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ABSTRACT

Hybrid organic-inorganic perovskites have been
extensively studied as a promising research topic in
solar energy harvesting, due to their simple process,
developed optical and electrical properties, and
relatively low-cost materials. However, the perovskite
solar cells have some low optical absorption near red-
visible region. This research work presents
numerically the enhancement of optical characteristics
of Cso.17FA0e3Pb(Broa7loss)s (CSFA) perovskite solar
cell through adding films of gold nanoparticles. The
mean diameter of gold nanoparticles is selected to
offer an optical spectrum overlap between plasmonic
resonance spectrum with the low absorption spectrum
of perovskite material.
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1 INTRODUCTION

Over the last few years, hybrid organic—inorganic
perovskites have been extensively studied due to their
promising properties in optoelectronic applications.
The power conversion efficiency (PCE) of perovskite
based solar cells has been tremendously increased
from 3.8% upon its inception in 2009 to a certified
27.3% in 2018 [1, 2]. There are different commonly
used perovskite semiconductor material in solar cells
such as methylammonium-lead (I1)-iodide with the
chemical formula CHsNHsPbl; (MAPbIs), and
Cs0.17FA083Pb(Broa7logs)s (CsFA) owing to its
promising optical/electrical properties for photovoltaic
applications. However, such materials suffer from a
relative optical lower absorption in range near to red
visible range [3].

One method for achieving light trapping in thin
film solar cells is the use of metallic nanoparticles

TechConnect Briefs 2019

(NPs) [4]. Based on surface plasmon resonance shown
up when illuminated with light of suitable frequency,
it can lead to optical confinement around this
resonance wavelength [5]. Plasmonic nanostructures
such as gold nanoparticles (Au NPs) can be integrated
with solar cell through being deposited on the front
surface of the solar cell or to be embedded inside the
cell [6, 7]. However, depositing the particles on the
rear side of the absorber layer is realized to give better
photocurrent with less optical absorption problems [8,
9].

In this paper, it has been theoretically investigated
the impact of adding gold nanoparticles layer on the
optical parameters of perovskite solar cells. The
perovskite solar cells may have some lower optical
absorption in the visible spectrum around the red
region. Therefore, our contribution is to characterize
the optical properties of perovskite solar cell through
adding metallic nanoparticles whose plasmonic
resonance wavelength is close to the spectrum range
of lower absorption of the perovskite material.

2 SIMULATION PROCEDURE

Our targeted device in this work is the regular
structure of n-i-p semi-transparent perovskite solar cell
(area = 0.1 - 1 cm?) with an architecture of glass/ ITO-
front/ETL/Perovskite/HTL/ITO-rear, where SnO; is
used as the electron transport layer (ETL) and spiro-
OMEeTAD is used as the hole transport layer (HTL). A
schematic model of the semi-transparent perovskite
solar cell used in our optical simulations can be seen
in Fig. 1.

To investigate the effect of Au NPs on the
performance of the perovskite solar cell, they are
applied at the rear side of the perovskite solar cell with
diameter of value 40 nm and beyond to get plasmonic
resonance wavelength above 550 nm which can
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compensate the external quantum efficiency losses in
the perovskite layer in this range of spectrum. Then,
the Transfer-Matrix-Based Optical Simulation Method
(TMM) was used to model the optical properties of
thin-film layer stacks such as absorbance (A), along
with external quantum efficiency (EQE).
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Figure 1. Schematic model of the semi-transparent n-
i-p CSFA perovskite solar cells applied in optical
simulations. The variable material layer is Au NPs,
which is included in our simulations.

In order to investigate the effect of Au NPs on the
performance of the perovskite solar cell, optical loss
analysis was considered by varying the thickness of
both Au films at the rear side of the perovskite solar
cell in the used TMM simulations. According to the
limitations of the used coding we have assumed that
Au NPs are deposited as one layer over the perovskite
with negligible grain boundaries problems that can be
found in the real design.

3 RESULTS AND DISCUSSION

The real and imaginary parts of permittivity of
Au NPs, with radius of 50 nm, are shown in Fig. 2. As
noticed, the real part of permittivity is negative for a
wide range of wavelengths, which is responsible for
the appearance of resonance wavelength. The
imaginary part is responsible for the absorption loss.
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Figure 2. Real and imaginary parts of permittivity for
Au NPs.

Figure 3 shows the simulated cross sections of
Au NPs of radius 50 nm with assuming that
surrounding medium is a glass with refractive index of
value 1.5. The resonance wavelength is size - and
shape-dependent. So, whenever the nanoparticle mean
size increases, red shift occurs for Au cross- sections
is expected. Here, we are assuming spherical shape of
nanoparticles.
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Figure 3. Cross - sections of Au NPs

Figure 4 shows the optical absorption of
perovskite cell with added layer of Au NPs at different
diameters, which is equivalent to variable layer
thickness. It can be noticed that the absorption has
been improved due to optical coupling within
plasmonic resonance of the added gold. The resonance
wavelength is varying from approximately ~ 550 nm
to ~ 600 nm when the particle diameter is changing
from 40 nm to 300 nm, respectively, for surrounding
medium of refractive index of 1.5. Then, Fig. 5 shows
the improvement of EQE at wavelength range close to
the plasmonic resonance frequency. The EQE
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enhancement can be explained due to the impact of
reflected photoelectrons which is trapped according to
the added layer of plasmonic NPs, beside the optical
enhancement of absorption due to plasmonic
resonance of the added layer. Within higher thickness
of Au NPs layer, the EQE shows slight improvement
with a saturation behavior at relatively higher NPs size
up to 300 nm diameter.
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Figure 4. Optical absorption of CSFA perovskite cell
with added gold nanoparticles of different radii.
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Figure 5. EQE of CSFA perovskite cell with added
gold nanoparticles of different radii.

4 CONCLUSION

In this paper, the effect of adding plasmonic layer
of Au NPs to the rear side of the perovskites solar cell
is analytically studied. The resonance wavelength of
the plasmonic NPs is adjusted to enhance the optical
absorption of the solar cell in the visible range
especially around the red wavelength. Then, the
absorption has been improved and the overall EQE
enhancement is achieved.
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