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A B STR ACT

When a metallic U-shaped nanoantenna (split ring resonator) is observed from its sides, variations in the viewing angle can lead to signifi-
cantly different size and shape projections. In this study, we demonstrate that plasmonic metasurfaces consisting of arrays of such nanoan-
tennas can support unique side (in-plane) scattering switching and routing processes. These processes encompass a polarization switching
centered at 1.6 μm, which is driven by the coherent excitation of the nanoantennas’ multipolar modes. They also include spectrally broad-band
(0.5–1.6 μm) directional control of the flow of in-plane light scattering. Such a process includes a total prohibition of light emerging from one
side of the metasurface for a given polarization of the incident light. However, when such polarization is rotated by 90, the flow of the in-plane
scattering opens with high efficiency. We further discuss the impact of the formation of surface lattice resonance on the coherent
amplification of infrared scattering around 1.6 μm and its switching process. The results underscore the influence of variations in asymmetry,
associated with the sizes and shape projections, on interference processes. They also showcase how in-plane scattering has the capacity to
transfer distinct characteristics of plasmonic near-field asymmetries induced by optical fields into far-field scattering.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0155031

I. INTRODUCTION

A key application of structural variations of meta-atoms in
plasmonic metasurfaces is control of their optical phase distribu-
tions and electromagnetic properties.1–5     Previous reports have
shown that this feature can be used to envision broadband aniso-
tropic optical elements,1 novel waveplates,2,3 aberration-free ultra-
thin flat lenses at telecom frequencies,4     and generation of
birefringence.5 U-shaped nanoantennas or split ring resonators
(SRRs) have unique structural forms, making them suitable for har-
vesting resonant multipolar plasmonic resonances and control of
emission properties of quantum emitters.6 Such nanoantennas have
also been studied for applications such as enhancement of second
harmonic generation7,8 and generation of mid-infrared chirality
when combined with graphene gratings.9 A recent report has also
shown that tilted U-shaped nanoantennas can support chirality.10

The design of meta-atoms’ geometric properties enables
control over the optical responses of plasmonic metasurfaces,
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including their far-field scattering. Far-field scattering is a crucial
process for extracting information about near-field properties, plas-
monic phase, multipolar interference processes, and for envisioning
various device applications.2 However, when far-field scattering is
detected at normal or oblique angles with respect to the metasurfa-
ces’ planes, it provides access to only limited classes of multipolar
plasmonic phase and interference paths. The situation changes sig-
nificantly when observing the meta-atoms or plasmonic nanoan-
tennas from their sides, along the planes of their arrays [Fig. 1(a)].
In-plane scattering has previously been utilized to study spin
control of quantum dot emissions,6 polarization control of uni-
and bidirectional scattering,11,12 directed emission via multipolar
interferences,13 polarization optical switching via surface lattice res-
onances,14 and the formation of plasmonic super-cells associated
with arrays of paired V-shaped nanoantennas.15 The potential of
side scattering becomes more evident when considering the impact
of symmetry variation associated with the projections of nanoan-
tenna shapes as viewed from the sides [Fig. 1(a)]. In-plane
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FIG. 1. (a) Schematic of the in-plane polarization switching via arrays of SRRs.
(b) and (c) show the states of the spectrally localized optical switching at about
1.6 μm and those of the broadband visible to infrared, respectively.

scattering is expected to be strongly influenced by these side-view
projections, resulting in a wide range of plasmonic multipolar
phase and coupling categories, as well as position-dependent inter-
ference processes.

The objective of this paper is to investigate the impact of sym-
metry variations associated with the shape and size side-view pro-
jections of periodic arrays of Au SRRs on their in-plane scattering
in the visible to infrared range (450–1650 nm). As depicted sche-
matically in Fig. 1(a), a linearly polarized broadband light source
illuminates the sample at a normal angle. We demonstrate that
these arrays can facilitate infrared optical switching at approxi-
mately 1.6 μm by enabling enhanced access to the coherent super-
positions of multipolar plasmon resonances. This spectrally
localized optical switching is unidirectional and is driven by collec-
tive modes of the lattice. As illustrated in Fig. 1(b), this process
occurs when in-plane scattering is detected along the x-axis, and
the incident light polarization alternates between L+45 and L45
(where L+45 and L45 correspond to linear polarization axes at 45
and 45       with respect to the x-axis, respectively).
Furthermore, our results reveal that when in-plane scattering is

