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Abstract

Solar energy is the most plentiful source of renewable energy on the
globe; nevertheless, the potential of solar cells now available on the
market has not been fully tapped in an effective manner. Either raising the
efficiency of a solar cell or lowering its price would help make solar
energy more affordable. This may be accomplished in a number of ways.
The purpose of this thesis is to provide numerous strategies for increasing
the efficiency of solar systems by meticulous design. These strategies
make use of software that is already on the market, namely SETFOS and
SCAPS-1D. These methods make an effort to enhance several aspects of
solar cells, including their current, voltage, capacity to absorb light,
surface recombination, friendliness to the environment, and stability. Last
but not least, the perovskite materials' design, which is mechanically
layered, solves the problem of the absence of absorption losses, resulting
in higher efficiency. In the beginning, the primary emphasis will be placed
on finding ways to mitigate the problems that are inherent to thin film
devices, such as poor absorption and high surface recombination.
Keywords: - Perovskite, Silicon Tandem, Solar cell, Perovskite structure,
Improving efficiency.

l. Introduction:

Solar energy is the collection of the sun's radiated light and heat utilizing a variety of
different technologies that are always being improved upon. The process of generating
electricity from the sun's rays via the use of photovoltaic cells is known as solar power (PV).
Developing cells with many junctions is one method that may be used to effectively achieve
high efficiency[1]. Perovskite solar cells that combine organic and inorganic materials have
undergone a period of fast growth in recent years. Perovskite materials are good candidates
for the development of tandem solar cells because of their superior optoelectronic
characteristics and customizable bandgaps[2]. These solar cells would be combined with
silicon solar cells, Cu(In,Ga)Se2 solar cells, and organic solar cells. In this article, we will
discuss the latest developments that have taken place in the field of perovskite-based tandem
solar  cells. These cells include  perovskite/silicon,  perovskite/perovskite,
perovskite/Cu(In,Ga)Se2, and perovskite/organic cells. The article concludes with a
discussion of the prospects and difficulties associated with perovskite-based tandem solar
cells. the energy demands while simultaneously lowering pollution caused by carbon dioxide,
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increasing employment opportunities, and lowering market instability caused by the
geopolitics of fossil resources [3].

Over the course of the last ten years, there has been an upward trend in the level of worry
over the effects of excessive levels of greenhouse gases in the atmosphere[4]. When fossil
fuels like gasoline, coal, oil, or methane are burnt to provide energy or power vehicles,
carbon dioxide is created. This is one of the primary greenhouse gases, along with methane.
Wind power, geothermal power, fuel cells, solar power, and carbon sequestration are a few of
the alternative energy sources that may be used in conjunction with one another to cut down
on carbon dioxide emissions[5]. There have been many different discoveries made about the
use of solar electricity. One method is the use of solar panels, in which light is focused onto a
surface to excite electrons, which then results in the production of energy. Another method is
known as thermal power, and it involves focusing the light from the sun on a single point in
order to heat water, which is then put to use in a steam turbine.

1. Literature review:

The primary purpose of this review study is to summaries [6] all of the most recent published
methods for transparent photovoltaics with at least 20% average transmission from 2007
forward. This entails not just displaying the materials and procedures used in each
technology, but also explaining the benefits and drawbacks of each in terms of performance,
aesthetics, and cost. As a result, this research serves as a vital update on what's new in the
study of TSCs.

Crystal structure and photovoltaic performance [7] of CH3NH3PbI3 perovskite solar cells
with a basic planar construction were studied at different temperatures. The crystal structure
of CH3NH3PbI3 was observed to shift visibly when the temperature was changed, as a result
of an increase in lattice parameters and an enlargement of the unit cell. Differences in
coefficients of thermal expansion (CTEs) and lattice mismatch between TiO2 and perovskite
materials may generate interfacial defects accountable for the decrease in the photovoltaic
performance, which was significantly impacted by the crystal expansion. Interestingly, the
CH3NH3PbI3 structure's less-distorted angles against temperature variation lead to a
hysteresis that is much less in the cubic phase. To sum up, it was shown that the volume of
the unit cell of perovskite rises linearly with temperature, and that the divergence in the CTE
between CH NH Pbl and TiO has an effect on the interfacial connection after heating. From 0
to +55 °C, a large discrepancy may be seen in the J-V measurement between the reverse and
forward scan, indicating hysteresis. This, according to the authors, is because the internal
rearrangement processes in the perovskite layer are directly influenced by the less distorted
Pb-I-Pb angle in the cubic phase (temperature >+550 C). To this end, it may be prudent to
pursue the enhancement of interlayer connectivity with selective contact and the better
understanding of hysteresis in planar structure perovskite based solar cells as a means to the
creation of robust and high-performance perovskite solar cells.

