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Magnetoplasmonic Dipole Nanoantenna for
Reconfigurable Optical Communications
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Abstract— We numerically show that magneto-optical (MO)
effects in magnetoplasmonic dipole nanoantennas, built by
plasmonic ferromagnetic materials, enable active beam steering of
the radiated fields. Our design, working at the visible wavelength
A = 690 nm, is promising for applications in intra- and inter-chip
reconfigurable optical nanolinks for future 6G communication
networks.
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I. INTRODUCTION

The future deployment of 6G technologies will require ultra
high transmission rates and very low end-to-end latency [1]],
to avoid information bottlenecks, where the transmitters and
receivers must process thousands of terabits per second
(Tbps). Therefore, faster and more robust on-chip devices
will be required for successful massive data processing. A
promising approach to support the elevated speed rate and,
simultaneously, provide higher on-chip integrability is the use
of plasmonic technologies [2]. In contrast to conventional
photonic-nanoelectronic approaches, where minimum sizes
are limited by diffraction laws and interconnection delays,
plasmonic fields provides remarkably data rates and extreme
miniaturization for on-chip optical communications.

Plasmonics refers to the technological exploitation of the
resonant coupling of electromagnetic waves to collective
free-electron oscillations on metallic surfaces. In particular,
plasmonic nanoantennas for optical wireless broadcasting at
chip-scale are deserving attention to surpass optical absorption
from waveguides, providing new paths for future nanoscale
wireless interconnections [3]]. The physical principle behind
plasmonic nanoantennas lies in radiating localized surface
plasmon resonances (LSPRs) supported by finite nanometer-
scale metallic structures. Significantly, these nanostructures
can be designed analogously to conventional radio frequency
(RF) antennas, but tailored to operate at optical frequencies.
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Fig. 1: Schematic of the magnetoplasmonic dipole nanoantenna.

Indeed, this approach has been successfully applied in various
context, including communications, medicine, quantum sources,
sensing, photovoltaics, optical computing, spectroscopy, and
many others [4].

Although magneto-optical (MO) effects are receiving at-
tention for new active nanophotonic devices [5]], there is
a lack of application in optical nanoantennas for wireless
communications. In this paper, we numerically demonstrate
(for the first time) that the radiated field from a half-wave
dipole nanoantenna can be actively manipulated using applied
magnetic fields. We hope that results from this work stir
significant interest to develop new mechanism for beam steering
in future nanoscale optical communications.

II. DESIGN AND MODELING

Figure [I{a) schematically shows the magnetoplasmonic
dipole nanoantenna. The device is built by ferromagnetic cobalt-
silver alloy (CogAgg4), embedded in silica (SiO3). We use a
s-polarized wave (in our case, Ei,. = Eye*”’““cz) impinging
on the nanoantenna, properly designed to exhibit the desired
LSPR. Each dipole arm has a length Lg, width ¢ and height
t, and a gap g between the arms, totalizing a dipole length /4.
As indicated in Figure Ekb), the scattered wave can be steered
according to the magnetization direction on the structure, as
illustrated with the red, blue and green arrows.

In contrast to the RF domain, where a half-wave dipole
antenna has a length of \/2, metallic nano-components cannot
be considered perfect conductors at the optical regime [2].
In fact, the resonance wavelength of a dipole nanoantenna is
strongly dependent on the material building permittivity and
geometrical designs. An useful parameter to guide the design
of optical dipole nanoantennas is the effective wavelength,
defined as Aeg = a + b(A/Ap) [6], where @ and b are factors
determined by the metallic properties and the surrounding
media, A is the incident wavelength and A, is the plasma
wavelength. Moreover, due to the intrinsic MO activity of the
CogAgyy building material, the anisotropic permittivity tensor
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Fig. 2: Near-fields for (a) M, = —1 and (b) M, = +1, whilst
in (c) is observed the cross-sections efficiencies along the
wavelength.

of the nanoantenna is represented by [7]:

€CosAgos 0 0
ECogAgos — 0 €CogAgos Zsszz , (D
0 _ZgzyMI €CogAgoa

where the diagonal components are isotropic, whereas the
off-diagonal values depend on the magnetization amplitude
and direction along the x-axis. Remarkably, the beam steering
is only allowed for M, = =1, in relation to Figure [T} The
permittivity values (for A = 690 nm) used in the simulations
are €CogAge, = —12.083 +41.766, €y, = €,y = —3.126 —
i2.032 [8] and esi0, = 2.163 [9].

The numerical results were obtained using finite element
method (FEM) simulations with the commercial software
COMSOL Multiphysics®. An optimized mesh-size was also
used for accurateness in the numerical results. Finally, to avoid
numerical reflections at the edge of the structure, we used
perfectly matched layers (PMLs) on all boundaries.

IIT. RESULTS AND DISCUSSION

The geometry of the structure was numerically optimized
to work at A = 690 nm, i.e., where the maximum extinction
(0ext) cross-section (the sum of the scattering (o4c,) plus the
absorption (o,ps) cross-sections) is achieved. The optimization
was carried out through a numerical swept of /3 for the half-
wave dipole, finding Iy = 84 nm, Lqy = 37 nm, g = 10 nm
and ¢ = 30 nm for this case.

Figures (a)-(b) show the near-fields of the normalized
scattered electric field Ezca, for M, = —1 and M, = +1,
respectively. Calculations were made for A = 690 nm, where
the maximum for gext, Osca, and oaps 1S found, as seen from
Figure |ch). Although a detrimental behavior o,ps > 0gca 18
observed, due to the optical losses from the CogAgg, material,
the high-level of optical beam steering noticed from Figure [3|
indicates a new way for active wireless optical communications
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Fig. 3: Azimuthal 2D normalized far-field for M, = 0 (black
solid), M, = —1 (red dotted) and M, = +1 (blue dashed)
curves. A far-field steering of £15° (M, = £1) is observed.

at the chip-scale level. This last figure comparatively shows the
2D normalized azimuthal radiation patterns for M, = 0 (black
solid), M, = —1 (red dotted) and M, = +1 (blue dashed).

IV. CONCLUSIONS AND OUTLOOK

Summarizing, we demonstrated a new concept for active
beam steering from magnetoplasmonic dipole nanoantennas.
The simultaneous ferromagnetic and metallic properties of
CogAggs were used for active manipulation of the radiated
field. Our idea has potential applications in the design and de-
velopment of reconfigurable inter-/intra chip wireless nanolinks
for future 6G integrated optical networks devices.
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