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Abstract:

In this research, the optical properties of monolayer graphene integrated with a periodic plasmonic grating were
investigated to develop an efficient optical absorber operating in the near-infrared region. The proposed structure
consists of gold nanoribbons placed above a monolayer graphene sheet, h-BN layers serving as a spacer and
antireflection coating, and a 70-nm-thick silver substrate. The structure was numerically analyzed using COMSOL
Multiphysics based on the finite-element method under TM-polarized plane-wave illumination. The gold nanoribbons
enhance light—graphene interaction by exciting localized plasmonic resonances and concentrating the electromagnetic
field near the graphene layer. To maximize absorption, the geometrical dimensions of the grating were optimized by
varying the nanoribbon width and structural period. The results showed that changing these parameters enables the
graphene absorption peak to be controlled over an approximate wavelength range of 1000-1700 nm. The optimized
structure, with a nanoribbon width of 50 nm and a grating period of 100 nm, achieved 60% absorption at approximately
1650 nm, corresponding to nearly 26 times the intrinsic absorption of suspended monolayer graphene. Furthermore, the
angular response was examined at incidence angles of 15°, 30°, 45°, 60°, 75°, and 90°. The absorption remained above
57% at many of the investigated angles, indicating low angular sensitivity and confirming the potential of the proposed
structure for solar absorbers, infrared detectors, optical sensors, and energy-harvesting applications.
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1. Motivation of the work

Graphene has attracted considerable attention in photonic
and optoelectronic devices because of its high carrier
mobility, environmental stability, tunable optical
properties, and compatibility with nanostructures.
Graphene-based absorbers can be employed in optical
sensors, solar-energy harvesting systems, infrared
detectors, and terahertz imaging devices. Nevertheless,
suspended monolayer graphene, with a thickness of
approximately 0.34 nm, absorbs only about 2.3% of
incident light. This inherently weak absorption limits its
direct application in efficient optical devices. Integrating
graphene with metallic plasmonic structures provides an
effective solution by concentrating the electromagnetic
field near the graphene layer and strengthening light—
graphene interaction. The objective of this research is to
enhance monolayer-graphene absorption in the near-
infrared region, control the absorption wavelength
through geometrical optimization, and evaluate the
angular sensitivity of the resulting absorber.

2. Contributions

A hybrid plasmonic absorber consisting of monolayer
graphene, periodic gold nanoribbons, hexagonal boron
nitride (h-BN) layers, and a silver substrate is proposed.
Gold nanoribbons are placed above graphene to excite
localized plasmonic resonances and guide incident light
toward the graphene layer. An h-BN layer is used
between graphene and the gold nanoribbons to reduce
carrier degradation. Moreover, a 2-nm-thick h-BN
antireflection layer is placed above the structure to
suppress reflection and improve light coupling. The
configuration is supported by a 70-nm-thick silver
substrate. The main contribution is the optimization of
the nanoribbon width and grating period to increase
graphene absorption. The optimized structure achieves
60% absorption, approximately 26 times the intrinsic
absorption of suspended monolayer graphene.

3. Procedures

The proposed absorber is simulated using COMSOL
Multiphysics based on the finite-element method. Its
optical response is evaluated over the wavelength range
of 400-1800 nm. Because transverse-electric illumination
generates only a weak plasmonic response, a transverse-
magnetic (TM)-polarized plane wave is employed. The
initial structure, with a grating period of 200 nm, is first
examined under normal incidence at 0°. The gold
nanoribbon width is then varied using values of 50, 75,
100, 125, and 150 nm. Subsequently, the grating period is
investigated at 100, 150, 200, 250, and 300 nm.
Absorption spectra and electromagnetic-field
distributions are wused to identify the optimum
dimensions. Finally, the optimized structure is analyzed
at incidence angles of 15°, 30°, 45°, 60°, 75°, and 90° to
determine its angular stability.

4. Findings

For the initial configuration, the total absorption reaches
approximately 35% at 1250 nm, while about 21% is
absorbed by graphene. The electromagnetic-field
distribution confirms the formation of a localized
plasmonic resonance near the graphene—gold interface.
Variation of the nanoribbon width shifts the graphene
absorption peak over approximately 1000-1700 nm. At a
nanoribbon width of 100 nm, graphene absorption is
about 22%. Reducing the width to 50 nm increases
absorption to approximately 46%, nearly 20 times that of
suspended graphene. This enhancement results from
stronger electromagnetic-field concentration between
adjacent nanoribbons and graphene. Changing the grating
period shows that the highest absorption occurs at 100
nm. Accordingly, the optimized structure has a
nanoribbon width of 50 nm and a period of 100 nm,
providing 60% graphene absorption at approximately
1650 nm. Angular analysis also shows that absorption
remains above 57% for many investigated angles.
Changes in incidence angle produce only minor
variations in the absorption peak, demonstrating low
angular sensitivity.

5. Conclusion

The results demonstrate that a gold nanoribbon grating
can considerably enhance the near-infrared absorption of
monolayer graphene. Optimizing the nanoribbon width
and periodicity increases absorption from the intrinsic
value of 2.3% to 60%. The resonance wavelength can
also be controlled through geometrical variations. High
absorption, wavelength controllability, and low angular
sensitivity make the proposed structure suitable for solar
absorbers, near-infrared and thermal detectors, optical
sensors, energy-harvesting systems, and integrated
photonic devices.
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