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Numerical simulation of perovskite solar cell with porous silicon layer
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ABSTRACT

As one of the most promising photovoltaic technologies, perovskite solar cells have attracted atten-
tion with several properties and high efficiency. In this paper, a p-i-n perovskite solar cell with the
structure of (PSi/CuO/CH3NH3Pbl3/ZnO) was investigated using solar cell capacitance simulator
which has achieved a power conversion efficiency of 1 ~ 8.69%. In order to investigate its perfor-
mance, porous silicon (PSi) was suggested to know its impact on this structure. The results reveal
significantly the effect of porous silicon on the performance of solar cell’s structure. We studied
the influence of thickness and band gap of absorber layer also dopant concentration of PSi layer.
The results demonstrated the highest agreement with the experiments.
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1. Introduction

The research community has been interested by metal
halide perovskites in recent years, partly because of a com-
bination of their optoelectronic properties unexpected as
sustainable materials used as absorber layers in photovol-
taic (PV) devices. Perovskites are materials described by the
formula ABX3, where A is methylammonium (MA), cesium
(Cs), or formamidinium (FA); B is Pb or Sn; and X is I, C],
or Br [1]. Some of the important characteristics of these per-
ovskites include simple preparation, high sun absorption,
and low non-radiative carrier recombination rates and sig-
nificant carrier mobility [2]. One disadvantage of perovskites
is that lead has been found in important concentrations in
all high-performance perovskite cells, posing toxicity con-
cerns throughout device production, deployment, and dis-
posal [3]. Spin coating, thermal evaporation, chemical vapor
deposition, and other manufacturing procedures for per-
ovskite thin films have all been using and choosing for the
perovskites fabrication. Kojima et al. [4] published the first
perovskite solar cell (PSC) paper. Methylammonium lead
iodide (CH,NH,Pbl,) and methylammonium lead bromide
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(CH,NH,PbBr,) were solid sensitizers used in dye-sensitized
solar cells (DSSCs) with liquid electrolyte. These sensitizers
had poor power conversion efficiencies of 3.13% and 3.81%,
respectively. Unexpectedly, the test cells created by Lee et al.
[5] that replaced porous (TiO,), an electron conductor, with
porous (ALO,), an insulator, performed better than those
created without (TiO,). They also saw a significant increase
in voltage. Lin et al. [6] has been study optoelectronic prop-
erties of CH,NH,Pbl, perovskite planar devices, where they
fabricated an optimum device with an efficiency of 16.5%
allowing improved modelling and designing. Bush et al.
[7] combined an infrared-tuned silicon heterojunction bot-
tom cell with produced cesium formamidinium lead halide
perovskite, Schutt et al. [8] increased the PCE to a record
23.6% with 1 cm? perovskite/silicon tandems. Through the
development of experimental techniques to clarify the deg-
radation mechanisms at ZnO/MAPbI, interfaces, Schutt et al.
[8] increased the PCE to a record 21.1%. They significantly
improved the stability of the perovskite/ZnO interface by
substituting MA with formamidinium (FA) and cesium (Cs),
and they discover that stability compares favorably with
SnO, based devices under high intensity UV irradiation and
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85°C thermal stressing [9]. Originally, this was achieved in
photovoltaic devices, whose efficiency rose from 21.1% in
2019 to a certified 32.2% in 2021 [10]. In accordance with
this, we study the impact of porous silicon on the MAPbI,
structure using CuO as hole transport layer and ZnO as elec-
tron transport layer using solar cell capacitance simulator
(SCAPS) to investigate its efficiency.

2. Material and methods

In this study, a solar cell capacitance simulator (SCAPS)
is used to numerically predict the electrical characteris-
tics of the perovskite structure for solar cell devices. The
Department of Electronic and Informative Systems at the
University of Gent created SCAPS, a software platform
used for solar simulation research that is acknowledged and
standardized throughout the world (ELIS) [11,12]. SCAPS
functioning is based on key equations that represent sun-
light collection, electron/hole pair creation, transport, and
extraction. Overall, SCAPS enables researchers to address a
variety of fundamental nanostructured materials and semi-
conductor physics issues [9,13]. Fig. 1 represent the conven-
tional p-i-n structure for PSCs. Between the HTM and ETM
layers, which are both metal oxides that can be processed
using an inorganic solution, is a layer of MAPbI, perovskite.
Al is employed as the cells’ back contact. As previously
stated, (CuO, p-type) is utilized for HTM. The ETM layer,
on the other hand, is made of metal oxides (ZnO, n-type),
and p-type porous silicon (p-PSi) was deposited on top of
the structure.

In this study, all materials properties, such as band gap,
electron affinity, and so on, must be manually given for each
layer in SCAPS. These values must be selected with atten-
tion and critical way in order to achieve a successful simu-
lation result. These parameters were primarily chosen from
published work in referred journals that took into account
a similar fabrication environment, under an optimal tem-
perature T = 300°K, a PS layer of porosity 91% with a bang
gap value of 1.98 eV [14]. Table 1 summarizes the character-
istics of the chosen material for each layer.

AM 1.5G
1000 W/m?

Fig. 1. Layer stack of the simulated perovskite solar cell with
MAPbDL,.

