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Polarization optical switching between supercell states of plasmonic metasurfaces
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We study, experimentally and numerically, in-plane light scattering (side scattering) and near- and far-field col-
lective excitations in plasmonic metasurfaces consisting of periodic arrays of Au V-shaped nanoantennas. Each
unit cell in these arrays includes a pair of such nanoantennas facing each other (<>). We show that, depending on
the polarization of the incident light, such metasurfaces can support two types of supercells (<+ > and > +<).
<+ > is a braket supercell wherein two nanoantennas of the same unit cells are coupled to each other via their
plasmonic fields. When the polarization of the incident light is rotated by 90°, a plasmonic conjugate supercell is
formed (> +<). In this case the plasmon fields couple two V-shaped nanoantennas of the neighboring cells,
supporting a geometrical and near-field coupling process different from < + >. We show that braket and
conjugate supercells support sharp infrared resonances at two different wavelengths, offering a high extinction
polarization optical switching process associated with the transition between <+ > and > +<. Our results
show that while < + > supercells tend to be optically noninteracting with each other, > + < supercells can get
coupled to the lattice modes, spatially extending coherent properties across the arrays. We investigate the in-plane
scattering of these arrays, demonstrating how variations of the charge configuration and phase by the incident

light polarization can be used to coherently control the in-plane scattering of V-shaped nanoantennas arrays.
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I. INTRODUCTION

Plasmonic metasurfaces are appealing hosts for investiga-
tion of many interesting phenomena with useful applications,
ranging from optical devices to quantum photonics and quan-
tum sensors [1-7,7,8]. The key feature of such materials is
their capability to offer unique electromagnetic properties
via variations of shapes and sizes of metallic nanostruc-
tures [9]. One type of metasurface that has gained some
attention recently consists of V-shaped nanoantennas [10,11].
Such nanoantennas induce abrupt phase shifts in their optical
paths, supporting two spatially separated charge oscillation
modes [3]. It has been shown that such nanoantennas can be
used for broadband anisotropic optical elements [8], quarter
waveplates [2,7], negative refractive index [4], and aberration-
free ultrathin flat lenses at telecom frequencies [1].

The prominent aspects of plasmonic metasurfaces can be
further enhanced if their localized plasmonic modes are co-
herently coupled to optical lattice modes. Such a coupling
process has been investigated extensively in arrays of metallic
nanostructures and dielectrics, demonstrating formation of
surface lattice resonances (SLRs) [12]. When SLRs happen,
the plasmonic modes of individual nanoantennas are in phase
with each other, expanding coherent information over the
arrays. Surface lattice resonances are known to have appli-
cations ranging from biological and chemical sensing [13-20]
to excitonic laser systems and multimodal nanolasers [21-23]
and transfer of spin memory to the spontaneous emission of
quantum emitters [24]. Recent reports have also shown
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that SLRs can be supported by coherent excitations of lo-
calized surface plasmon resonances of templated nanoislands
with random shapes and sizes, offering unique avenues for
investigation of coherent networks of dipole domains and
phase-correlated nanoantennas [25-27].

By means of experimental and numerical techniques, in
this paper we study in-plane light scattering (side scattering)
and far- and near-field coupling processes in plasmonic meta-
surfaces consisting of arrays of V-shaped nanoantennas. As
shown in Fig. 1(a), the unit cells of these arrays consist of a
pair of such nanoantennas facing each other (<>). We show
that these arrays can support the formation of polarization-
dependent modes wherein two V-shaped nanoantennas are
coupled to each other with different configurations via the
plasmonic fields associated with the orthogonal modes of
the nanoantennas. These polarization-switchable modes are
associated with the cases wherein two V-shaped nanoantennas
are coupled to each other either face to face, forming a braket
supercell (<+ >), or back to back, generating a plasmonic
conjugate supercell (> +<). We demonstrate that these cells
offer near-unity extinctions at two different infrared wave-
lengths while offering two different categories of plasmonic
coupling and hybridization. Our results also show that the >
+ < supercell can support diffractive optical coupling wherein
the supercells are coupled to the lattice modes, projecting the
possibility of a SLR associated with coherent orthogonal cou-
pling of such supercells. For the case of <+ >, however, the
results suggest nearly complete optical isolation, via lack of
optical diffraction. These results suggest a polarization optical
switching wherein rotation of the incident light polarization
can lead to a transition between > + < and <+ > supercell
states.
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FIG. 1. (a) Schematic of arrays of Au V-shaped nanoantenna, (b) sketch of the experimental setup used to measure in-plane scattering
along the x and y axes, and (c) simulation results for the extinction spectra of the < > arrays with the incident light polarization is along the x axis
(solid line) and y axis (dashed line). The inset in (c) shows the spectra in the wavelength range compatible with the experimental results.

In this paper we also study the in-plane scattering of the
arrays of the V-shaped nanoantennas when the incident light
reaches the samples at normal angles [Fig. 1(b)]. This includes
investigation of far-field scattering of the < > arrays at fre-
quencies wherein the localized multipolar plasmon modes as-
sociated with such nanoantennas are prominently excited. We
study in particular the in-plane scattering efficiency and polar-
ization under different incident light polarization [Fig. 1(b)].
Our results suggest that this provides the possibility of con-
trolling the charge configurations and localized plasmonic
oscillations associated with the arms of the V-shaped nanoan-
tennas. This in turn allows one to control the phase of the in-
plane scattered light associated with each nanoantenna,
offering a unique possibility to manipulate the spectra and po-
larization states of the in-plane scattered light by the incident
light polarization. This is particularly distinct in the case when
the incident polarization becomes parallel or perpendicular to
the arms of the nanoantennas, allowing their longitudinal and
transverse plasmon modes to become dominant.

