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a b s t r a c t

Solar cell efficiency improvement has been one of the major concerns to realize ultimately the cost
effective efficient solar cells. Among various ways to improve solar cell efficiency, plasmonic light
trapping mechanism has been found to be of immense interests recently. The mechanism of strong
scattering into the active materials and guiding of light at the excitation of plasmons at the metal-
semiconductor interface play significant role for better photon harvesting. The present review con-
centrates on the recent advances on the application of plasmonics in inorganic semiconductor solar cell
efficiency improvements. Various research groups active in this field have employed various metal na-
nostructures on to the surface of solar cells to achieve higher efficiency. This review partially also con-
centrates on surface nanopatterning of solar cells with nonmetallic dielectrics. Finally, a brief account on
the dye-sensitized solar cell is presented to show the potential of plasmonics in solar cell research.
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1. Introduction

Solar cell, a source of cleaned electrical energy has been the
most important alternative renewable energy source for many
years. The device basically converts sunlight or solar radiation into
electrical energy and therefore, it can reasonably be considered as
a source of endless energy as long as sunshine persists. This has
led to the primary interests in solar cell research by several

research groups worldwide. The most important and technologi-
cally developed solar cell module is based on ‘silicon’ till date.
However, a wide variety of solar cell structures also available based
on various active materials, such as, thin film CIS (CuInS2 (/Se2)),
Cu(In, Ga)S2 (/Se2) solar cell, single-/multi-junction III�V solar
cells etc.

Dye-sensitized/quantum-dot�sensitized solar cells and poly-
mer solar cells also seem to be very interesting and promising
since the price of these types of solar cells is expected to be much
cheaper. However, in general, many factors such as device effi-
ciency, materials capital and the mature device processing
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technology have always been the important issues for making
these devices efficient and cheap with large scale productivity.
Among the issues, the first and foremost importance is given to
the improvement in the solar power conversion efficiency. Effec-
tive absorption in the wide solar spectral range covering 350–
1250 nm (standard solar spectrum [1] is shown in Fig. 1(a)) has
been an important aspect of solar cell research. The primary in-
terest of increasing the cell efficiency is to study the efficient light
trapping mechanism which can result in enhancement in the op-
tical absorption [2–21]. However, efficient absorption does not

guarantee for efficient generation of electron-hole pairs and hence
photo-voltage. Photon energy around the band gap of the semi-
conductor used as the active material will only effectively create
charge pairs. The excess photon energy (above the band gap) will
be dissipated as heat. A schematic representation (Fig. 1(b)) will
help in understanding the process. Therefore, suitable choice of
active materials will enable in obtaining better photon absorption
and generation of charge pairs. However, no single active semi-
conductor will be best for the efficient absorption; therefore
multi-junction solar cells (or tandem solar cells) have also been

Fig. 1. (a) Represents standard solar spectra and (b) schematic for the electron-hole (e-h) pair generation by the absorption of photon energy by an arbitrary semiconductor
having band gap (direct) energy Eg. Photons energy above the band gap (i.e excess energy ΔE) will be lost due to thermal heating (indicated by black dotted arrows). (a) is
adapted from the reference [1].

Fig. 2. (a) Represents photon absorption scheme by a semiconductor of thickness ts. Carrier diffusion length is represented by tr. II and IT represent incoming and outgoing
photon fluxes, respectively. (b) represents the research strength over the years in terms of published papers (to the author’s knowledge using search engine ‘scholar google’)
showing interest in plasmonic solar cells. The above search engine has also been used for the general search on plasmon associated with all possible fields of research
(corresponding bar graph plot is shown in (c)).
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