
PHOTOVOLTAIC DEVICES WITH
PLASMONIC NANOPARTICLES

Can plasmonic nanostructures improve photovoltaic absorption?

Provided by the Springer Nature SharedIt content-sharing initiative This review article surveys the potentialof

using plasmonic nanostructures to enhance the absorption of photovoltaic devices. As a result,the physical

thickness of solar cells can be reduced,leading to new photovoltaic-device designs.

Can plasmonic nanoparticles enhance absorption in solar cells?

( American Chemical Society ) A review. Soln.-processed solar cells are particularly suited to benefit from

absorption enhancementby plasmonic nanoparticles,due to their transport-limited film thicknesses and the

ease with which metal nanoparticles can be integrated into the materials.

Can random plasmonic nanoparticles improve the efficiency of perovskite solar cells?

Mohammadi, M. H., Eskandari, M. & Fathi, D. Improving the efficiency of perovskite solar cells via embedding

random plasmonic nanoparticles: Optical-electrical study on device architectures. Solar Energy 221, 162-175

(2021). Laska, M. et al. Metallization of solar cells, exciton channel of plasmon photovoltaic effect in

perovskite cells.

How do noble metal nanoparticles affect photovoltaic cells?

Noble metal nanoparticles placed inside solar cells,by increasing the scattering of the incident light,effectively

increase the optical absorptioninside PSCs; this in turn increases the electric current generated in the

photovoltaic device.

How can plasmonics improve photovoltaic-device design?

As a result,the physical thickness of solar cells can be reduced,leading to new photovoltaic-device designs.

The emerging field of plasmonics has yielded methods for guiding and localizing light at the nanoscale,well

below the scale of the wavelength of light in free space.

Can metal nanostructures be used in plasmonic solar cells?

Integration of metallic nanostructures on the surface of a solar cell can also reduce the cell surface sheet

resistance, which leads to greater output power as well 37. Indeed, in an optimized plasmonic solar-cell

design, the metal nanostructures will be integrated with the metal-finger structure that conventionally collects
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current from the cell.

Nourolahi et al. embedded plasmonic Ag

nanoparticles into the TiO 2 layer of mesoporous

heterojunction PSCs to study their impact on the

device's photovoltaic characteristics . The final

results showed that compared to samples without

added Ag nanoparticles, the PCE of the fabricated

cells increased by over 30%.

APPLIED PHYSICS LETTERS 95, 013305 2009

Plasmonic-enhanced polymer photovoltaic devices

incorporating solution-processable metal

nanoparticles Fang-Chung Chen,1,2,a Jyh-Lih

Wu,1,3 Chia-Ling Lee,1,2 Yi Hong,1,2 Chun-Hong

Kuo,4 and Michael H. Huang4 1 Department of

Photonics, National Chiao Tung University, Hsinchu

30010, Taiwan Display Institute, National ???

Recently, plasmonic nanoparticles have attracted

considerable and increasing attention in the field of

photovoltaics research to improve the efficiency of

photovoltaic devices such as solar cells (quantum

dot, polymer as well as dye sensitized) and light

emitting devices. 36,41???44,47,48,112,135???173

Plasmonic nanoparticles have the ability 
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Incorporating plasmonic nanoparticles in organic

photovoltaic (OPV) devices can increase the optical

thickness of the organic absorber layer while

keeping its physical thickness small. However,

trade-offs between various structure parameters

have caused contradictions regarding the

effectiveness of plasmonics in the literature, that

have somewhat stunted the progressing ???

Due to the increasing demand on high-efficiency

organic photovoltaic (OPV) devices, light

management technique has become an active

research subject. Especially, plasmonic approach

was proven to be suitable for application in OPV

and has shown lots of successful results. In this

review, we summarize recent studies on plasmonic

nanostructures for OPV with their ???

Currently, commercialized PV devices are mainly

based on lots of inorganic semiconductors which

absorb sunlight to generate free carriers, such as

single crystal silicon, polycrystalline silicon, or III-V

semiconductors, are the dominating technologies in

the market due to the advantages of high efficiency

and stability as well as the abundant resources of

silicon ???
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The energy absorbed by plasmonic nanoparticles

can then be released by either the re-emission of

photons (luminescence) or the generation of

phonons (heat).  and high-temperature

photothermal devices. 3.1 Solar Energy Harvesting.

