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ABSTRACT

Semiconductor nanomaterials have emerged as key
components in the development of next-generation solar
energy conversion technologies due to their unique optical,
electrical, and structural properties. Nanostructured
semiconductors, including quantum dots, nanowires,
nanotubes, and thin-film nanomaterials, offer enhanced light
absorption, efficient charge separation, and reduced carrier
recombination, leading to improved  photovoltaic
performance. Their tunable band gaps and large surface-to-
volume ratios enable better utilization of the solar spectrum
and facilitate the design of high-efficiency solar cells. Recent
advances in material synthesis, surface engineering, and device fabrication have significantly increased the
power conversion efficiency and stability of nanostructured solar cells. Despite these achievements,
challenges such as long-term durability, large-scale manufacturing, material toxicity, and production costs
remain barriers to commercialization. This study reviews the role of semiconductor nanomaterials in solar
energy conversion, highlighting recent developments, performance enhancement strategies, and future
research directions. The continued advancement of nanostructured semiconductor technologies is
expected to play a vital role in achieving sustainable, efficient, and cost-effective solar energy systems.
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INTRODUCTION

The increasing global demand for clean and sustainable energy has accelerated research into
renewable energy technologies, with solar energy emerging as one of the most promising alternatives
to fossil fuels. Solar energy is abundant, environmentally friendly, and capable of meeting the world's
growing energy needs if converted efficiently into electricity. Photovoltaic (PV) technology has
experienced significant advancements over the past few decades; however, conventional silicon-based
solar cells face challenges such as high manufacturing costs, material limitations, and efficiency losses
due to charge carrier recombination and limited light absorption. These challenges have stimulated the
exploration of advanced materials capable of enhancing solar energy conversion efficiency.
Semiconductor nanomaterials have gained considerable attention because of their unique physical,
chemical, and electronic properties that differ significantly from those of their bulk counterparts. When
semiconductor materials are engineered at the nanoscale, they exhibit quantum confinement effects,
increased surface area, tunable band-gap energies, enhanced optical absorption, and improved charge
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transport characteristics. These features make nanostructured semiconductors highly attractive for
next-generation photovoltaic devices.

Nanostructured semiconductor materials, including quantum dots, nanowires, nanotubes,
nanorods, and thin-film nanostructures, have demonstrated remarkable potential for improving the
performance of solar cells. Their ability to capture a broader range of the solar spectrum, facilitate
efficient charge separation, and reduce electron-hole recombination contributes to higher power
conversion efficiencies. Furthermore, nanoscale engineering enables flexible device architectures,
lightweight solar panels, and low-cost fabrication techniques such as solution processing and printable
photovoltaics. Recent advances in nanotechnology have led to the development of high-efficiency solar
cells based on semiconductor nanomaterials, including perovskite solar cells, quantum dot solar cells,
dye-sensitized solar cells, and advanced thin-film photovoltaic devices. Surface passivation, interface
engineering, plasmonic enhancement, and heterojunction design have further improved device stability
and efficiency. Nevertheless, several challenges remain, including long-term operational stability,
environmental concerns related to certain nanomaterials, scalability of manufacturing processes, and
the need for cost-effective commercial production. This paper reviews the role of semiconductor
nanomaterials in solar energy conversion, with particular emphasis on nanostructured semiconductors
used in high-efficiency solar cells. It discusses the fundamental properties of semiconductor
nanomaterials, recent developments in nanostructured photovoltaic technologies, mechanisms
responsible for enhanced solar energy conversion, and the major challenges limiting commercialization.
Finally, the paper highlights emerging research trends and future opportunities for designing efficient,
stable, and economically viable solar energy systems based on semiconductor nanotechnology.

Aim

To study the role of semiconductor nanomaterials in solar energy conversion and evaluate the
application of nanostructured semiconductors for improving the efficiency, stability, and performance
of high-efficiency solar cells.

Objectives

+ To understand the fundamental properties and characteristics of semiconductor nanomaterials
used in photovoltaic applications.

+ To examine different types of nanostructured semiconductors, including quantum dots, nanowires,
nanotubes, nanorods, and thin-film nanomaterials.

+ To investigate the mechanisms by which nanostructured semiconductors enhance light absorption,
charge separation, and charge transport in solar cells.