It is assumed that the sun’s light is AM 1.5G (1,000 W/m?)
in all simulations. Auger recombination and radiative band-
to-band recombination default generation model are not
taken into account. The only recombination mechanism
investigated in this study is defect-induced recombination.
It is necessary to compare the simulation work to a fabrica-
tion structure similar to Fig. 1. In order to demonstrate its
validity we compare our results with the work of Kim and
Park [19]. Final results are given in Table 2, in which a solar
planar PSC is (PSi/CuO/MAPbL/ZnO) built and charac-
terized. Bulk defect densities are chosen as the controlling
variables to achieve equivalence with the results. For each
material, to make the model simple, just one bulk defect
grade is evaluated. Bulk defect densities for MAPbI, and
PSi are evaluated by 1 x 10" cm=, 1 x 10 em™ for ZnO and
CuO are evaluated by 1 x 10** cm™.

3. Results and discussion

Figs. 2 and 3 show the J-V characteristics and QE
curves of solar cell-based PSC. Because of the perovskite’s
increased light absorption, which also shows in the QE rise
in the 300-570 nm spectral area, the current density/voltage
graph indicated higher current density, also to the higher
carrier mobility as well [20,21].

3.1. Impact of MAPUI, thickness and PSi on performance
of solar cells

To investigate the influence of the absorber’s and PSi’s
thickness. As shown in Fig. 4, the generation of additional

Table 1
Electrical characteristics of several layers

Properties MAPDbI, 1n-ZnO CuO PSi
Thickness (um) 0.4 0.15 0.149 0.125

E, (V) 2.3 3.2 217 1.98

X (eV) 3.93 3.9 3.2 4.09

€, 10 9.00 7.110 2

Nc (1/em®) 22x10" 1.21x10* 2.02x107 2.820 x 10%
Nv (1/em?®) 1.8 x10" 2x10% 1.1x10" 1.04 x 10”
NA (1/cm?3) 00 00 1x10® 1x10%%
ND (1/cm?) 00 2x10¥ 00 00

un (cm?/Vs) 1.1x10"7 2x10 2 x10% 1.5x10°
up (cm?/Vs) 1.01 1.10 8.10! 4.5x10°
References [15] [16] [17] [18]
Table 2

Comparison of the experimental work with the results of the
simulation [20]

Structure J.mA/em?) V (V) FF% n%
(PSi/CuO/CH,NH,Pbl,/ 7.8386 1.4195 78.09 8.69
ZnO)

Experimental work [20]  0.41 0242 414 821
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Fig. 2. I-V curve of perovskites solar cell.
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Fig. 4. Effect of MAPbI, and PSi thickness on efficiency.

electron-hole pairs in the perovskite, which results an
improvement in efficiency, causes power conversion effi-
ciency to grow with increasing thickness. furthermore, PSi’s
efficiency increase as the thickness of PSi layer increase
because PSi layer absorber the possible long wavelength
photons, while for thinner layers the generation takes place
near the interfaces [22,23]. The optimum thickness correlate
to Kawter et al. work is about 0.125 um.
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Fig. 5. Effect of MAPDI, and PSi band gap on efficiency.
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Fig. 6. Effect of PSi acceptor doping concentration on effi-
ciency and fill factor.

3.2. Influence of variation band gap on solar cell performance

Another critical factor that has a substantial impact on
device performance is variation in band gap. Fig. 5 rep-
resents variation of band gap range in function of efficiency,
given from 1.75 to 2.3 eV. As can be seen, efficiency of the
perovskite and PSi decrease where the bang gap increase,
while there is high absorber portion of the wavelength
from the MAPbI help the cell to be more stable [24,25]. In
addition, it can be observed from the same graph efficiency
decrease when band gap of PSi layer increase, because
of the rise of refractive index. More porosity increase,
refractive index decrease and thereby efficiency increase
as well [13,26].

3.3. Effect of doping concentration

To increase the efficiency of the solar cell, doping is
one of the most crucial production processes. the simu-
lation was done by changing it from 1.10° to 1.10" atom/
cm’. As it is shown in Fig. 6, More PSi layer acceptor dop-
ing increase, more efficiency increase. It became quite sta-
ble from 5.56 x 10 atom/cm® where saturation was taken
place. On the other hand, fill factor (FF) is inversely propor-
tional to PSi acceptor doping concentration [27]. Because
of that, it noted that a calibrated mix of solar cell materials
would be ideal for energy absorption. With the perovskite
as an active layer, it can collect the short wavelength pho-
tons while the bottom silicon layer absorbs long wavelength
photons.
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4, Conclusion

In this work, a normal p-i-n planar PSC structure hav-
ing the configuration of (PSi/CuO/CH,NH,Pbl,/ZnO) is
performed using the SCAPS-1D simulation software. These
results demonstrated that the application of PSi to the cell’s
surface offers significant promise for PV performance,
particularly when thickness and PSi doping concentra-
tion are increased. More than 17% of efficiency achieved
by this structure where it is improved by changing thick-
ness and doping concentration. Thus, our model was val-
idated with similar experimental work. Consequently, our
simulation-based study offers valuable insights on this
typical porous silicon and its impact on the perovskites as
efficient absorber layer.
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