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ABSTRACT

With the advancement of highly optimized photovoltaic devices, there is a pressing need for extensive strategies to drive further
improvements in efficiency. Extensive research has focused on sub-wavelength structures with anti-reflection and light-trapping
properties, though an optimal design remains elusive. This study explores the potential of artificial sub-wavelength optical struc-
tures, known as metamaterials, to address these challenges. Metamaterials, gaining attention for their perfect absorber capabilities,
are integrated into solar cells to boost absorption and quantum efficiency. This paper highlights recent advancements in applying
metamaterials to organic and perovskite solar cells, next-generation photovoltaic technologies, emphasizing their role in improv-

ing device performance and efficiency.
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Fig. 1. (a) Basic structure of an organic solar cell with
metamaterial electrodes. The cross section and
three-dimensional sketch of the structure, res-
pectively. (b) The electromagnetic power loss
for organic active material with and without
grating and the wavelength dependent absorption
enhancement factor. Adapted with permission
from [25]. Copyright 2015, Optical Society of
America.
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Fig. 2. The electromagnetic energy loss density distri-
bution at (a) 425 nm and (b) 575 nm.
Adapted with permission from [25]. Copyright
2015, Optical Society of America.
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Fig. 3. (a) Optical behavior of a conventional mirror

and a metamaterial mirror responding to ele-
ctric field (transverse electric, TE) and mag-
netic field (transverse magnetic, TM), respe-
ctively. (b) Simulated electric field amplitude
distributions for 600 nm wavelength light refle-
cting from conventional flat silver mirror,
grooved silver mirror under TE and TM
illumination, respectively. (c) Plots of the de-
pendence on groove depth of the reflection
phase for light at 600 nm reflecting from a
patterned mirror. Adapted with permission from
[26]. Copyright 2014, Macmillan.
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Fig. 4. (a) Chemical structure of perovskite and (b)
device configuration of perovskite solar cell.
Adapted with permission from [28]. Copyright
2017, KICHE.
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from [29]. Copyright 2016, IEEE.
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Table 1. Summary of photovoltaic performances

Baseline Chiral Hexagonal
Voc (V) 0.82 0.83 0.82
Jsc (mA/em?) 14.70 14.86 13.88
FF (%) 70.41 70.58 69.93
PCE (%) 8.53 8.76 7.98

Adapted with permission from [29]. Copyright 2016, IEEE.
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PCE: Power conversion efficiency
MPA: Metamaterial perfect absorber
OSC: Organic solar cells

SPR: Surface plasmon resonance
PBR: Perfect back reflector

TE: Transverse electric

TM: Transverse magnetic

SPP: Surface plasmon polariton
SEM: Scanning electron microscope
EQE: External quantum efficiency

Voc: Open circuit voltage

Jsc: Short circuit current

FF: Fill factor
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