Perovskite solar cells' (PSTSCs) power conversion efficiency (PCE) [8] is discussed in detail
in this article. There has been a remarkable rise in the PCE of PSCs, from 3.8% to 23.7%, but
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on the other hand, inadequate stability is one of the primary aspects that causes a big obstacle
in the commercialization of PSCs. In this article, we describe the main causes of and
processes for PSC deterioration and offer a brief summary of current attempts to improve
PSC stability. In conclusion, studies on the problem of instability have drawn huge interest,
coupled with the remarkable increase in the efficiency of perovskite solar cells. Among the
many hurdles that must be cleared in the lab before perovskite solar cells may enter mass
production is the problem of device instability. Although perovskite's stability has increased
from a few minutes to thousands of hours, this is still not adequate for commercial use; the
author should increase the lifespan of perovskite solar cells to more than 10 years. Different
processes of perovskite solar cell deterioration have been hypothesised, providing both a
foundational knowledge and some insight for improving stability.

Among the many materials and methods [9] used to manufacture cheap, efficient
photovoltaic cells, inorganic-organic lead halide perovskite materialsl-17 stand out as
candidates for next-generation solar devices due to their high power conversion efficiency.
Methylammonium lead halide materials have been shown to achieve the highest recorded
efficiency for perovskite solar cells (1-10). We propose a bilayer solar cell designl3 that
combines the promising (due to its narrow bandgap) but highly unstable formamidinium lead
iodide (FAPDI3) with methylammonium lead bromide (MAPbBr3) as the light-harvesting
unit. The author looked at how the phase stability, perovskite layer shape, hysteresis in
current-voltage characteristics, and overall performance varied with the chemical
composition. Incorporating MAPbBr3 into FAPDbI3 stabilises the perovskite phase of
FAPDI3, leading to a power conversion efficiency of the solar cell of about 18% under
standard illumination of 100 mW/cm2. These results highlight the adaptability and
performance potential of inorganic-organic lead halide perovskite materials for solar
applications.

It has taken just around 4 years for perovskite/silicon tandem solar cells [10] to achieve
certified efficiency of 28% (on 1 cm2 by Oxford PV), mostly due to the improved design in
the perovskite top cell and crystalline silicon (c-Si) bottom cell. In this overview, we will
examine how the structural development of monolithic perovskite/silicon tandem solar cells
may be used to optimise the bottom cell's design for maximum efficiency. The structural
characteristics of c-Si solar cells are first discussed, and then the cells are categorised into
silicon homojunction and silicon heterojunction (SHJ) de- vices according to their
temperature tolerance. The development of c-Si homojunction and heterojunction bottom
devices-based monolithic perovskite/silicon tandem cells is then summarised. Monolithic
perovskite/silicon tandem cells, which primarily consist of passivated emitter and rear cell
devices, the tunnel oxide passivated contact cell, and SHJ devices, are offered as a suitable
contender of the c-Si bottom cell. For the sake of brevity, we'll just say that our evaluation
will focus on the various passivation structures for the c-Si bottom cell in perovskite/silicon
tandem cells and how they affect the performance of the cells as a whole.
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I11.  Perovskite Solar Cells

Perovskite solar cells have received a great deal of attention in the short period since 2012,
and there are two crucial graphs that explain why this attention has been focused on them.
The first of these graphs (which uses data taken from the NREL solar cell efficiency chart)
illustrates the power conversion efficiencies of perovskite-based devices over the past few
years in comparison to emerging photovoltaic research technology as well as traditional thin-
film photovoltaics. This comparison is made in light of the fact that perovskite-based devices
have been gaining traction in the field of photovoltaics in recent years.

The graph depicts a meteoric increase in comparison to the majority of other technologies
during a period of time that is quite brief. Perovskite solar cells were able to match the
efficiency of Cadmium Telluride (CdTe) solar cells, which had been in use for more than 40
years, in only four years after the discovery of perovskite solar cells.