+ To review recent advances in high-efficiency solar cell technologies based on semiconductor
nanomaterials, such as perovskite, quantum dot, and dye-sensitized solar cells.

+ To evaluate the advantages of semiconductor nanomaterials over conventional bulk semiconductor
materials in solar energy conversion.

+« To identify the challenges associated with the commercialization of nanostructured semiconductor
solar cells, including stability, toxicity, scalability, and manufacturing costs.

+«+ To explore recent research trends and future opportunities for developing sustainable, efficient, and
cost-effective nanostructured photovoltaic technologies.

+ To summarize the potential contribution of semiconductor nanomaterials toward meeting future
global renewable energy demands through improved solar energy conversion.

REVIEW OF LITERATURE

Semiconductor nanomaterials have become a major focus of research in solar energy
conversion because of their exceptional optical, electrical, and structural properties. Nanostructured
semiconductors offer improved light harvesting, enhanced charge carrier mobility, and reduced
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electron-hole recombination, making them attractive materials for developing high-efficiency
photovoltaic devices. Numerous studies have explored different nanostructured materials and device
architectures to improve solar cell performance. Early research on semiconductor nanomaterials
demonstrated that reducing semiconductor dimensions to the nanoscale significantly modifies their
electronic and optical properties through quantum confinement effects. These findings led to the
development of quantum dots, nanowires, nanotubes, and nanorods as promising materials for next-
generation solar cells. Their tunable band gaps and high surface-to-volume ratios enable better
utilization of the solar spectrum and increased photovoltaic efficiency. Research on quantum dot solar
cells has shown that semiconductor quantum dots can absorb a wide range of wavelengths and
generate multiple excitons from a single high-energy photon, potentially increasing power conversion
efficiency beyond the theoretical limit of conventional silicon solar cells. Surface passivation and
interface engineering have further improved charge transport and reduced recombination losses in
these devices.

Nanowire-based solar cells have also attracted considerable attention because their one-
dimensional structures provide direct pathways for electron transport while enhancing light trapping.
Studies have reported that silicon, zinc oxide (Zn0O), titanium dioxide (TiO.), and gallium arsenide
(GaAs) nanowires improve carrier collection efficiency and reduce optical reflection, contributing to
enhanced photovoltaic performance. itanium dioxide nanostructures have been extensively
investigated in dye-sensitized solar cells due to their excellent chemical stability, large surface area, and
efficient electron transport properties. Similarly, zinc oxide nanostructures have been studied as cost-
effective alternatives because of their high electron mobility and ease of fabrication. Researchers have
shown that modifying the morphology and surface properties of these nanomaterials further improves
device efficiency. Perovskite solar cells represent one of the most significant recent advances in
photovoltaic technology. Nanostructured perovskite materials exhibit excellent light absorption, long
carrier diffusion lengths, and tunable band-gap energies, enabling rapid improvements in power
conversion efficiency. Continuous research on interface engineering, defect passivation, and
encapsulation techniques has enhanced both efficiency and operational stability, bringing perovskite
solar cells closer to commercial applications.

RESEARCH METHODOLOGY

This study adopts a systematic literature review methodology to examine the role of
semiconductor nanomaterials in solar energy conversion, with a particular focus on nanostructured
semiconductors used in high-efficiency solar cells. The review is based on the collection, evaluation, and
synthesis of published scientific literature from peer-reviewed journals, conference proceedings, books,
and authoritative reports. Relevant publications were identified using academic databases such as
Scopus, Web of Science, IEEE Xplore, ScienceDirect, SpringerLink, Wiley Online Library, and Google
Scholar. The literature search employed keywords including semiconductor nanomaterials, solar
energy conversion, nanostructured semiconductors, photovoltaics, quantum dots, nanowires,
perovskite solar cells, thin-film solar cells, and high-efficiency solar cells. Priority was given to recent
publications while also including influential earlier studies that established the foundation of the field.
The selected literature was screened for relevance based on its contribution to semiconductor
nanomaterials, photovoltaic device design, material synthesis, charge transport mechanisms, efficiency
enhancement strategies, and commercial applications. Studies lacking sufficient scientific evidence or
direct relevance to nanostructured semiconductor solar cells were excluded. The collected information
was analyzed using a qualitative comparative approach. Key aspects such as material properties,
nanostructure types, fabrication techniques, photovoltaic performance, advantages, limitations, and
future research directions were systematically compared and summarized. The findings were organized
into thematic sections to provide a comprehensive overview of current developments in semiconductor
nanomaterials for solar energy conversion. The study emphasizes recent advances in quantum dots,
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nanowires, nanotubes, nanorods, thin-film semiconductors, and perovskite-based photovoltaic
technologies. Particular attention is given to strategies for improving light absorption, charge
separation, power conversion efficiency, device stability, and scalability. The synthesized findings are
used to identify existing research gaps and suggest future directions for the development of efficient,
sustainable, and commercially viable nanostructured semiconductor solar cells.

