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Fig. 1. Schematic diagrams of Si R-Au SR nanoantenna
with the geometrical parameters in (a) three-dimensional

(3D) and (b) two-dimensional (2D) Cartesian coordinate

systems.
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Fig. 2. Distributions of electric and magnetic fields at focal plane for tightly focused APB: (a) Electric field; (b) magnetic field; (c)
in-plane component of magnetic field; (d) longitudinal component of magnetic field. The black arrows represent the distribution of

polarization and white dot line regions denote the nano-structure.
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Fig. 3. Scattering spectra of (a) Si ring and (d) Au split ring excited by tightly focused APB, magnetic field distributions of the up-
per surface (z = 50 nm) for (b) Si ring and (e) Au split ring at their resonant peaks (the current density distributions denoted by
the black arrows), and far-field scattering patterns of (c) Si ring and (f) Au split ring, respectively.

135201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 13 (2022)

135201

HR, TSI R REFR-TT 11 4 BRGNSk 45 4
FE BT A A 0] S EORIE T WU G I R
R HEAT A0 HT . BERR-TT 11 4 BRAN K 4540 1 LS Ol
TEUE 4(a) HIILIZ TR, A 4(a) AT LA H,
T REFRFIT 1 4 PR RE M A B =R G, 7R
1+ 790 F1 1200 nm A B A LRI, 435050 T
A 2R 11 S R BB A 2 1263138 ] 4(b) FAT 4(c)
A3 TS5 R (2 = 50 nm) 7E S EE AN
BB AL RGN 43 (H,) 3% 18] R 3 285
(Fi S B 434 . da & 4(b) T 4(c) /T%0, B
B AL EEAFITE OV &R W B A R, e
H PR (IR v T A AR A RE R R 1 4 38
TR R T T AR R], G AR T A S AR AL TR )
BN, B 4(d) 45 gk 254 32T (2 = 50 nm)
TEP K X = 1064 nm ARSI 435 (H,) FIk
AT FL O %85 B (7 Sk /R ) 43, LR Ot 43 A B 42 i
BRI KA T L, TR BT W A
T ZEAAEXTRR, VAR TS5 48 P R A T2
KFF O G A Rl

[
DN

[ (2@ ----. Fitting

Simulation

Scattering/arb. units
o
[=2]

0OF
600 800 1000 1200 1400
Wavelength /nm

4 (a) BEFR-TF 114 FRGK S5 4 1 B (20 2% ) R4
PRI (B B LR ); (b) B 790, (c) 1200 1 (d) 1064 nm
Ak 25 F E R (2 = 50 nm) RES N S (H,) 26 (77
S22 7R L UL BE )

Fig. 4. (a) Calculated (red line) and fitted scattering spec-
tra (blue dashed line) of the nanostructure. Magnetic field
distributions of upper surface (z = 50 nm) for nano-struc-
ture at (b) 790, (c) 1200 and (d) 1064 nm, respectively (the
white or black arrows represent the current density distri-

butions).
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Fig. 5. 3D far-field scattering patterns of Si R-Au SRN at
(a) the anti-bonding mode, (b) the bonding mode, and (¢) A =
1064 nm.
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Table 1.  Fitting coefficients of coupled-oscillator model for scattering spectrum of Si R-Au SRN excited by tightly fo-

cused APB.
E 214 w;/eV wy/eV "1/eV Yo/eV n/eV ny/eV g/eV E,/eV Iy/arb.units
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Fig. 6. (a) Amplitude ratio and (b) phase difference of the
two modes as a function of the wavelength for the Si R-Au
SRN.
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Fig. 7. 2D far-field patterns on zy plane for Si R-Au SRN with different values of (a) the width of Si ring and (b) the distance
between the centers of Si and Au rings. Changes of amplitude ratio and phase difference of the anti-bonging and bonding modes

with respect to (c) the width of Si ring and (d) the distance between the centers of the two rings.
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source and the Si R-Au SRN excited with the dipole source; (c¢), (d) 2D far-field patterns on zy and zz planes of the Si R-Au SRN
excited by the dipole source and APB, respectively.
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Abstract

Unidirectional scattering of various plasmonic nanoantennas has been extensively studied, giving birth to
applications such as in optical sensors, solar cells, spectroscopy and light-emitting devices. The directional
scattering of magnetic nanoantenna is still unexplored, though it is beneficial to artificial magnetism
applications including metamaterials, cloaking and nonlinear optical resonance. In this work, we numerically
investigate the far-field scattering properties of the Si ring-Au split ring nanoantenna (Si R-Au SRN) excited by
a tightly focused azimuthally polarized beam (APB) through using the finite-difference time-domain (FDTD)
method. The results show that the magnetic resonant peaks with different widths can be deterministically
excited in Si ring and Au split ring by tightly focusing APB. Owing to the plasmon hybridization effect, the two
magnetic resonant modes form antibonding mode and bonding mode in the Si R-Au SRN. At a wavelength of
A=1064 nm, the destructive interference between the antibonding mode and bonding mode of nanostructure
results in unidirectional far-field scattering in the transverse plane, which is affected dramatically by changes of
geometrical parameters. Furthermore, the directional scattering of a dipole source is realized by the designed
nanostructure, and its scattering directionality is superior to that excited with APB. Our work provides a
flexible way to control the far-field scattering of nano-photon structures. We expect that this study can provide

an avenue to the nano-light sources and optical sensors.

Keywords: directional scattering, magnetic dipole mode, plasmon hybridization, split ring resonator

nanostructure
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