detected along the y-axis [Fig. 1(c)], a broadband optical routing
process takes place within the range of 0.5–1.6 μm. This process
occurs when the incident light polarization switches between L0 and
L+90 (where L0 and L+90 represent linear polarization along the x-
axis and y-axis, respectively). For L0, no light flows along the y-axis
of the array, resulting in an OFF (dark) state. However, when
polarization switches to L+90, the flow of light from this side
becomes highly efficient. These findings emphasize the complete
suppression of scattering through interference processes between
various multipolar modes and the ability of in-plane scattering to
transfer near-field asymmetries induced by optical fields into far-
field scattering.

II. METH O D S  A N D  EXPERIMENTATION

Samples consisting of arrays of Au SRRs were fabricated using
E-beam lithography on glass substrates. Figure 2(a) shows the
topview of a scanning electron microscopy (SEM) image of such
samples. The lattice constant along the x-axis (ax) and the y-axis
(ay) of arrays were 1.5 and 1 μm, respectively. The two arms of the
SRRs had length (Ll) of about 330 nm [Fig. 2(b)], their lengths
along the x-axis (L) were 990 nm, and their heights were about
40 nm. The extinction spectra of such a structure when the incident
light reaches the samples at normal angle with polarization along
the x-axis (x-pol) and y-axis (y-pol) are shown in Fig. 2(c). The
results show that for x-pol (solid line), the spectrum supports two
peaks, one at about 822 nm (peak A) and the other at 1180 (peak B).
For y-pol (dashed lines), the arrays support a peak at about 790 nm
(peak C) and another one at about 1425 nm (peak D).

To analyze the impact of phase and multipolar modes dictated
by viewing the sample from the side, we spectrally and locally
analyze the in-plane scattering of the arrays. For this, we used an
optical setup consisting of a broad white light source passing a
linear polarizer and then a microscope objective (objective 1) to
focus the light on the samples with a given polarization [Fig. 2(d)].
The scattered light was then collected by a second microscope
objective (objective 2). As schematically shown in Fig. 2(d),

FIG. 2. (a) Top view SEM images of the SRR array. (b) Schematics of the lateral sizes of a single SRR. (c) Extinction spectra of array for x-pol (solid lines) and y-pol
(dashed lines). (d) Schematic of in-plane scattering configuration. The red scale bar in (a) is 1 μm.
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objective 2 was moved along the edges of the substrates of the
arrays, mapping the in-plane scattering at different positions. The
range of movement of this objective was between 0 and 20 mm, i.e.,
the whole length of the sides of the glass substrates supporting the
arrays. The angle of polarization of incident light (β) was measured
with respect to the x-axis [Fig. 2(d)]. To analyze the plasmonic
modes of the SRR array, we analyze their mode properties using
finite difference time domain (FDTD) simulation method. For this,
we used the Device Multiphysics Simulation Suite of Lumerical
software (2020a version).

III. MO D E  C H A R AC T E R I Z AT I O N

The optical features seen in Fig. 2(c) can be associated with
the multipolar plasmonic modes of SRRs and the impact of their
arrays,     including     formation     of     surface     lattice     resonances
(SLRs).16–18 To characterize these features, we studied the extinc-
tion spectra of the SRR arrays when they were rotated along the
x- and y-axes. Under these conditions, the angle between the
normal to the surface of the array and the incident light (θr) was
changed. Figure 3(a) shows the results when the sample was
rotated along the y-axis, and the incident light was polarized along
the x-axis (x-pol). Here, curves highlighted with lines 1–5 refer to
the extinction spectra of the arrays for θr ¼  0, 10, 15, 20, and 25,
respectively. These results show that peak A seems to become
broadened with some indications of splitting. On the other hand,
peak B undergoes blue shift with strong amplitude suppression. In
fact, when θr ¼  15 (line 3), this peak disappears. When the axis of

the rotation remains unchanged but the incident light becomes
polarized along the y-axis (y-pol), peaks C and D are mostly red
shifted. In the case of peak D, however, the amplitude remains
resilient (squares). In contrast to the cases presented in Figs. 3(a)
and 3(b), when the axis of rotation is along the x-axis, for x-pol, we
mostly see amplitude suppression for peaks A and B, without
major wavelength shift [Fig. 3(c)]. For y-pol, however, one can see
a clear doubling of peak C and red shift of peak D accompanied
with strong amplitude suppression.

