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Abstract

Introduction

In the last two decades, we assisted to an exponentially increasing interest in nanometallic
objects based on plasmonic resonances due to a huge range of applications such as surface
enhanced fluorescence [1], surface enhanced Raman scattering [2], solar cells [3], and
nanomedicine [4]. However, metals suffer from large resistive heating losses in the visible and
near-infrared (near-IR) wavelength range, which limit device performance [5,6]. In contrast to
plasmonic antennas, the optical response of dielectric particles does not suffer from ohmic
losses and can exhibit both strong electric and magnetic optical resonances in the visible and
near-IR wavelength range [7,8]. These optical properties make all-dielectric nanoantennas a
unique opportunity for the study of nonlinear optical effects generated from both electric and
magnetic resonances [9].

Use of COMSOL Multiphysics®

We investigated the scattering characteristics of A10.18Ga0.82As cylinders at near-IR
wavelengths by using Frequency Domain (FD) simulations in the Wave Optics Module. We run
FD simulations using either a plane wave excitation or an electric dipole point source. The
scattered field was finally decomposed in a multipolar expansion [9].

In order to investigate the SHG phenomenon, we used the nonlinear polarization induced by ¥ (2)
as a source in subsequent FD simulations. First we solved the linear electromagnetic problem at
the fundamental frequency (FF). Then we used the calculated fields to define the SH source as
external current density and solved the problem at the second harmonic (SH) frequency wSH, in
analogy to [10]. The i-th component of the external current density Ji was expressed as

Ji = j*0wSH*e0*Y(2)*EFF j*EFF k , i#j=k

where €0 is the vacuum permittivity and EFF .1 1s the i-th component of the electric field at the
FF.

Results

The scattering efficiency calculated for a cylinder suspended in air with radius r=225 nm and
height h=400 nm is shown in Figure 1. The resonance observed at A=1640 nm is a magnetic
dipole resonance, as it can be inferred from the electric field distribution shown in Figure 1. By
increasing the cylinder radius, the resonances red-shift in wavelength (see Figure 2).



The calculated SHG efficiency for a cylinder suspended in air is shown in Figure 3. The
maximum SHG efficiency is obtained for a pump wavelength of A=1675 nm. This is due to the
presence of a mode with a significant spatial overlap with the pump mode.

Figure 4 provides the SHG efficiency as a function of pump wavelength and cylinder radius. The
peak wavelength of SHG efficiency red-shifts as the radius of the cylinder is increased,
following the resonant mode at the emission wavelength that was found to have a good overlap
with the magnetic dipole resonance.

Conclusion

We reported the design of AlGaAs nanoantennas. We showed that by varying height and radius
of the nanodisk we could obtain a strong magnetic dipole resonance in the near-IR wavelength
range. We predicted a SHG efficiency larger than 10-3 from a single nanodisk using a pump
intensity of [0=1GW/cm?2 at a wavelength of 1675 nm.
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Figure 1: Scattering efficiency as a function of wavelength, calculated for r=225 nm and h=400
nm. A schematics of the AlGaAs cylinder with the incident field and the cross section of

normalized IEl in the x-z plane through the axis of the cylinder are shown in the inset. The arrows
represent E in the same x-z plane.
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Figure 2: Scattering efficiency as a function of wavelength and cylinder radius for a constant
height h=400 nm for cylinders suspended in air
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Figure 3: SHG efficiency as a function of pump wavelength for a cylinder with r=225 nm,
h=400nm suspended in air and pump intensity [0=1GW/cm2. The normalized IESHI on a cross
section in the x-z plane at the center of the cylinder is shown in the inset.
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Figure 4: SHG efficiency as a function of pump wavelength and nanodisk radius. The magnetic
dipole resonance (MD) and the resonant mode at the emission wavelength (SH) are outlined with
a dotted white and magenta line respectively.



