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Abstract:

ABOs perovskite solar cells have emerged as one of the most promising technologies in the field of
photovoltaics due to their tunable optoelectronic properties, high power conversion efficiencies, and potential for
low-cost manufacturing. This review provides an in-depth analysis of the factors influencing the performance and
stability of ABOs perovskites in solar cells. The role of material composition, specifically the substitution of A-
and B-site cations, is discussed in terms of its effect on the electronic structure, bandgap, and charge carrier
dynamics. Crystallinity, grain boundaries, and defect states are highlighted as critical factors in determining
charge transport and recombination, with highly crystalline materials exhibiting superior performance due to
reduced recombination losses. Environmental stability issues, such as degradation under humidity, temperature
fluctuations, and UV exposure, are explored, along with potential strategies for improving long-term device

stability.

Introduction:

Perovskite solar cells (PSCs) have emerged
as a leading technology in the field of photovoltaics
due to their exceptional power conversion
efficiencies and relatively low-cost manufacturing
processes. The perovskite materials, particularly
those with an ABO; structure, have garnered
significant attention due to their remarkable
optoelectronic properties. These materials offer high
absorption coefficients, tunable bandgaps, and long
carrier diffusion lengths, making them ideal
candidates for solar energy harvesting applications.

Recent advancements in perovskite solar
cells have been driven by a deeper understanding of
the structural and electronic properties of ABOs
compounds. Chen et al. (2024), for instance, utilized
machine learning techniques to predict the phonon
cutoff frequency of ABOs perovskite materials, a
key parameter influencing their thermal stability and
performance in solar cells. This study highlights the
potential of computational tools in enhancing the
understanding and optimization of perovskite
materials for solar applications. Similarly, Wang et
al. (2025) explored digital manufacturing techniques
for perovskite materials, emphasizing the need for
precise and scalable fabrication processes to meet
the demands of commercial solar cell production.

The unique properties of ABOs perovskites,
such as their stability and tunable electronic
structure, have been further explored in
computational studies. Rahman et al. (2024)
investigated the multifaceted properties of novel

oxide-based perovskites using density functional
theory (DFT), revealing insights into their potential
for photovoltaic applications. Moreover, the work of
Chen et al. (2022) employed a PSO-SVR model to
predict the thermodynamic stability of ABO;
compounds, providing a screening method for
identifying stable perovskite candidates for solar
energy devices.

These recent studies underscore the
growing interest in ABOs perovskites for solar cell
applications, driven by both experimental and
computational approaches. The ongoing research is
focused on addressing the challenges of stability,
efficiency, and scalability, aiming to transition these
materials from the laboratory to large-scale,
commercial solar energy systems.

Fundamentals of Perovskite Solar Cells
Structure and Properties of ABOs Perovskites

ABO:s perovskites are a class of materials
with the general chemical formula ABOs, where "A"
is typically a larger cation (often an alkaline earth or
rare-earth element), "B" is a smaller transition metal
cation, and "O" represents oxygen. The structure is
characterized by a cubic or distorted cubic lattice in
which the A cations are located at the corners of the
unit cell, B cations are situated in the center, and
oxygen anions are positioned at the face centers,
forming an octahedral coordination around the B-
site cations. The specific arrangement of atoms in
the ABO; perovskites plays a significant role in
determining their electronic, optical, and magnetic
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properties, which are essential for their applications
in solar cells.

In their study, Rahman et al. (2024) utilized
density functional theory (DFT) to explore the
properties of novel oxide-based perovskites with
ABO:s structures, showing how subtle changes in the
A and B site cations can drastically affect the
material’s electronic and optical behaviors. Such
properties are critical for enhancing light absorption
and charge transport in solar cells.

Key Elements in ABOs Compounds (A-site and
B-site Cations, O Anion)

The A-site cation typically controls the
structural stability of the perovskite, while the B-site
cation influences the electronic and optical
properties, such as the bandgap. For instance, the
inclusion of different B-site cations (such as Fe, Mn,
or Ti) can lead to variations in the absorption
characteristics, making them suitable for different
photovoltaic applications. According to Khan and
Ahmad (2024), rare-earth ABOs perovskites offer
tunable bandgaps, which are crucial for optimizing
solar  energy absorption across  different
wavelengths.

Crystal Structure, Optoelectronic Properties,
and Their Impact on Solar Cell Performance

The crystal structure of ABOs perovskites
directly impacts their optoelectronic properties. The
octahedral coordination around the B-site cation
contributes to the band structure and, subsequently,
the material's optical bandgap, which determines
how effectively the perovskite can absorb sunlight.
For efficient solar cell performance, it is essential
that the material has a direct bandgap and high
carrier mobility, which enables the efficient
conversion of sunlight into electricity.