The results associated with peak C can be analyzed by consider-
ing the fact that when the incident light reaches the sample at a
normal angle, the resonant modes of the lattice (Rayleigh anomaly
modes) degenerate. However, at oblique angles, these degeneracies
are lifted, resulting in a spectral gap that increases with the incident
angle.18–20 These modes can be investigated by analyzing the changes
in the extinction spectra as the samples are rotated. Specifically, at
around 800 nm, as illustrated in Fig. 3(d), distinct diffractive modes
are observed, characterized by the appearance of peaks centered at
this wavelength (squares and circles). To analyze this further, the var-
iations of the wavelengths of the Rayleigh Anomaly (RA) modes with
the incident angle can be expressed as follows:

λRA ¼  
m

[n +  sin (θr)]: (1)

Here, a refers to the lattice constant of the array (ax or ay), θr is the
incident angle, n is the refractive index (nsub for the substrate, and
nsup is the superstrate), and m to the order of the diffraction. Judging

FIG. 3. Evolution of the extinction spectra of SRR arrays when the axis of rotation is y-axis [(a) and (b)] and x-axis [(c) and (d)]. In (a) and (c), the incident light is polar-ized
along x-axis and in (b) and (d), along the y-axis. The plots highlighted with numbers 1–5 represent the extinction spectra for θr ¼  0, 10, 15, 20, and 25, respectively.
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FIG. 4. (a) Results of calculation of RA wavelengths. (b) Schematic of the system structure used for simulation of the extinction spectra of the SRR array. (c) Simulation results
for the extinction spectra for x-pol (solid line), y-pol (dashed line), and L+45 (dashed-dotted line). (d)–(f ) Modal field enhancement factors in the x–y plane at 727 (circle),
787 (peak A0), 1106 nm (peak B0), respectively, when the incident beam is polarized along x-axis. The vertical color-coded bar refers to the range of the field enhancement
factor.

by the values of ax ¼  1:5 and ay ¼  1 μm, we can associate the split-
ting seen in Fig. 3(d) (peak C) with SLR having second order diffrac-
tion m ¼  2. The results of calculations of variations λRA     as a
function of θr are shown in Fig. 4(a). Here, the solid and dashed
lines refer to λRA for (2,+) and (2,) modes. The circles and squares
correspond to the wavelengths highlighted with circles and squares
in Fig. 3(d). To obtain λRA, we assumed nsup=1, i.e., diffraction
occurs in air (superstrate).

To further explore the mode properties of the SRR arrays and
the impact of the lattice coupling, we numerically studied the near
field mode profiles of arrays for the resonances seen in the extinc-
tion spectra. This was done considering a SRR with similar dimen-
sions as in the samples and with periodic boundary conditions
along the x- and y-axes. The substrate was modeled as glass, and
the superstrate was air, reflecting the experimental conditions. The
incident light was assumed to illuminate the structure from the top
[Fig. 4(b)]. The incident light reached this structure from the top
[Fig. 4(b)]. Figure 4(c) shows the results of simulation for the
extinction spectra for x-pol (solid line), y-pol (dashed line), and L
+45 (dashed-dotted line). The L45 spectrum was found to be
identical to that of the L+45. Comparing with the experimental
results shown in Fig. 2(c), the results in Fig. 4(c) for x-pol and
y-pol show the main features, although lack of inclusion of edge
roundness, shapes and size fluctuations have led to some discrepan-
cies. Figures 4(d)–4(f ) show the modal field enhancement factors,
defined as the field intensity in the presence of the nanoantennas
arrays to that in their absence, for x-pol at different wavelengths.
These results suggest distinct longitudinal multipolar plasmonic
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modes at 727 nm [Fig. 4(c), circle]. At the peak at about 787 nm
(peak A0), this feature is replaced with transverse modes of the
arms of the SRRs [Fig. 4(e)]. At 1106 nm (peak B0), both the trans-
verse and longitudinal plasmonic modes of the arms and bases of
the nanoantennas are excited [Fig. 4(f)].