The open-circuit voltage is compared to the band gap for a variety of technologies that
compete with perovskites, and this comparison is shown in the second important graph
below. This graph illustrates the amount of energy that is wasted during the process of
converting light into electrical current.

This is getting very close to the values that can be achieved with state-of-the-art technology
(like GaAs), but at a far more affordable price. Crystalline silicon solar cells, which are
perhaps the closest comparable to perovskites in terms of efficiency and cost, are already up
to 1000 times cheaper than state-of-the-art GaAs. Perovskites are the most efficient and cost-
effective solar cells currently available.
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Figurel. Perovskite solar cells have increased in power conversion efficiency at a
phenomenalrate compared to other types of photovoltaics.

IV.  Perovskite-Silicon Tandem Solar Cells (PSTSC):

Si solar cells are now the most popular kind of photovoltaic device on the market. This is due
to a number of factors, including its high efficiency, great stability, well-developed

Vol. 71 No. 4 (2022)
http://philstat.org.ph 7723


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

fabrication technology, and relatively inexpensive production costs at the module level. The
maximum permitted conversion efficiency (PCE) for Si solar cells has now been measured at
26.7% [13]. The efficiency limit is a consequence of the loss caused by carrier
thermalization. It is possible to construct tandem solar cells by combining Si solar cells with
PSTSCs in order to cut down on the loss that is caused by thermalization. This idea proposes
that a front cell made of PVK with a bigger bandgap would be responsible for absorbing
high-energy photons, while a rear cell made of Si would be responsible for absorbing lower-
energy photons. The bandgap of PVK is estimated to be 1.70 eV at its theoretical best. PCEs
more than 30 percent may be obtained from these PVK/Si tandem cells. At this time, the
Helmholtz-Zentrum Berlin (HZB) has reported the best PVK/Si tandem solar cell, which has
a PCE of 29.1% and is ranked higher on the NREL Best Research-Cell Efficiency Chart than
a single-junction Si or PVK solar cell. [14] Perovskite/silicon tandem solar cells have attained
certified efficiency of 28% (on 1 cm2 by Oxford PV) in only around 4 years, mostly driven
by the optimised design of the perovskite top cell and the crystalline silicon (c-Si) bottom
cell. This was accomplished by Oxford PV. In this study, we will be concentrating on the
structural adjustment of the bottom cell based on the structural development of monolithic
perovskite/silicon tandem solar cells in order to increase the performance of these cells. To
begin, c-Si solar cells are categorised into silicon homojunction and silicon heterojunction
(SHJ) devices based on their ability to withstand temperature changes. The structural
characteristics that are associated with each of these types of devices are then discussed.
Following that is a synopsis of the development of monolithic perovskite/silicon tandem cells
based on c-Si homojunction and heterojunction bottom devices. A suitable candidate for the
c-Si bottom cell in monolithic perovskite/silicon tandem cells has been presented. This
candidate primarily consists of passivated emitter and rear cell devices, the tunnel junction,
and the tunnel diode.

SHJ devices and oxide passivated contact cells are included. In a nutshell, this study will
stress the significant significance that the c-Si bottom cell plays in perovskite/silicon tandem
cells, along with the various passivation structures that may be used. This information serves
as a roadmap for improving the tandem cells' overall performance. [15]

V. Impact of temperature on the efficiency of Perovskite silicon Si Tandem
solar cell (PSTSC).

The power conversion efficiency (PCE) of an optimised thick PAL is a variety of
temperatures ranging from 300 K to 400 K. Due to the decreasing PCE with rising
temperature, the experiment is complete at five distinct temperatures. This is because high
temperatures cause damage to PAL layers that are 800 nm thick or thinner. PSTSC devices
give a PCE of 12.35% at 300 K temperature, despite the well-known fact that the MAPbI3
begins to bend internally at extremely high temperatures. On the other hand, it reaches
11.18% at 400 K, depicts the temperature gradient of the optimised PSTSC devices at the
same time (b). In contrast to earlier results by Rafiq et al. and Ferouani et al.[95, 96], it is
clear that a vertical temperature gradient for the PSTSC device may be generated with a
normalised efficiency of 0.012%/K. Inasmuch as more reliable long-term stability is
anticipated with a PSTSC device that has a gentler Sagar Bhattarai found that the steeper the
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temperature gradient, the faster the PAL material would degrade in solar cell applications
using perovskite materials.
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Figure2. Efficiency (%) Vs. Temperature(K)
VI. Simulated device structure for Perovskite silicon Si Tandem solar cell