Manjunath et al. (2022) demonstrated in
their study on Kusachiite-based solar cells with
ABOs buffer layers that the alignment of energy
levels between the perovskite absorber and the
buffer layer plays a critical role in achieving high
power conversion efficiencies. Their theoretical
analysis showcased a 22% efficiency in these solar
cells, emphasizing the importance of optimizing the
crystal structure for better charge transport and
minimal recombination losses.

Comparisons with Traditional Silicon Solar Cells

ABOs perovskite solar cells offer several
advantages over traditional silicon-based solar cells.
One of the most significant differences is the
tunable bandgap of perovskites, which allows for
more efficient absorption of the solar spectrum
compared to silicon, which has a fixed bandgap of
approximately 1.1 eV. Furthermore, perovskite solar
cells can be fabricated using low-temperature
solution processes, which are less energy-intensive
than the high-temperature methods required for
silicon solar cells.
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In comparison, Znidi et al. (2024) discussed
how metal-halide perovskites exhibit superior
optoelectronic properties such as longer carrier
lifetimes and diffusion lengths than conventional
silicon solar cells, offering potential for higher
efficiencies. Moreover, perovskite materials are
more flexible in terms of integration with other
technologies, such as tandem solar cells, where they
can be layered with silicon or other absorbers to
maximize energy conversion efficiency.

In conclusion, ABOs perovskites offer a
promising alternative to traditional silicon solar cells
due to their versatile optoelectronic properties, cost-
effective fabrication methods, and high efficiencies
achieved through careful manipulation of their
structural and compositional features.

Photovoltaic Mechanism in ABOs Perovskite
Solar Cells
Absorption of Sunlight and Charge Generation

ABO; perovskite solar cells are highly
efficient in absorbing sunlight due to their tunable
bandgap and high absorption coefficients. When
sunlight strikes the perovskite material, photons
with energy equal to or greater than the bandgap are
absorbed, creating electron-hole pairs. These pairs,
known as excitons, are crucial for generating charge
carriers that can be harvested as electrical current.
Rahman et al. (2024) highlighted the strong light-
absorption capabilities of oxide-based ABOs
perovskites, particularly when modified with
specific cations, as shown in their DFT study, which
provided insights into the optical properties
necessary for efficient photon absorption in
photovoltaic applications.

Charge Separation and Transport within
Perovskite Layers

Once the electron-hole pairs are generated,
they must be separated and transported to their
respective electrodes to create a flow of electricity.
In ABO:s perovskite solar cells, the A-site and B-site
cations play a significant role in influencing the
charge transport properties. Studies by Khan and
Ahmad (2024) demonstrated how rare-earth
multiferroic ABOs perovskites exhibit enhanced
charge separation due to their intrinsic ferroelectric
properties, which help to separate the electron and
hole pairs more effectively. The transport of these
charges through the perovskite layers is influenced
by the crystal structure and electronic properties of
the material. A well-structured lattice with minimal
defects allows for faster charge mobility, reducing
recombination losses.

Recombination Mechanisms and How They
Affect Efficiency

Recombination of electron-hole pairs is one
of the major factors limiting the efficiency of
perovskite solar cells. Recombination can occur in
various ways: through defects in the perovskite
material, at interfaces between layers, or due to
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impurities. Zhou et al. (2015) investigated optical
band-gap narrowing in ABOs perovskites and
observed that narrowing can enhance charge carrier
generation, but also increase the chances of
recombination if defects are present in the crystal
structure. Minimizing defects and optimizing the
interfaces between layers are crucial steps in
reducing recombination and enhancing efficiency.
The use of buffer layers, such as those described by
Raj et al. (2023) in La-modified BiFeOs-based
devices, can help improve charge transport and
reduce recombination at the interfaces.

Role of Each Layer in the Perovskite Solar Cell
(Absorber, Electron/Hole Transport Layers,
Electrodes)

Each layer in a perovskite solar cell has a
specific function that contributes to its overall
efficiency. The perovskite layer acts as the light
absorber, where photon absorption and charge
generation occur. Mahmood et al. (2024) studied
antiperovskites for solar energy harvesting and
demonstrated the importance of the absorber layer's
optical and electronic properties in maximizing light
absorption and charge generation.

The electron transport layer (ETL) and hole
transport layer (HTL) are responsible for directing
the electrons and holes, respectively, towards their
respective electrodes. Efficient transport layers are
crucial for ensuring that the generated charges are
quickly and efficiently collected before they can
recombine. Behara and Thomas (2020) explored the
stability and amphotericity in ABOs perovskites,
showing how the right choice of materials for
transport layers can enhance the stability and
performance of perovskite solar cells.

Finally, the electrodes, typically made of
transparent conductive materials such as indium tin
oxide (ITO), collect the charges and complete the
external circuit. The proper alignment of the energy
levels between the absorber, ETL, HTL, and
electrodes is essential for minimizing energy losses
and ensuring efficient charge extraction.