For y-pol, as shown in Fig. 4(c) (dashed line), the simulation
results suggest two major peaks at 712 (peak C0) and 1424 nm
(peak D0). At 1787 nm also we see an optical feature (square),
which is beyond the range of our spectroscopy system. Peak D0 is of
particular interest since it is associated with peak D in Fig. 2(c).
Figure 5 shows the modal field enhancement at 666 (a), 1272 (b),
1474 (c), and 1787 nm (d) in the x–y plane for y-pol. Similar to the
case of Figs. 4(d)–4(f ), this plane passes through the middle of the
nanoantenna heights, i.e., 20 nm from the substrate. The modes at
1424 and 1787 nm are of particular interest here. The results in the
case of 1424 (peak D0) suggest mode bending at the corners and
middle of the base of the SRRs [Fig. 5(c)]. Figures 5(e) and 5(e0)
show the modal enhancement factors at this wavelength in the x–z
and y–z planes, respectively. These planes are perpendicular to
the x–y plane, crossing it along the x- and y-axes, as indicated
with arrows in Fig. 5(c). The results show that along the x-axis,
the modes are coupled optically via superstrate [Fig. 5(e)]. Optical
coupling between the nanoantennas also occurs along the y-axis
[Fig. 5(e0)]. This suggests that peak D0 is associated with optical
coupling of the SRR modes. Around the wavelength of the feature
seen at 1787 (square), the situation is rather different. As seen in
Fig. 5(d), for this case, in the x–y plane, the field is more concen-
trated inside the SRRs and modes at the edges are weaker.

133, 223104-4
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FIG. 5. Modal field enhancement factors in the x–y plane for y-pol at 666 (a), 1272 (b), 1472 (c) and 1787 nm. (e) and (f) show the field enhancement factors in the x–z plane
at 1424 and 1787 nm, respectively. (e0) and (f0 ) show the field enhancement factors in the y–z plane at 1424 and 1787 nm, respectively. In (a)–(d), one unit cell is shown, but
in (e)–(f0 ), two unit cells are considered. The vertical color-coded bar refers to the range of the field enhancement factor. The arrows in (c) and (d) refer to the intersections of
x–z [(e) and (f)] and y–z planes [(e0) and (f0 )] with the x–y plane.

Additionally, along the x-axis (x–z plane) and y-axis (y–z plane),
as seen in Fig. 5(f 0) and 5(f 0), mostly the transverse modes associ-
ated with the base penetrate deeply into the superstrate, indicating
lesser level of collective excitation.

The results shown in Fig. 4 indicate that for x-pol, beyond
1100 nm, i.e., peak B0, no major mode occurs. For the case of y-pol,
however, as seen in Fig. 5, the two major modes happen in the
infrared range, one at 1424 (peak D0) and 1787 nm (square).
As expected for both cases, however, the plasmonic modes were
symmetric along the y-axis. The situation changes significantly
when the incident light has L+45 and L45 polarization. To see this,
we carried our simulation under the same conditions as those in
Figs. 4 and 5 but the cases when β ¼  45 and 45 [Fig. 2(c)]. Figure
4(c) (dashed line) shows the results for the extinction spec-trum of
L+45, which were found to be identical to that of L45. The near
field inspection of L+45 and L45, however, offers two different
perspectives. To see this, in Fig. 6, we show the modal field
enhancement at four wavelengths (numbers in legends in nm).
Here, (a)–(d) refer to the case of L45 and (a0)-(d0) to that of L+45.
The results suggest that although the extinction spectra of L +45 and
L45 are found to be identical, there are some distinct amounts of
asymmetries in their near fields. For the cases of 747 [peaks E0 in
Fig. 4(c)] and 1151 nm (peak B0), the results suggest a

J. Appl. Phys. 133, 223104 (2023); doi: 10.1063/5.0155031
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flipping of the modes from L45 to L+45. Mode flipping can be also
seen at 1424 and 1787 nm. In the case of 1787 nm, however, it is
more pronounced as field accumulation inside of the U-shaped
nanoantennas on the left or right side [Figs. 6(d) and 6(d0)].
Similar to the case of linear polarization, such asymmetry do not
generate any feature in the far field. In Sec. IV, it is shown that
such asymmetries can, however, be carried by far field in-plane
scattering.