STATEMENT OF THE PROBLEM

The increasing global demand for clean and sustainable energy has highlighted the need for
more efficient and cost-effective solar energy conversion technologies. Although conventional silicon-
based solar cells have achieved significant commercial success, their efficiency is limited by factors such
as restricted light absorption, charge carrier recombination, high manufacturing costs, and material
constraints. These limitations hinder further improvements in photovoltaic performance and the
widespread adoption of solar energy. Semiconductor nanomaterials have emerged as promising
alternatives because their unique nanoscale properties, including tunable band gaps, high surface area,
and enhanced charge transport, can significantly improve the efficiency of solar cells. Nanostructured
semiconductors such as quantum dots, nanowires, nanotubes, nanorods, and perovskite nanomaterials
have demonstrated considerable potential for increasing light harvesting and reducing energy losses.
Despite these advances, several challenges continue to limit the practical application of semiconductor
nanomaterials in high-efficiency solar cells. These include long-term operational instability, material
degradation, toxicity concerns associated with certain nanomaterials, difficulties in large-scale
manufacturing, and high production costs. Furthermore, the rapid development of new nanostructured
materials has created a need for a comprehensive understanding of their properties, performance, and
limitations. Therefore, this study seeks to review the current state of semiconductor nanomaterials for
solar energy conversion, evaluate the role of nanostructured semiconductors in improving photovoltaic
efficiency, identify the major challenges affecting their commercialization, and highlight future research
directions for the development of efficient, stable, and sustainable high-efficiency solar cells.

NEED OF THE STUDY

The growing global demand for clean, sustainable, and renewable energy has increased the
need for advanced solar energy conversion technologies. Conventional silicon-based solar cells have
made significant contributions to electricity generation; however, their efficiency, manufacturing cost,
and material limitations continue to restrict their widespread adoption. Therefore, there is a strong
need to explore innovative materials that can enhance photovoltaic performance while reducing
production costs. Semiconductor nanomaterials have emerged as promising candidates for next-
generation solar cells because of their unique nanoscale properties, including tunable band gaps, high
surface-to-volume ratios, enhanced light absorption, and improved charge -carrier transport.
Nanostructured semiconductors such as quantum dots, nanowires, nanotubes, nanorods, and
perovskite materials have demonstrated significant potential to increase power conversion efficiency
and improve the overall performance of photovoltaic devices.This study is needed to provide a
comprehensive understanding of the latest developments in semiconductor nanomaterials for solar
energy conversion. It examines how nanostructured semiconductors improve light harvesting, charge
separation, and electrical conductivity, while also addressing the challenges of device stability,
environmental impact, scalability, and commercialization. Furthermore, the study identifies current
research trends, technological advancements, and existing knowledge gaps in the field. The findings will
be valuable to researchers, engineers, students, and policymakers by providing insights into the design
and development of efficient, stable, and cost-effective solar cells. Ultimately, this study supports the
advancement of renewable energy technologies and contributes to global efforts toward sustainable
energy production and reduced dependence on fossil fuels.
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FURTHER SUGGESTIONS FOR RESEARCH
Although significant progress has been made in the development of semiconductor

nanomaterials for solar energy conversion, several research opportunities remain to improve the

performance, stability, and commercial viability of high-efficiency solar cells. Future research should

focus on the following areas:

¢+ Develop environmentally friendly and non-toxic semiconductor nanomaterials to reduce health and
environmental risks associated with hazardous materials.

+ Improve the long-term stability and durability of nanostructured solar cells under varying
environmental conditions, including heat, moisture, and ultraviolet radiation.

+ Investigate novel nanostructures and hybrid semiconductor materials that can enhance light
absorption, charge separation, and power conversion efficiency.

