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Abstract

In recent years, climate mitigation and limited fossil fuel resources have increased the necessity for electricity, 
especially from renewable sources. Therefore, the sun is an abundant renewable energy source. The solar cell is 
one of the better choices for future clean energy. Due to low prices and high efficiency, the perovskite solar cell 
has emerged lately as a solar cell technology compared to other solar cells. The performance of solar cells varies 
according to weather conditions such as humidity, temperature, and sunlight intensity. This work studied the 
illumination impact on the perovskite solar cell.The perovskite solar cells having n-i-p device structure i.e, FTO/
SnO2/FA0.85Cs0.15Pb(I0.85 Br0.15)3/BiI3/CuI/Au was used. The illumination depended on solar cell parameters 
such as Voc, Jsc, and FF was reported. It has been observed that light intensity affects the device’s performance 
significantly. Hence, this study can have a way for an optimal design of effective performance and economical 
solar cells.
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Introduction

A key technology for producing electricity from 
renewable sources is solar cells. Solar cells are an excellent 
source of clean energy that does not contribute to climate 
change or air pollution because they generate electricity 
without emitting any emissions or pollution. Being 
abundant and never running out, solar energy is renewable, 
and we can use solar energy as long as the sun is out. The 

cost of solar panels and cells has declined rapidly over 
the years, making them increasingly affordable and cost-
effective. In many cases, solar energy is now cheaper than 
traditional energy sources such as coal and natural gas. 
Overall, solar technology is crucial for the shift to a low-
carbon, sustainable economy(1, 2). Due to their potential 
for high efficiency and low cost, perovskite solar cells 
are a type of solar cell that has recently attracted much 
attention. These cells’ use of perovskite materials, which 
are inexpensive and straightforward to produce, makes 
them a suitable replacement for conventional silicon-
based solar cells. Perovskite solar cells are increasingly 
in demand due to the rising demand for renewable energy 
sources and the need to reduce greenhouse gas emissions. 
The efficiency and cost of solar energy production could 
significantly increase and decrease, respectively using 
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perovskite solar cells. One of the most plentiful and pure 
renewable energy sources is solar energy.

In addition, perovskite solar cells can be used in a 
wide range of applications, from large-scale solar farms 
to portable devices, such as smartphones and wearable 
electronics. Their flexibility and lightweight design make 
them ideal for applications where traditional solar cells 
may not be suitable. Overall, the urgent need to switch 
to a more sustainable and clean energy system and the 
potential for perovskite solar cells to offer a low-cost, 
high-efficiency substitute for conventional solar cells 
are driving the demand for perovskite solar cells. The 
improvement in solar cell technologies can be seen from 
1st generation to 4th generation, and the perovskite solar 
cells (PSCs) turned out to be a leading source of energy(3).

The perovskite structure is represented by the 
formula ABX3, where X, A, and B are anions and 
cations, respectively, with sizes A>B. Using α-FAPbI3, 
PSCs achieved record efficiency of 26.08% (certified 
25.73%) and have the potential to be used in solar-scale 
development due to their exceptional light absorption, 
carrier lifetime, and mobilities(4).

The performance of PSCs is limited by issues like 
material toxicity and device hysteresis, despite having the 
potential to replace Si-based solar cells for long periods 
of time. PSCs are capable of stacking up to seven layers 
of various materials, but because of the problem of 
carrier recombination at the interfaces, trap sites that are 
extremely sensitive to moist air appear, which lowers the 
device’s performance.(5)

To be commercialized, PSCs must overcome significant 
obstacles such as material toxicity, defect formation, device 
hysteresis, non-uniformity at the interface, and perovskite 
material stability.(6, 7). The enormous capacitance under 
light conditions compared to dark conditions, which is 
only observed in PSCs, is another difficulty. (8)

Although FA0.85 Cs0.15 Pb(I0.85 Br0.15) 3-based PSCs 
are less toxic and can withstand harsh environmental 
conditions like high temperatures and moisture without 

corroding, they still fall short in many areas. This work, 
SCAPS-1D simulation is used to examine the impact 
of intensity on PSC. The authors of this study observed 
and reported the results of the light-dependent current-
voltage (J-V) characteristics and capacitance-voltage (C-
V) relationships using simulations of FA0.85Cs0.15Pb(I0.85 
Br0.15)3 perovskite materials as a basis for perovskite solar 
cells.