For the purpose of comparison modelling, a lead-free active layer is inserted into a
heterojunction perovskite solar cell with structures D1 (FTO/TiO2/ MAPbI3/Spiro-
OMeTAD/Au) and D2 (FTO/TiO2/MASNI3/Spiro-OMeTAD/Au). (b). The standard PSTSC
device has a 100 nm thick FTO top electrode, followed by a 1 nm thick TiO2 hole blocking
layer. This configuration efficiently gathers photo-generated electrons from PVK layers. The
PVK materials that sit between the ETL and the HTL in both devices (D1 and D2) are
precisely 400 nm and 500 nm in thickness, respectively. Spiro-OMeTAD, with a thickness of
only 10 nm, efficiently transfers the hole from the PVK to the anode through a hooping
process. The anode is thought to be Au and has a thickness of about 100 nm. The active layer
of both PSTSC device architectures (D1 and D2) is doped with a doping density of 3.251019
cm-3 (c). Additionally,the photo-generated electron in PVK is largely injected to ETL and the
hole to HTL, and then collected by their respective electrodes. This is because of the energy
mismatch in the intermediate organic layer. [99]
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Figure3. Variations in Output V-1 Characteristics of Perovskite silicon Si Tandem solar cell
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Figure4. Variations in Output V-1 Characteristics
VIIl.  Conclusion:

The maintenance and expansion of an affluent and advanced civilization both need a source
of energy that is both guaranteed and able to be maintained throughout time. Since the
consumption of energy has constantly climbed with the growth of civilization, it is expected
that the consumption of energy will continue to rise in the future in order to maintain the
present level of human progress. Therefore, solar energy and the technology behind solar
cells could be the greatest alternative solution to current energy issue. However, the use of
photovoltaic solar cells is restricted because of their poor efficiency and expensive price.
Therefore, the most significant obstacle for the researchers is to bring down the cost of solar
cells while simultaneously raising their overall efficiency. Perovskite solar cells and the
influence temperature has on them When it comes to analysing how temperature rises in
relation to the effectiveness of solar panels, using a perovskite structure for generating solar
cells offers more advantages than disadvantages. The primary emphasis is placed on
enhancing and preserving the efficiency of solar photovoltaic (PV) panels. Having a
Perovskite solar cell and keeping the temperature stable are two things that may help improve
efficiency. The findings demonstrate the improvement in performance for a PSTSC device
with multiple carrier transport layers and a MAPDI3 layer at the ideal thickness of 500 nm,
despite the layer's relatively narrow bandgap of 1.6 eV.

References:

[1] Rui Wang, Muhammad Mujahid, Yu Duan, Zhao-Kui Wang, JingjingXue, and Yang
Yang, “A Review of Perovskites Solar Cell Stability,” Advanced Functional Materials -
February 2019

[2] Nam Joong Jeon, Jun Hong Noh, Woon Seok Yang , Young Chan Kim , Seungchan
Ryu, Jangwon Seol & Sang Seok, “High-performance photovoltaic perovskite layers
fabricated through intramolecular exchange”, Science 348 (6240), 1234-1237, 12-06-
2015. VOL 348 ISSUE 6240.

[3] L.L. Yan, C. Han, B. Shi, Y. Zha, X.D. Zhang, “review on the crystalline silicon
bottom cell for monolithic perovskite/silicon tandem solar cells”, Materials Today
Nano, Elsevier 7 (2019) 100045.

Vol. 71 No. 4 (2022)
http://philstat.org.ph 7726


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865

[4] Zhimin Fang, Qiang Zeng, Chuantian Zuo, Lixiu Zhang, Hanrui Xiao, Ming Cheng,
Feng Hao, Qinye Bao, “Review Perovskite-based tandem solar cells”, Elsevier Science
Bulletin, 26-10-2020.

[5] Ahmad El Mays, Mahmoud Khaled and Mohamad Ramadan, “Improving Photovoltaic
Panel using finned plate of aluminum,” International Conference on Technologies and
Materials for Renewable Energy, Environment and Sustainability, TMREES17, 21-24
April 2017.

