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Abstract

The plane wave scattering on graphene micro-disks is in-
vestigated numerically in the present work. Initially, the
propagation properties of the supported surface waves on
the 2D material are studied theoretically. Then, the plas-
monic resonant frequencies of a circular graphene scatterer
are identified via the broadband analysis of the absorption
cross-section. Finally, the radar cross-section of the same
setup is examined, indicating that the resonant frequencies
are optimal for forward propagation, thus enabling the ef-
fective beam manipulation.

1. Introduction

Several years have passed since the first report of a sta-
ble graphene layer, but various different aspects regarding
this truly 2D material are still challenging. Specifically,
the capability of graphene to support surface waves at the
far-infrared regime has enabled the design of various de-
vices [1]. However, the theoretical analysis is limited on
infinite layers, while numerical solvers are required for the
characterization of plasmonic waveguides [2, 3].

This paper focuses on a circular graphene scatterer to
identify its resonant frequencies. This is achieved through
the absorption cross-section numerical examination of a
plane-wave that propagates towards our device. Moreover,
the radar cross-section is investigated at various frequen-
cies, indicating that forward propagation is maximized at
resonances. This knowledge is important since an effective
beam manipulation is enabled via the appropriate combina-
tion of graphene scatterers on 2D arrays [4].

2. Theoretical aspects and setup
2.1. Graphene surface conductivity

In our work, graphene is considered as a thin layer, charac-
terized via its surface conductivity og,. The latter depend
on the chemical potential y., the scattering rate I' , and the
temperature 7" and it is evaluated by the compact expres-
sion resulting from the Kubo formula [5], involving only
the dominant, at the far-infrared spectrum, intraband term:
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Figure 1: Linearly polarized plane-wave propagating to-
wards a graphene circular scatterer.

2.2. Surface wave propagation properties

The propagation properties of the surface wave onto
graphene are evaluated via the complex wavenumber k,
that is extracted via [6]:
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with kg and 7o the free space wavenumber and wave
impedance, respectively. An additional, more intuitive fea-
ture of the SPP wave is its wavelength Agpp that is related
to kp via Agpp = 271'/%{]43;;}

2.3. Setup description

The main device of this work is a circular graphene scat-
terer of radius r, as depicted in Fig. 1. The selection of
such a simple apparatus initiates from its symmetrical con-
figuration. Therefore, the scattering effects are independent
of the plane wave polarization that is propagating perpen-
dicularly to the surface.

3. Numerical Analysis
3.1. Computational setup

Our setup is investigated using the popular FDTD method,
and the computational domain is divided into 100 x 100 X
400 cells with Ax = Ay = Az = 2 um. Moreover, a time-
step of At = 3.8fs is selected and open boundaries are
terminated with an 8-cell perfectly matched layer. The sim-
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Figure 2: Absorption cross-section of graphene circular
scatterers with different radii.
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Figure 3: Distribution of the normal, to graphene disk, elec-
tric component at different resonance frequencies.

ulations are conducted within the range 0.5 — 3 THz, where
graphene plasmonic waves are strong, while the radius of
the circular scatterer varies from r = 20 um to 60 pm.
Finally, graphene parameters are set to I' = 0.1 meV and
the chemical potential varies from low to moderate values,
specifically 0.1 — 0.3 eV.

3.2. Numerical results

Initially, the broadband absorption cross-section (ACS) is
extracted for the graphene disks. This operation facilitates
the identification of the resonant frequencies since the ACS
peaks highlight the regions of increased absorption. The
numerical results for the involved graphene disks are de-
picted in Fig. 2 and it is evident that various resonances are
present. Moreover, their number increases with the radius.

Interestingly, the first mode appears at the frequency
that Agpp is equal to the disk’s circumference. Addition-
ally, the subsequent modes are at r = mnAgpp/4 with
n = 3,5,7,.... The electric field distribution at the res-
onant frequencies, in Fig. 3, indicates that the first mode is
concentrated along the edge of the disk, while the higher-
order ones are stronger at its interior.

Finally, the radar cross-section is sketched in Fig. 4 for
the graphene disk with » = 40 um. Although the back-
scattered wave is independent of the frequency, the for-

120

150 -

—1.95 THz
— — 2.26 THz
2.54 THz

210 330

240 300
270

Figure 4: Radar cross-section of a graphene circular scat-
terer (r = 40 um) at different frequencies.

ward scattering differentiates. Specifically, at the resonant
frequencies, 1.95 THz and 2.54 THz, the initial direction
is preserved, in contrast to the non-resonant ones that the
plane-wave is scattered sideways.
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