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Abstract: This article introduces the development history and current research status of perovskite solar cells, and focuses on 
the performance optimization of perovskite solar cells, including the selection of materials, improvement of photovoltaic 
conversion efficiency, and enhancement of stability. 
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1. Introduction 
With the increasing global energy demand and the 

escalating environmental issues, finding new renewable 
energy sources has become a hot topic in scientific research 
today. Solar cells, as a potential clean energy source, have a 
very broad application prospect. However, the current 
commercial silicon-based solar cells have problems such as 
energy loss and high manufacturing costs, which restrict their 
development in large-scale applications. Therefore, finding 
new, efficient and low-cost solar cell materials has become 
the focus of research. The stability of perovskite solar cells is 
influenced by many factors, such as moisture, temperature, 
light and core materials, all of which can to some extent 
damage the structure of perovskite solar cells and thus affect 
their performance and lead to instability. In addition, the 
encapsulation process can also be improved to enhance 
stability throughout the entire cell preparation process.[1] 

Perovskite solar cells are gaining attention for their 
excellent photovoltaic conversion efficiency and low 
manufacturing costs.[2] It was not until 2009 that Snaith and 
team discovered a new type of organic-perovskite material 
that allowed perovskite solar cells to achieve an efficiency 
above 10%.[3] Materials optimization has led to continued 
efficiency improvements over the years, with perovskite solar 
cells now surpassing traditional silicon-based solar cells.[4] 

The performance optimization of perovskite solar cells 
involves multiple aspects, such as material selection, 
improvement of photovoltaic conversion efficiency, and 
enhancement of stability. This article will focus on the 
research status and significance of performance optimization 
of perovskite solar cells, aiming to provide reference for the 
development of perovskite solar cells. 

2. Literature Review 
With the constant progress of science and technology, 

people's demand for resources is increasing. Solar energy, 
with its environmental friendliness and lack of pollution, is 
one of the most researched and developable energy sources.[5] 
Traditional silicon-based solar cells have been limited in 
large-scale applications due to problems such as high 
manufacturing costs and energy loss, making it a priority to 
find new, efficient and low-cost solar cell materials. 

Perovskite solar cells have become a popular choice among 

researchers due to their low manufacturing costs and high 
photovoltaic conversion efficiency.[4] Though first 
introduced in 1991[6], it wasn't until 2009 that Snaith and his 
team discovered a new type of organic-perovskite material 
which led to perovskite solar cells achieving efficiency above 
10%.[3] Since then, continuous material optimization has 
driven a year-on-year increase in perovskite solar cell 
efficiency, eventually surpassing traditional silicon-based 
solar cells.[4] 

Perovskite photosensitive materials are the key factors 
determining the performance of perovskite solar cells. 
Initially, TiO2 films were used as photosensitive materials in 
perovskite solar cells, but their efficiency was low. With 
further research, it was found that using organic-inorganic 
perovskite materials can significantly improve the efficiency 
of perovskite solar cells.[7] In organic-inorganic perovskite 
materials, introducing organic molecules can change the 
electronic and energy band structure of the material, thereby 
improving the photovoltaic conversion efficiency.[3] 

The photovoltaic conversion efficiency is one of the 
important indicators for evaluating solar cell performance. 
Currently, the photovoltaic conversion efficiency of 
perovskite solar cells has exceeded 20%,[6] and has even 
reached 25.5%,[7] which is close to the theoretical limit. In 
improving photovoltaic conversion efficiency, researchers 
have used various methods, such as optimizing the 
photosensitive material structure, improving charge transfer, 
and adjusting film thickness.[8] In addition, researchers have 
further improved photovoltaic conversion efficiency through 
diversification doping, quantum dots, and other means.[9] In 
recent years, researchers have achieved some stability 
improvements by optimizing material structure, interface 
engineering, and device structure.[10,11] 

In addition to material selection and performance 
optimization, the manufacturing process of perovskite solar 
cells is also continuously being improved. Although the 
traditional solution spinning process is simple, the film 
quality is poor. Therefore, researchers have used various new 
processes for higher film quality.[12] 

In the future, with the continuous optimization of materials 
and the improvement of performance, perovskite solar cells 
are expected to become solar cells that can be commercially 
applied on a large scale. At the same time, researchers still 
need to further improve the stability and manufacturing 
process of perovskite solar cells to meet the needs of practical 
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applications. 

3. The Basic Principles and Structure 
of Perovskite Solar Cells. 

When light is absorbed, the perovskite absorbs light energy 
and excites electrons, creating charged pairs. These pairs are 
then separated by the electrodes, leading to a flow of current 
and the conversion of light energy into electricity. This is in 
contrast to traditional silicon-based solar cells, which use 
different materials and a different method for generating 
power.[3,4,13] 

Its basic structure of includes an absorber, electron 
transport, hole transport layer, and electrode. Perovskite solar 
cells are a new type of solar cell material, and their basic 
principles and structures are different from traditional silicon-
based solar cells. Through in-depth research on their structure 
and properties, useful reference can be provided for their 
performance optimization and future research directions. 