IV. I N F R A R E D  UNIDIRECTIONAL IN-P L A N E  OPTICAL
SWITCHING

To investigate how in-plane scattering can provide informa-
tion regarding the near field asymmetry generated by the incident
light polarization, we follow the optical setting highlighted in
Fig. 2(c). For this, objective 2 scanned the whole four sides of the
glass substrate supporting the arrays. The results for in-plane scat-
tering detected along the x-axis within the range of 520–1650 nm
are shown in Fig. 7. Here, (a)–(d) refer to the cases when the inci-
dent light was considered to be polarized along β ¼  45 (L45), 0
(L0), 45 (L+45), and 90 (L90), respectively. These results suggest
significant differences in the in-plane scattering intensity and
spectrum as the incident light polarization varies. They show
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FIG. 6. Modal field enhancement factors in the x–y plane for the case of L45 [(a)–(d)] and L+45 [(a0)–(d0)]. The numbers on the left-top sides in each panel refer to the
wavelength in nm.

FIG. 7. The in-plane scattering of SRRs arrays as a function of positions when it is measured along x-axis and the incident light polarization is L45 (a), L0 (b), L+45 (c), or L90
(d). The inset in each figure shows the direction of scattering detection (green arrows) and the axis of polarization of the incident light (double-sided red arrows). The
numbers on the scale bars refer to the detection counts.
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FIG. 8. Similar to Fig. 7 but when the scattering is detected along the y-axis.

FIG. 9. The in-plane scattering of SRRs arrays as a function of positions when it is measured along the y-axis and the incident light polarization is L45 (a), L0 (b), L+45 (c), or
L90 (d). The inset in each figure shows the direction of light detection (green arrows) and axis of polarization of the incident light (double-sided red arrows). The numbers on the
scale bar refer to the detection counts.
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how variations of the side-view projections of the shapes and sizes of
the SRRs and, therefore, nanoantennas asymmetries influence the
phase and multipolar plasmonic contributions to the scatter-ing. A
key observation here belongs to the case of L45, where we can see
a strong scattering peak at about 1610 nm [Fig. 7(a)]. Switching
of this polarization to L45 dramatically suppresses this peak by about
one order of magnitude [Fig. 7(c)]. This suggests an infrared
directional switching process for 1610 nm. More specifi-cally, such
a process allows spectral extraction of the broad inci-dent white
light into a certain side of the arrays within a relatively narrow
wavelength range.

The results shown in Figs. 7(a) and 7(c) can be related to the
mode profiles shown in Figs. 6(d) and 6(d0). Therefore, they are
indication of the near field asymmetries induced by the L+45 and
L45, causing either near complete destruction of the far field scat-
tering [Fig. 7(c)] or its efficient flow centered at 1610 nm. Such
phenomena can be related to interference processes along the direc-
tion of observation of the far field scattering, i.e., the x-axis.13,21,22

The results for the case when the in-plane scattering was detected
along the y-axis can also provide unique features. Here, the main
outcomes can be inferred from comparison of results for the case
of L0 [Fig. 8(b)] and L+90 [Fig. 8(d)]. These results suggest that

FIG. 10. In-plane scattering detected along the x-axis [(a) and (b)] and along the y-axis [(c) and (d)] for L45 (line 1), L0 (line 2), L+45 (line 3), and L90 (line 4). In (a)
and (c), f  ¼  0 and in (b) and (d), f  ¼  90.

J. Appl. Phys. 133, 223104 (2023); doi: 10.1063/5.0155031 133, 223104-8

Published under an exclusive license by AIP Publishing

https://aip.scitation.org/journal/jap


15 D
ecem

ber 2023 22:56:12
J o urn a l  of

A p p l i e d  P h ys i c s ARTICLE scitation.org/journal/jap

when the SRRs are viewed toward their troughs (y-axis), a wide-
band routing process can happen. In fact for the case of L0,
nearly no light is detected emerging along the y-axis [Fig. 8(b)].
When the incident light polarization switches to L+90, however,
scattering occurs efficiently within the 500–1650 nm range with a
peak at about 1500 nm. This nearly covers the whole spectral range of
the incident white light.