With the continuous process optimization and

improvement of energy conversion efficiency, solar

energy is 

Noble metal nanoparticles placed inside solar cells,

by increasing the scattering of the incident light,

effectively increase the optical absorption inside

PSCs; this in turn increases ???

? The generation and transfer of hot charge carriers

play a central role in plasmonic photocatalysis and

photovoltaics. The decay of excited plasmons in

gold nanoparticles (AuNPs) produces hot charge

carriers, and their transfer to ???
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The effect of noble metal nanoparticle (NP)

synthesis method on the plasmonic enhancement of

organic photovoltaic device performance by these

NPs is reviewed. For direct incorporation into a

polymer fullerene bulk heterojunction (BHJ) active

layer, chemically synthesized colloidal Au or Ag NPs

with organic ligands are generally ineffective. Due to

the ???

resonance in OPV devices will be discussed. When

plasmonic structures are incorporated into

photovoltaic devices, absorption enhancement can

be achieved by two different mechanisms. One is

the scattering effect, known to be stronger in metal

NPs which support LSPRs. Enhanced scattering at

the front surface of a photovoltaic device reduces

We have explored the effect of gold nanoparticle

(Au NP)-induced surface plasmons on the

performance of organic photovoltaic devices

(OPVs). The power conversion efficiency of these

OPVs was improved after blending the Au NPs into

the anodic buffer layer.
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Introducing metal nanoparticles into the active layer

is considered to be a promising approach to

enhancing light absorption in OSC devices. 8???11

When metal nanoparticles are incorporated into the

active layer, the enhancement of localized

electromagnetic radiation around the metal

nanoparticles improves the absorption of solar cells.

Particularly, ???

Solution-processed nanocomposites containing

molybdenum oxide and gold nanoparticles as anode

buffer layers in plasmonic-enhanced organic

photovoltaic devices ACS Appl. Mater. Interfaces, 5

( 2013 ), pp. 12419 - 12424

A variety of approaches are examined for exploiting

the optical properties of metal or dielectric

nanoparticles, particularly those associated with

surface plasmon polariton resonances, to improve

the performance of semiconductor photodetectors

and photovoltaic devices. Early and recent concepts

for employing optical absorption and local

electromagnetic ???
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Interfacial plasmonic effects of gold

nanoparticle-decorated graphene oxides on the

performance of perovskite photovoltaic devices 

Among all the different methods to enhance the

optical absorption of photovoltaic devices. The

plasmonic effect is one the most prominent and

effective ways to capture more incident light and

also provide good 

In this review, we summarize up-to-date published

work related to plasmonic nanoparticle applications

in PV solar cells, both organic and inorganic, and

how these applications affect device performance

with different nanomaterials, sizes, shapes,

combinations, and locations/placement in different

layers of the device.

The remarkable optical properties of metallic

nanoparticles play a pivotal role in enhancing light

absorption for solar energy applications by

efficiently converting solar flux into heat. In the

pursuit of achieving a broad spectrum absorption

from visible to near-infrared (NIR) wavelengths,

colloidal nanoparticles, specifically gold/silver hollow

nanocubes (HNC) with ???
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One of the new energies is solar energy, which can

be used in heating sources or in a photovoltaic

device 1,2,3. Solar cells are photovoltaic devices

that produce electrical energy by absorbing 

In this context, optical modeling of plasmonic

nanoparticle arrays embedded in photovoltaic

materials can facilitate the design process and

provide substantial insight into the effects

influencing light trapping efficiency.  Fig. 4 a???c

presents the absorption in the whole PV devices

without nanoparticles 

This makes bottom-up methods such as the use of

nanoparticles realistic and important, and therefore

the focus of this Special Issue is on "Nanoparticles

for Photovoltaics". Nanoparticles can be used as

constituents (e.g., quantum dots), or for light

management structures (e.g., plasmonic and Mie

scatterers).
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Plasmonic-enhanced polymer photovoltaic devices

incorporating solution-processable metal

nanoparticles Fang-Chung Chen,1,2,a Jyh-Lih

Wu,1,3 Chia-Ling Lee,1,2 Yi ???
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