+ Explore advanced surface passivation and interface engineering techniques to minimize charge
carrier recombination and improve device performance.

+» Develop low-cost, scalable, and energy-efficient fabrication methods suitable for large-scale
commercial production of nanostructured solar cells.

+ Study the integration of semiconductor nanomaterials with flexible, lightweight, and wearable
photovoltaic devices for emerging applications.

+ Employ artificial intelligence, machine learning, and computational materials science to accelerate
the discovery and optimization of high-performance semiconductor nanomaterials.

+ Investigate recyclable and sustainable materials to improve the environmental sustainability of
next-generation photovoltaic technologies.

+«¢ Conduct long-term field studies to evaluate the real-world performance, reliability, and economic
feasibility of nanostructured semiconductor solar cells.

SCOPE AND LIMITATIONS
Scope of the Study

This study focuses on the application of semiconductor nanomaterials in solar energy
conversion, with particular emphasis on nanostructured semiconductors used in high-efficiency solar
cells. It reviews the fundamental properties, classification, synthesis methods, and photovoltaic
applications of nanomaterials such as quantum dots, nanowires, nanotubes, nanorods, thin-film
semiconductors, and perovskite materials. The study examines how these nanostructures improve light
absorption, charge separation, charge transport, and power conversion efficiency in modern
photovoltaic devices. The review also discusses recent technological developments, performance
enhancement strategies, material engineering approaches, and the challenges associated with the
commercialization of nanostructured semiconductor solar cells. In addition, it highlights current
research trends and future opportunities for developing efficient, stable, cost-effective, and
environmentally sustainable solar energy conversion technologies.

Limitations of the Study

The present study is limited to a review and analysis of published scientific literature and does
not include experimental work, laboratory testing, or the fabrication of semiconductor nanomaterials.
The findings depend on the quality, availability, and reliability of the selected research articles, books,
and technical reports. The study primarily focuses on semiconductor nanomaterials used in
photovoltaic applications and does not provide a detailed analysis of other renewable energy
technologies or non-semiconductor solar energy conversion systems. Furthermore, due to the rapid
advancement of nanotechnology, newly developed materials and emerging photovoltaic technologies
published after the completion of this review may not be included. Economic, policy, and market-
related aspects of solar energy commercialization are discussed only briefly and are beyond the
primary scope of this study.
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Scope of the Study

This study focuses on the role of semiconductor nanomaterials in solar energy conversion, with
particular emphasis on the application of nanostructured semiconductors in high-efficiency solar cells.
It examines the fundamental properties, classifications, and synthesis of semiconductor nanomaterials,
including quantum dots, nanowires, nanotubes, nanorods, thin-film semiconductors, and perovskite
nanomaterials. The study reviews how these nanostructured materials enhance photovoltaic
performance through improved light absorption, efficient charge separation, enhanced charge
transport, and reduced electron-hole recombination. It also discusses recent advances in
nanotechnology, material engineering, and device fabrication that contribute to higher power
conversion efficiency and improved stability of solar cells. In addition, the study evaluates the
advantages, challenges, and future prospects of semiconductor nanomaterials in photovoltaic
applications. The scope is limited to a review of published scientific literature and focuses on
photovoltaic solar energy conversion rather than other renewable energy technologies. The findings
are intended to provide a comprehensive understanding of current developments and emerging trends
in nanostructured semiconductor-based solar cells, supporting future research and technological
innovation in sustainable energy systems.