[6] V.JafariFesharaki, Majid Dehghani, J. JafariFesharaki, “The Effect of Temperature on
Photovoltaic Cell Efficiency ,” Proceedings of the International Conference on
Emerging Trends in Energy Conservation - ETEC Tehran, Tehran, Iran, 20-21
November 2011.

[7] Sagar M Kande, Wagh MM, Ghane SG, Shinde NNand Patil PS, “Experimental
Analysis of Effect of VVegetation under PV Solar Panel on Performance of Polycrystalline
Solar Panel,” Journalof Fundamentals of Renewable Energy and Applications 2016.

[8] Trilok Singh,Yosuke Udagawa,Masashi lkegami,Hideyuki Kunugita,Kazuhiro Ema,and
Tsutomu Miyasaka, “Tuning of perovskite solar cell performance via low-temperature
brookite scaffolds surface modifications,” APL Mater. 5, 016103 (2017); Department
of Engineering and Applied Science, Faculty of Science and Technology,Sophia
University, Chiyoda, Tokyo 102- 8554, Japan, 10 January 2017.

[9] Tanti Dewinggih, Shobih, Lia Muliani, Herman, Rahmat Hidayat, “The Temperature
Effect on the Working Characteristics of Solar Cells Based on Organometal Halide
Perovskite Crystals,” International Conference on Energy Sciences (ICES 2016)

[10] Naveen Kumar Elumalai, Md Arafat Mahmud, Dian Wang and Ashraf Uddin, “Review
Perovskite Solar Cells: Progress and Advancements,” School of Photovoltaic and
Renewable Energy Engineering, University of New South Wales, Sydney 2052,
Australia, 25 October 2016.

[11] Di Zhou ,Tiantian Zhou, Yu Tian, Xiaolong Zhu, and YafangTu, “Review Article
Perovskite-Based Solar Cells: Materials, Methods, and Future Perspectives,” Hindawi
Journal ofNanomaterials VVolume, 15 January 2018.

[12] Prof. (Dr.) R. S. Rohella, Prof. (Dr.), S. K. Panda and Prof. Parthasarthi Das,
“Perovskite Solar Cell - A Source of Renewable Green Power,” International Journal of
Scientific and Research Publications, Volume 5, Issue 7, July 2015.

[13] He Tang, Shengsheng Heand Chuangwei Peng, “A Short Progress Report on High-
Efficiency Perovskite Solar Cells,”Springer open, Tang et al. Nanoscale Research
Letters (2017).

[14] Catalin George Popovici, Sebastian ValeriuHudisteanu, Theodor DorinMateescu,
Nelu- Cristian Chereches, “Efficiency improvement of photovoltaic panels by using air
cooled heat sinks,” Sustainable Solutions for Energy and Environment, November
2015.

[15] Syed Sadique Anwer Askari*, Manoj Kumar & Mukul Kumar Das, “Performance
Analysis of Perovskite on Si Tandem Solar Cell”, Elsevier Materials Today
proceedings, 1877- 0509 2017.

[16] M. N. Hasan, M. M. Habib , M. A. Matin, N. Amin, “Modeling of High Efficient

Vol. 71 No. 4 (2022)
http://philstat.org.ph 7727


http://philstat.org.ph/

Mathematical Statistician and Engineering Applications
ISSN: 2094-0343
2326-9865
Perovskite- Si Tandem Solar Cell”, 3rd International Conference on Electrical
Information and Communication Technology (EICT), 7-9 December 2017, Khulna,
Bangladesh.
[17]J. H. Im, C. R. Lee, J. W. Lee, S. W. Park, and N. G. Park, "6.5% efficient perovskite
quantum-dot-sensitized solar cell,” NANOSCALE, vol. 3, no. 10, pp. 4088-4093, 2011.
[18] H. S. Kim et al., "Lead lodide Perovskite Sensitized All-Solid-State Submicron Thin
Film Mesoscopic Solar Cell with Efficiency Exceeding 9%," SCIENTIFIC REPORTS,
vol. 2, 2012.
[19] M. M. Lee, J. Teuscher, T. Miyasaka, T. N. Murakami, and H. J. Snaith, "Efficient
Hybrid Solar Cells Based on Meso-Super structured Organometal Halide Perovskites,"
SCIENCE, vol. 338, no. 6107, pp. 643-647, 2012.

Vol. 71 No. 4 (2022)

http://philstat.org.ph 7728


http://philstat.org.ph/