In conclusion, the photovoltaic mechanism
of ABOs perovskite solar cells relies on the delicate
balance of charge generation, separation, transport,
and collection. By optimizing the properties of each
layer and reducing recombination, the efficiency of
these solar cells can be significantly enhanced.
Factors Affecting Efficiency
Role of Material Composition (A and B Cation
Substitution)

The composition of ABOs; perovskites,
particularly the substitution of A- and B-site cations,
plays a critical role in determining the material's
optoelectronic properties, which in turn impact the
efficiency of solar cells. Substituting different
cations at the A and B sites can tailor the bandgap,
charge carrier mobility, and structural stability of
the material. For example, Rahman et al. (2024)

ISSN - 2347-7075

explored how varying A-site cations such as Nd and
B-site cations like Y in novel oxide-based ABOs
perovskites can enhance their photovoltaic
properties by improving their bandgap and charge
transport characteristics. Similarly, Raj et al. (2023)
demonstrated that La substitution in BiFeOs
perovskite solar cells resulted in higher conversion
efficiency due to better charge separation and
reduced recombination losses. The versatility of
cation substitution allows for the fine-tuning of
perovskite materials for optimal solar cell
performance.

Impact of Crystallinity, Grain Boundaries, and
Defect States

The crystallinity of the perovskite material
significantly affects charge transport within the solar
cell. A highly crystalline material with large grains
provides fewer grain boundaries, reducing the
likelihood of charge recombination and enhancing
the overall efficiency. Mahmood et al. (2024)
studied the phase stability and crystallinity of
antiperovskites, emphasizing that materials with
well-ordered crystal structures exhibited better
performance in solar energy harvesting due to
improved carrier mobility.

Defects and grain boundaries can act as
recombination centers, where electron-hole pairs
recombine before contributing to the current,
reducing the cell's efficiency. Behara and Thomas
(2020) investigated defect states in rhombohedral
ABO:; perovskites and found that the presence of
defects, such as oxygen vacancies, can lead to
increased recombination, thereby lowering the
overall efficiency of the solar cell. Reducing defects
and improving the crystallinity of the perovskite
layers are essential strategies to enhance solar cell
performance.

Stability Issues Under Different Environmental
Conditions  (Humidity, Temperature, UV
Exposure)

Stability is a major challenge for ABO:
perovskite solar cells, particularly when exposed to
environmental conditions such as humidity,
temperature fluctuations, and UV exposure. These
factors can lead to material degradation, negatively
affecting the long-term performance of the solar
cells. Zhou et al. (2015) explored the effects of ion
substitution on the stability of perovskite materials,
noting that modifying the A-site and B-site cations
can help improve resistance to environmental
factors.

Khan and Ahmad (2024) reviewed the
stability of rare-earth ABOs perovskites under
various environmental stresses, highlighting that
while  some  perovskites show  enhanced
performance, they may suffer from degradation
when exposed to moisture and heat. This instability
is a significant obstacle to the commercial viability
of perovskite solar cells. Solutions such as
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encapsulation, material substitution, and the use of
protective coatings are being actively explored to
enhance the environmental stability of perovskites.

Seo et al. (2023) also emphasized the
importance of addressing lifetime and stability
concerns  for  large-scale  production and
commercialization of perovskite solar cells. By
improving material composition and structural
stability, as well as developing better protective
measures, the long-term durability of perovskite
solar cells can be greatly enhanced, ensuring more
reliable performance under real-world conditions.

In conclusion, the efficiency of ABO;
perovskite solar cells is influenced by material
composition, crystallinity, defect states, and
environmental stability. Through careful material
engineering, including cation substitution and grain
boundary optimization, as well as addressing
stability concerns, the performance and durability of
perovskite solar cells can be significantly improved.
Conclusion:

ABO:s perovskite solar cells have emerged
as promising candidates for next-generation
photovoltaic technologies, thanks to their tunable
bandgap, high absorption coefficients, and low-cost
fabrication methods. Through a comprehensive
review of their material properties, it is evident that
the efficiency and stability of these solar cells are
strongly influenced by factors such as material
composition, crystallinity, and environmental
conditions.

Substituting A- and B-site cations plays a
critical role in fine-tuning the optoelectronic
properties of the perovskite, enabling enhanced light
absorption, efficient charge transport, and improved
energy conversion efficiency. Furthermore, the
crystallinity of the material and the management of
grain boundaries are essential for reducing
recombination losses and maximizing charge
mobility.

However, the long-term stability of ABOs
perovskite solar cells remains a challenge,
particularly under conditions of humidity, high
temperatures, and UV exposure. Effective strategies,
such as the incorporation of stable buffer layers and
protective coatings, are necessary to enhance the
durability of these materials for real-world
applications.

In conclusion, while ABOs perovskites
show immense potential in the field of
photovoltaics, further research and innovation are
needed to address the stability challenges and to
optimize their material properties for large-scale
commercial deployment. By overcoming these
obstacles, ABOs perovskite solar cells can play a
significant role in advancing the future of renewable
energy.
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