Methodology

In this work, the device simulation is performed 
based on planar heterojunction n-i-p structure, composed 
of FTO/SnO2/FA0.85Cs0.15Pb(I0.85Br0.15)3/BiI3/CuI/Au 
using SCAPS-1D which proved to be a key to developing 
new inexpensive devices. The simulation was performed 
at different intensities by varying the frequency. The 
schematic representation of the used device structure is 
shown below in figure 1.

Figure 1: Schematic representation of planar 
heterojunction (n-i-p) device structure with BiI3 as an 

interface layer.

The work function of the Au electrode and FTO were 
5.1eV and 4.0eV, respectively. By keeping the velocities 
of e- and h+ as 1 * 107 cm/s at a constant temperature of 
300K. The voltage range kept for C-V simulation is from 
0 to 1.2V.
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Table 1: Simulation parameters of FA0.85Cs0.15Pb(I0.85Br0.15)3 based PSC using SCAPS-1D(9).

Parameters FTO ETL (SnO2) FA0.85Cs0.15Pb(I0.85Br0.15)3 BiI3 (IL) HTL (CuI)
(10) Ref.

Thickness (nm) 500 70 [1] 500 30 100 (11)

Band gap (eV) 3.50 3.50 1.59 1.72 2.98 (12)

E Affinity (eV) 4.00 4.00 4.09 4.10 2.10 (13, 14)

Permittivity 9.00 9.00 6.600 5.78 6.50 (15)

Effective density of states 
at CB (cm-3) 2.2 * 1018 2.2 * 1017 2.0 * 1019 2.5 * 1019 2.8 * 1019

Effective density of states 
at VB (cm-3) 2.2 * 1018 2.2 * 1017 2.0 * 1018 2.5 * 1019 1.0 * 1019

Mobility of e- (cm2 V-1 s-1) 20 20 8.16 600 1.69 * 10-4 (13, 16)

Mobility of h+- (cm2 V-1 
s-1) 10 10 2 200 1.69 * 10-4

Density of n-type doping 
(cm-3) 1.0 *1015 1.0 * 1017 1.3 * 1016 1.0 * 1016 0

Density of p-type doping 
(cm-3) 0 0 1.3 * 1016 1.0 * 1016 1 * 1018

Density of defects (cm-3) Donor- 1.0 
*1018

Donor- 1.0 * 
1015 Neutral- 4 * 1013 Neutral-1 * 

1015
Neutral- 1 * 

1015

Results and Discussion

Each layer in a perovskite solar cell has a unique set 
of optoelectronic characteristics. Table 1 explains the 
parameters needed for each layer. SCAPS-1D is fed with 
the defects at the interface and in the materials of each layer 
to produce the results. Figure 2 depicts the characteristics 
of the current-voltage (J-V) relationship as (a) dark J-V 
characteristics and (b) intensity-dependent (J-V).
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Figure 2: Current-Voltage characteristics of (a) light 
dependent as well as (b) dark.

With Voc= 1.27 V, Jsc= 22.38 mA/cm2, and Fill 
Factor (FF)=66.78%, the device had the highest power 
conversion efficiency (PCE) of 19.02% at 1000W/m2. All 
other parameters, except FF, decreased as the intensity 
increased, resulting in the device’s lower power conversion 
efficiency (PCEs). When the light intensity is reduced 
from 1000 W/m2 to 700 W/m2, a rise in non-radiative 
recombination in the device and a decrease in Jsc and Voc 
values may be referred to as the reduction in generated 
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carrier concentration with light intensity(17). The PCEs of 
the device increase with increases in light illuminations. 
Even at higher defect in ETLs leads to higher performnce 
at higher light intensity, this may be due to higher carrier 

concentartion. It is common to see this behavior in all 
light intensities. The intensity-dependent results of all the 
devices are shown in table 2.

Table 2: Obtained device parameters at different intensities and defect densities.