FINDINGS

The review of semiconductor nanomaterials for solar energy conversion reveals that
nanostructured semiconductors play a significant role in improving the efficiency and performance of
modern photovoltaic devices. The major findings of this study are summarized as follows:
Enhanced Light Absorption: Semiconductor nanomaterials exhibit unique optical properties due to
nanoscale effects, enabling improved absorption of solar radiation across a broader wavelength range.
Nanostructures such as quantum dots, nanowires, and nanorods provide effective light trapping and
increased utilization of the solar spectrum.
Improved Charge Carrier Management: Nanostructured semiconductors facilitate efficient
generation, separation, and transport of electron-hole pairs. Their controlled structures reduce charge
recombination losses, resulting in improved photovoltaic performance and higher power conversion
efficiency.
Advancement of High-Efficiency Solar Cells: The integration of semiconductor nanomaterials has
contributed to significant advancements in various solar cell technologies, including quantum dot solar
cells, perovskite solar cells, dye-sensitized solar cells, and thin-film photovoltaic devices.
Tunable Electronic and Optical Properties: Nanomaterials offer adjustable band-gap energies and
electronic properties through size, shape, and composition control. This tunability allows researchers to
design solar cells capable of better matching the solar spectrum and achieving enhanced energy
conversion.
Role of Nanostructure Design: The morphology and architecture of nanostructured semiconductors
strongly influence solar cell performance. Nanowires, nanotubes, and hierarchical nanostructures
provide direct pathways for charge transport and improve device efficiency.
Importance of Surface and Interface Engineering: Surface modification, defect passivation, and the
development of heterojunction structures have been identified as effective approaches for reducing
energy losses and improving the stability of nanostructured photovoltaic devices.
Challenges in Commercial Application: Despite their advantages, semiconductor nanomaterial-based
solar cells face challenges including limited long-term stability, fabrication complexity, environmental
concerns, scalability issues, and high production costs. Addressing these challenges is essential for
large-scale commercialization..
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DISCUSSION

The development of semiconductor nanomaterials has significantly influenced the progress of
solar energy conversion technologies by providing new approaches to overcome the limitations of
conventional photovoltaic systems. The unique nanoscale properties of these materials, such as
quantum confinement effects, high surface area, tunable electronic structures, and enhanced optical
absorption, have enabled the design of more efficient solar cells. Nanostructured semiconductors
improve photovoltaic performance by increasing the interaction between sunlight and the active
material. Structures such as quantum dots, nanowires, nanorods, and nanotubes enhance light
harvesting through multiple scattering and trapping mechanisms. In addition, their adjustable band-gap
energies allow better utilization of different regions of the solar spectrum, which contributes to
improved energy conversion efficiency. The incorporation of semiconductor nanomaterials into solar
cells has led to major advancements in several photovoltaic technologies. Quantum dot solar cells
provide opportunities for multiple exciton generation and wavelength tuning, while perovskite
nanostructures offer high absorption coefficients, long carrier diffusion lengths, and excellent charge
transport properties. Similarly, metal oxide nanostructures such as titanium dioxide (TiO;) and zinc
oxide (ZnO) have demonstrated significant advantages in dye-sensitized and thin-film solar cells due to
their stability and favorable electronic properties.

Interface engineering and surface modification have become important strategies for improving
the performance of nanostructured solar cells. Proper control of interfaces between semiconductor
layers reduces charge recombination and improves electron and hole transport. Heterojunction
structures combining different nanomaterials have also shown potential for achieving higher efficiency
by enhancing charge separation and extending light absorption. Despite these advantages, several
challenges remain before semiconductor nanomaterial-based solar cells can achieve widespread
commercial adoption. Issues such as material stability, degradation under environmental conditions,
large-scale fabrication, production costs, and environmental concerns related to certain nanomaterials
must be addressed. In particular, maintaining high efficiency while improving long-term stability
remains a major research challenge. Future developments in this field are expected to focus on the
discovery of sustainable and non-toxic nanomaterials, advanced synthesis techniques, flexible
photovoltaic designs, and integration of artificial intelligence for material optimization. The
combination of innovative nanostructure design and improved manufacturing processes will play an
important role in creating efficient, durable, and economically viable solar energy conversion systems.

CONCLUSION

Semiconductor nanomaterials have emerged as highly promising materials for advancing solar
energy conversion technologies due to their unique nanoscale properties and superior optoelectronic
characteristics. Nanostructured semiconductors, including quantum dots, nanowires, nanotubes,
nanorods, and perovskite-based materials, have demonstrated significant potential to enhance the
performance of high-efficiency solar cells by improving light absorption, charge separation, charge
transport, and reducing energy losses. The integration of nanostructured semiconductors into
photovoltaic devices has resulted in remarkable progress in various solar cell technologies, including
quantum dot solar cells, dye-sensitized solar cells, thin-film solar cells, and perovskite solar cells. The
ability to tune band-gap energy, control material morphology, and engineer interfaces provides
opportunities to design solar cells with improved efficiency and broader solar spectrum
utilization.Despite these advancements, several challenges remain, including long-term stability,
environmental safety, large-scale fabrication, material costs, and commercialization difficulties.
Addressing these issues through advanced synthesis techniques, surface modification, defect control,
and the development of sustainable nanomaterials is essential for future progress. Overall,
semiconductor nanomaterials represent a key pathway toward the development of next-generation
photovoltaic technologies. Continued research and innovation in nanostructure design and device
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engineering are expected to produce solar cells that are more efficient, durable, affordable, and
environmentally sustainable. The advancement of nanostructured semiconductor solar cells will play
an important role in meeting future global energy demands and supporting the transition toward clean
renewable energy systems.

