength ranging between 300-900 nm, and
with a maximum voltage of 1.5 V. Spiro-
OMeTAD was used as HTL layer, CsPbls
absorber layer, TiO2 as ETL layer and FTO as
front contact. The PSC device structure is in the
form of Spiro-OMeTAD/CsPbls/TiOs/FTO, the
numerical investigation was carried out on
thickness and acceptor density of the structure in
order to obtain a remarkable optimize
performance of the device. The initial numerical
simulation of the device gives the results of PCE
at 31.61 %, FF at 86.88 %, Jsc at 42.0857 mA/cm?
and V. of 0.865 V. Considering the effect of

thickness layer of HTL layer, there was only
little adjustment observed at the numerical data
but when the acceptor density was investigated a
significant increase was observed across the
numerical data with good performance at
acceptor density >10'° cm. The effect of results
on the ETL layer increases the efficiency of the
flow of charge carriers across the electrode,
varying the thickness from 0.1-1.0 um the PCE
becomes even more effective at 1.0 um [32]. The
effect of thickness on the ETL layer shows a
decrease in PCE and the current density (Js¢), but
the voltage flows steadily with no changes
observed. The thickness of each layer, defect
density and interfaces all are vital to ensuring
optimal performance of a PSC device therefore,
it is important to be deliberate about the choice
of each parameter during fabrication of PSC
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