4. Performance Optimization Research 
of Perovskite Solar Cells. 

As per the development of perovskite solar cells, their 
performance has continuously improved. However, there are 
still some challenges in terms of efficiency, stability, and 
sustainability, which need to be solved through research and 
optimization. In perovskite solar cell performance 
optimization research, there are many factors that affect their 
performance, such as absorber materials, charge transfer and 
extraction, electrode materials, and interface properties. 
Among them, absorber materials are one of the key factors 
that affect the performance of perovskite solar cells. Currently, 
common perovskite absorber materials include methyl lead 
halides, lead chloride perovskites, lead bismuth halides, and 
lead hydroxide perovskites. Studies have shown that the 
crystal structure, bandgap, grain boundaries, and defects of 
these materials all have important impacts on the performance 
of perovskite solar cells [14,15]. Energy level alignment, 
interface contacts, and charge recombination between these 
layers can all influence the performance of perovskite solar 
cells [13,16]. Furthermore, the stability and sustainability of 
perovskite solar cells are also a hot topic of research. 
Perovskite solar cells are prone to degradation and decay 
under the influence of environmental factors such as light, 
moisture, and temperature. Therefore, studying how to 
improve the stability and sustainability of perovskite solar 
cells has become one of the current research priorities [17,18]. 

5. The Future Development Direction 
of Perovskite Solar Cells 

The future development direction are high efficiency, low 
cost, and easy preparation. Currently, the photoelectric 
conversion efficiency has reached 23.7%[19]. Therefore, 
future research needs to explore better light-absorbing 
materials, optimize charge transfer and extraction methods, 
and further improve the efficiency. 

Secondly, the stability and sustainability of perovskite solar 
cells still have certain problems, and they are prone to 
degradation and attenuation under humid, light, and high-
temperature environments. Therefore, future research needs 
to explore better stable and sustainable perovskite materials, 
optimize the packaging and protection, and improve their 
stability and sustainability in practical applications. 

In addition, most of the preparation methods are based on 
traditional solution methods, but this method has problems 
such as high cost and environmental pollution in large-scale 
production. Therefore, future research needs to explore better 
preparation methods to reduce production costs, improve 
preparation efficiency and environmental friendliness. 

Finally, the promotion and popularization of perovskite 
solar cells in practical applications are also one of the key 
research areas in the future. Therefore, future research needs 
to explore better commercialization methods, reduce 
manufacturing costs, and improve production efficiency to 
promote the industrialization and commercialization of 
perovskite solar cells. 

In summary, perovskite solar cells are a rapidly developing 
new type of solar cell in the field of solar energy, with broad 
application prospects and research value. Future research 
should focus on improving photoelectric conversion 
efficiency, stability and sustainability, exploring new 
preparation methods and commercialization pathways, 
optimizing performance in different application scenarios, 
and designing and preparing perovskite solar cells with 
specific properties and features according to different 
application scenarios. 

In addition, future research should also consider the 
performance optimization of perovskite solar cells in different 
application scenarios. For example, in the field of building 
integration, perovskite solar cells need to have high 
transparency and flexibility to adapt to different shapes and 
requirements of buildings[20]. In the field of wearable 
electronic devices, perovskite solar cells need to have high 
flexibility and bendability to adapt to different wearing 
methods and usage scenarios[21]. Therefore, future research 
needs to design and prepare perovskite solar cells with 
specific properties and features according to different 
application scenarios. 

In conclusion, perovskite solar cells have broad application 
prospects and research value, and future research should 
focus on improving photoelectric conversion efficiency, 
stability and sustainability, exploring new preparation 
methods and commercialization pathways, optimizing 
performance in different application scenarios, and designing 
and preparing perovskite solar cells with specific properties 
and features according to different application scenarios. 

6. Conclusion 
This article mainly introduces the research status, 

performance optimization, and future of perovskite solar cells. 
Firstly, the photoelectric conversion efficiency of perovskite 
solar cells has reached 23.7%, which remains to be improved. 

Secondly, the performance optimization of perovskite solar 
cells mainly includes improving photoelectric conversion 
efficiency, stability and sustainability, exploring new 
preparation methods and commercialization pathways, 
optimizing performance in different application scenarios, etc. 
The performance optimization of perovskite solar cells 
requires exploring better light-absorbing materials, 
optimizing charge transfer and extraction, optimizing 
packaging and protection methods. Finally, future research 
needs to focus on improving photoelectric conversion 
efficiency, stability and sustainability, exploring new 
preparation methods and commercialization pathways, 
optimizing performance in different application scenarios, etc. 
to promote the industrialization and commercialization. 

In addition, future research also needs to pay attention to 
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the commercialization and industrialization of perovskite 
solar cells. Although the performance of perovskite solar cells 
is relatively mature, there are still challenges in their 
commercialization and industrialization. Currently, the 
manufacturing cost of perovskite solar cells is still high, and 
production efficiency needs to be further improved to reduce 
their cost and improve their commercialization and 
industrialization feasibility. 

The commercialization and industrialization of perovskite 
solar cells also need to face challenges from policies and laws. 
Some countries and regions have already issued relevant 
policies and regulations to promote the development and 
application of solar cells, but there is still a certain degree of 
uncertainty and difficulty in the formulation and 
implementation of these policies and regulations. Therefore, 
future research needs to conduct in-depth exploration and 
research in terms of policies and laws to provide better 
support and protection for the commercialization and 
industrialization of perovskite solar cells. 

In conclusion, future research needs to conduct in-depth 
exploration and research in multiple aspects to promote the 
development and application of perovskite solar cells. These 
aspects include improving photoelectric conversion 
efficiency, stability and sustainability, exploring new 
preparation methods and commercialization pathways, 
optimizing performance in different application scenarios, 
reducing manufacturing costs and improving production 
efficiency, and providing support and protection in terms of 
policies and laws. Through these research efforts, perovskite 
solar cells are expected to play a more important role in the 
future energy field, providing cleaner, more environmentally 
friendly, and sustainable energy for humanity. 
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