RECOMMENDATIONS

Based on the study of semiconductor nanomaterials for solar energy conversion and their
applications in high-efficiency solar cells, the following recommendations are suggested:
Development of Sustainable Nanomaterials: Future research should focus on the development of
environmentally friendly, non-toxic, and abundant semiconductor nanomaterials to reduce ecological
risks and improve the sustainability of photovoltaic technologies.
Improvement of Solar Cell Stability:Greater attention should be given to enhancing the long-term
stability of nanostructured solar cells through advanced encapsulation methods, surface passivation,
defect control, and improved material design.
Optimization of Nanostructure Design: Researchers should continue exploring new nanostructure
architectures, including hierarchical structures, heterojunctions, and hybrid nanomaterials, to
maximize light absorption and improve charge transport efficiency.
Advancement of Low-Cost Fabrication Techniques: Scalable and economical manufacturing
processes should be developed to enable the large-scale production of semiconductor nanomaterial-
based solar cells while maintaining high performance.
Focus on Interface Engineering: Improved understanding and control of interfaces between different
semiconductor layers are recommended to minimize charge recombination and enhance photovoltaic
efficiency.
Integration of Computational Approaches: The use of computational modeling, artificial intelligence,
and machine learning should be encouraged to accelerate the discovery and optimization of high-
performance semiconductor nanomaterials.
Promotion of Flexible and Next-Generation Solar Cells: Research should explore the integration of
nanostructured semiconductors into flexible, lightweight, and wearable photovoltaic devices for diverse
applications.

REFERENCES

1. Green, M. A. (2015). The passivated emitter and rear cell (PERC): From conception to mass
production. Solar Energy Materials and Solar Cells, 143, 190-197.

2. Kamat, P. V. (2012). Tapping into the solar energy stored in semiconductor nanostructures. The
Journal of Physical Chemistry Letters, 3(5), 663-672.

3. Nozik, A. ]J. (2002). Quantum dot solar cells. Physica E: Low-dimensional Systems and
Nanostructures, 14(1-2), 115-120.

4. Beard, M. C. (2011). Multiple exciton generation in semiconductor quantum dots. The Journal of
Physical Chemistry Letters, 2(11), 1282-1288.

5. Gratzel, M. (2003). Dye-sensitized solar cells. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews, 4(2), 145-153.

6. O’Regan, B, & Gritzel, M. (1991). A low-cost, high-efficiency solar cell based on dye-sensitized
colloidal TiO, films. Nature, 353, 737-740.

7. Snaith, H.]. (2013). Perovskites: The emergence of a new era for low-cost, high-efficiency solar cells.
The Journal of Physical Chemistry Letters, 4(21), 3623-3630.

8. Park, N. G. (2015). Perovskite solar cells: An emerging photovoltaic technology. Materials Today,
18(2), 65-72.

9. Lewis, N. S. (2007). Toward cost-effective solar energy use. Science, 315(5813), 798-801.

Journal for all Subjects : www.lbp.world



SEMICONDUCTOR NANOMATERIALS FOR SOLAR ENERGY CONVERSION ...... VOLUME - 16 | ISSUE - 9 | OCTOBER - 2026

10. Tian, B, Zheng, X., Kempa, T. ], Fang, Y., Yu, N., Yu, G., Huang, J., & Lieber, C. M. (2007). Coaxial silicon
nanowires as solar cells and nanoelectronic power sources. Nature, 449, 885-889.

11. Law, M,, Greene, L. E., Johnson, J. C., Saykally, R., & Yang, P. (2005). Nanowire dye-sensitized solar
cells. Nature Materials, 4, 455-459.

12. Zhang, Q., & Cao, G. (2011). Nanostructured photoelectrodes for dye-sensitized solar cells. Nano
Today, 6(1), 91-109.

Journal for all Subjects : www.lbp.world