The results in Fig. 8 highlight, again, possible unique interfer-
ence processes happening when the in-plane scattered light is
detected along the y-axis. In the case of Fig. 8(b) a clear destructive
effect in the scattering associated with the multipolar plasmons can
be seen. The contrast between the modes for x-pol (L0) and y-pol
(L+90) are shown in Figs. 4(d)–4(f ) and Figs. 5(a)–5(d), respec-
tively. In the case of L0, no significant mode can be beyond
1100 nm. In the case of L+90, however, pronounced modes can be seen
over the detected spectral range, i.e., 500–1650 nm [Figs. 5(a)–5(d)].
This situation undergoes dramatic changes, if the scattering is
detected along the y-axis. As shown in Fig. 9, when the shape pro-
jections do not contain a significant proportion of the arms of SRRs,
the scattering solely concentrated in around 1000 nm. Under this
condition, polarization optical switching can be seen for the cases of
L0 and L+90 [Figs. 9(b) and 9(d)]. This is rather in contrast to
what is seen in Figs. 8(b) and 8(d), wherein for L0, no scattering
occurs, while for L+90, it becomes efficient.

V. PO L A R I Z AT I O N  C O N V E R S I O N  V IA  SPLIT RING
R E S O N ATO R  A R R A Y S

The symmetric SRRs studied in this paper can be brought into
congruence with a mirror image. A recent report, however, sug-
gested that if the plasmonic multipolar moments of such a struc-
ture is driven by a quantum dot, the spin of the QD emission the
system can be controlled, generating circularly polarized fluores-
cence.6 The key premise of such a process is the resonant excitation
of at least two multipolar moments, causing electric fields with
appropriate phase, directions, and proportions.6 The scattering pat-
terns of the SRR arrays studied in this paper, however, can be
related to the multipolar contributions with phase properties dic-
tated by the size and phase projections of the nanoantennas.

To study these features further, we analyze the polarization of
the in-plane scattering of this array. For this, we put a polarization
analyzer at the back of the objective 2 [Fig. 2(c)], before delivering
the light to the spectrometers. The results are presented in Fig. 10.
Here, f  ¼  0 refers to the case when the axis of the analyzer was
perpendicular to the plane of the array and f  ¼  90 to the case
when it was parallel to this plane. The results shown in Fig. 10(a)
indicate that, when the in-plane scattered was detected along the
x-axis and f  ¼  0, for all incident light polarization (β), the
in-plane scattering spectra have more or less similar spectra with a
peak at about 900 nm (legends show the values of β ). These spectra
also have smaller peaks at about 800 nm. When the analyzer axis is
rotated by 90, i.e., f  ¼  90, as shown in Fig. 10(b), the peak
around 800 nm becomes more distinct, but the majority of scatter-
ing power is now concentrated at about 1000 nm and longer. In
both cases of f  ¼  0 [Fig. 10(a)] and f  ¼  90 [Fig. 10(b)], one can
see the spectra of scattered light for L90 and L+90 are different.
This can be an indication of elliptical polarization.
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Under the same conditions, the polarization states of the
in-plane light scattering along the y-axis seem different. Figure 10(c)
show the vertical component of scattered light component ( f  ¼  0)
for different incident light polarization (β), indicating three main
wavelengths, i.e., 650, 840, and 1025 nm, with distinct features. Here,
however, the spectra associated with β ¼  45     (L+45) and 45
(L45) overlap. Also, judging by the fact, the intensity of scattered
light for β ¼  0 (L0) becomes very small, one can infer this offers a
nearly polarized light. The case of f  ¼  90 [Fig. 9(d)] also offers a
nearly polarized case. Here, however, scattered light is more concen-
trated around 950 nm.

VI. CO N C L US I O N S

We studied application of interference processes associated
with multipolar plasmon resonances in arrays of SRRs for control
and routing of far field scattering in the visible to infrared range.
The main premise of this was to detect the side scattering, rather
than front or back scattering, to demonstrate the profound impact
of size and shape projections of SRRs on the interference processes
in the far field scattering of the arrays. We demonstrated complete
suppression of scattering from one side of the arrays for a given
polarization of the incident light. By changing the state of such
polarization, the flow of scattered light occurs in a broad range of
wavelengths from 600 to 1650 nm. Our results also showed that the
mutlipolar plasmon moments associated with the SRRs can have
an augmented impact on the in-plane scattering, allowing extrac-
tion of incident light spectral content into a narrow optical range
(1.6 μm) from one side of the array. Such outcomes promote
in-plane scattering as a unique carrier for transfer of local asym-
metric nanoantennas near fields into far fields.
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