Intensity (W/m2) ND (cm-3) Efficiency (%) FF (%) Jsc (mA/cm2) Voc (V)

1000

1.0*1017 19.02 66.78 22.38 1.27

1.0*1016 18.91 66.45 22.38 1.27

1.0*1015 18.59 65.32 22.39 1.27

850

1.0*1017 18.93 66.88 19.02 1.26

1.0*1016 18.82 66.55 19.03 1.26

1.0*1015 18.52 65.51 19.03 1.26

700

1.0*1017 18.82 67.01 15.66 1.25

1.0*1016 18.72 66.69 15.66 1.25

1.0*1014 18.44 65.72 15.67 1.25

The most popular technique to be applied to C-V data 
is Mott-Schottky (MS) analysis used to calculate both 
built-in-voltage as well as doping density with the help 
of relation,

Where C denotes capacitance, A denotes device area, 

ε denotes permittivity, q denotes unit charge, NA denotes 
doping density, and Vbi denotes built-in voltage. The C-V 
simulation, along with MS plot, is shown in figure 3 (a), 
(b) and (c) where different parts of the cell decide different 
parts of C-V curve. Here, MS plots are taken at different 
intensities keeping frequency fixed at 1000Hz and the 
outcome reported in figure 3 (a), (b) and (c).
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Figure 3: (a&b) C-V and MS plot at 1000W/m2. (c&d) C-V and MS plot at 850W/m2. (e&f) C-V and MS plot at 
700W/m2.

The MS plot’s x-axis intercept typically represents 
the built-in potential(Vbi) of a perovskite solar cell, and 
the slope of 1/C2 (V) is interpreted as a concentration of 
occupied trapping centers(18-20). Nevertheless, given the 
disparity in electrode work functions, the obtained values 
are less than anticipated(21-23). The system’s capacitance 
under reverse polarization (for the metal/SnO2 interface) 
is the product of the capacitances of the junction and the 
contact(22) . As a function of the donor density (ND) and 
light intensity, The proposed perovskite solar cells’ C-V 
characteristics and Mott-Schottky plot analysis are shown 
in Figure 3. While other variables remained constant, the 
donor density (ND) concentration ranged from 1015 cm-3 
to 1017 cm–3.

Figures 3a, c, and e show that the capacitance rises 
gradually with applied voltage, sharply at higher voltages, 
and reaches its maximum when ND is 1017 cm-3. A well-
known and reliable tool to evaluate a device’s built-in 
potential (Vbi), or the difference between its doping level 
and electrode operation(24) is the Mott-Schottky (MS). 
The MS theory is primarily based on the characteristics 
of the p-n junction(25) but it is also applied to solar cell 
technology(18, 19, 26). The MS plot’s x-axis intercept 
typically represents the built-in potential(Vbi) of a PSCs, 
and the slope of 1/C2 (V) is interpreted as a concentration 
of occupied trapping centers (18-20). As a result, capacitance 
grows along with an increase in forward bias voltage and 
behaves in accordance with the Mott-Schottky relationship. 
Despite earlier reports that it was significantly lower than 
the saturation current at low voltages, the current was only 
permitted to reach the contact’s saturation current at high 
voltages(27). The lower value of the built-in potential (Vbi), 
which was determined from the Mott-Schottky plot under 

illumination, is most likely caused by the capacitance 
resulting from the photogenerated charge carriers that can 
accumulate in the low-mobility materials, even at reverse 
bias(28). As the doping concentration increases, there is 
an increase in charge accumulation at the interface and a 
corresponding increase in capacitance. As a result, there 
is a drop in voltage at the metal/SnO2 interface. Figure 
3(b,d,f) shows the calculation of the built-in potential 
(Vbi) Mott- Schottky relation at 1/C2 = 0 on the potential 
axis(29). According to research, the built-in potential (Vbi) 
rises from 0.69 V to 0.72 V as ND increases.

Conclusion

In summary, in this article FA0.85Cs0.15Pb(I0.85Br0.15) 3 
based perovskite solar cell structure is analyzed with SCAPS-
1D simulation software. The effect of light intensity on 
device performance was studied, and reported that with 
the decrease in light intensity, the PCE decreased–the 
maximum obtained efficiency is19.02%.

Defect formation is a major challenge to control during 
fabrication. The effect of defect concentration was also 
studied in SnO2 and the performance was studied using 
the C-V and MS plot. Even though the built-in potential 
is lower than the expected one, the capacitance changes 
with the defect concentrations. Thus reducing the donor 
concentration (ND) to 1.0E+15 cm-3 at the perovskite/
ETL interface can lead to a highly efficient PSC reaching 
19.02% PCE with 66.78% as a FF at 1000W/m2. With the 
decrease in donor density (ND) concerning the intensity 
from 1000W/m2 to 700W/m2, accumulation of the 
charges decreases at the interface, resulting in decreased 
capacitance and variation in built-in voltage (Vbi).
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