Note that recent reports have shown unidirectional in-
plane scattering of plane waves by individual V-shaped metal
nanoantennas [28,29]. These reports also include V-shaped
Si nanoantennas, showing broadband transverse light scat-
tering [30]. V-shaped dielectric nanoantennas have also been
used for bidirectional scattering and routing applications [31].
Additionally, recent reports have utilized in-plane scattering
of arrays of nanoantennas to identify radiation associated with
the Brillouin zone edges of metallic nanoantenna arrays [32],
study scattering of gold nanoparticle trimers [33], and explore
directional light scattering by single-element triangular plas-
monic nanoparticles [34].

II. SUPERCELLS IN V-SHAPED NANOANTENNA ARRAYS

We start with the simulation results for the optical re-
sponses of the <> arrays, exploring the concepts of the
supercells and their coherent optical coupling and switching.
For this we used the finite-difference time domain provided by
Device Multiphysics Simulation Suite of Lumerical software
(2020a version). The structural design included, as shown in
Fig. 1(a), a unit lattice cell consisting of two Au V-shaped
nanoantennas (<>) with length L, width W, and height H.

This unit had periodic boundary conditions along the x and y
axes, while a planar white light was considered to reach the
sample along the -z axis. The periodic boundary con-ditions
projected a two-dimensional arrays of <> with the lattice
constants of @, and a,. To be consistent with the ex-
perimental results, simulations were carried out considering L
= 1000 nm and W = 430 nm. The heights of the V-shaped
nanoantennas were considered to be 40 nm, a, = 1.5 pm, and
ay = 1 pm. The mesh sizes were considered to be 2 nm along
the x and y axes and 4 nm along the z axis. The substrate
was considered to be glass, selected from the library of the
software. The superstrate had a refractive index of 1, i.e.,
referring to the case of air.

The results of the simulations for the extinction spectra of
the array when the incident light was polarized along the x
axis (x polarization) and y axis (y polarization) are shown in
Fig. 1(c). These results show that for x polarization two peaks
can be seen, one with small amplitude at about 680 nm and
another one with a high amplitude at 1490 nm (solid line). For y
polarization, however, the shorter-wavelength peak occurs at
about 600 nm and the longer-wavelength peak at 2196 nm
(dashed line). A unique feature of these results is that the
infrared peaks, occurring at 1490 and 2196 nm, support high
extinction values, close to unity. Additionally, the peak at
1490 nm is much narrower than that at 2196 nm. These results
suggest a polarization optical switching process wherein a 90°
rotation of the incident light polarization can lead to a distinct
shift of the extinction peak in the infrared range.

The results for the mode field enhancement profiles, i.e.,
ratio of the squared fields in the presence and absence of the
nanoantennas, in the x-y planes for x polarization are shown in
Fig. 2. These planes were considered to be 20 nm above the
glass substrate, i.e., passing through the middle of the
heights of the nanoantennas. At 680 nm these results suggest
concentration of the near fields at the corners and the sides of
the V-shaped nanoantennas [Fig. 2(a)]. This mode can refer to
quadrupole modes (Qx) of the V-shaped nanoantennas for x
polarization [28,29]. As depicted in Fig. 3(a), one expects that
this mode supports accumulation of charges with opposite signs
at the corner of the V-shaped nanoantennas in the adja-cent
unit cells. Figure 2 suggests that at longer wavelengths this
field configuration changes dramatically. At 1490 nm,

063518-2



POLARIZATION OPTICAL SWITCHING BETWEEN ...

PHYSICAL REVIEW A 106, 063518 (2022)

-1500 750 0 750 1500
X (nm)

-1500 750 0 750 1500

-1500 750 0 750 1500

X (nm)

FIG. 2. Field enhancement mode profiles associated with the results shown in Fig. 1(c) for x polarization in the x-y plane at (a) 680, (b)
1490, (¢) 1510, and (d) 2500 nm. The x-y plane here passes approximately through the middle of the height of the nanoantennas, i.e., 20 nm from
the substrate. The scale bar refers to the amount of field enhancement, which is unitless.

i.e., the wavelength of the infrared peak associated with x
polarization [Fig. 1(c), solid line], one can see a back-to-back
coupling of pairs of nanoantennas, forming a plasmonic con-
jugate configuration, i.e., > + < supercells [Fig. 2(b)]. This
process can be associated with the coupling of dipoles of two
V-shaped antennas (D) in two adjacent unit cells [Fig. 3(b)].
An interesting feature seen in the results shown in Fig. 2(b)
is the evidence of optical coupling of these supercells along
the y axis via diffraction. This suggests the possibility of
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FIG. 3. Schematics of the charge configurations associated with
(a) quadrupoles Q. and (b) dipoles Dy of the V-shaped nanoantennas
for x polarization and (c) quadrupoles O, and (d) dipoles D, for y
polarization. Also shown are the charge configurations for the cases
when (e) 3= -45° and (f) 9= 45°.

formation of a SLR associated with the orthogonal hybridiza-
tion of the lattice modes with > + < supercells. This can
be understood considering the fact that since a, = 1 um the
Rayleigh wavelength, given by Ara = n[1 + cos(8)], is equal
to about 1.45 pm. Here n is the substrate refractive index,
considered to be 1.45, and 8 = 0° is the angle of the incident
light. The intersupercell diffractive feature starts to disappear
at longer wavelength [Fig. 2(c)]. At 2500 nm, only a weak
residue of > + < remains and the lattice mode disappears
[Fig. 2(d)]. Note that the assumption of n = 1.45 requires
that the optical modes mostly reside in the substrate, which
will be shown in the following. Additionally, here the system
under consideration is not homogeneous, i.e., the refractive
indices of the substrate and superstrate are different. Although
this presents more demanding conditions [35-37], with large
enough plasmonic polarizability such a system can support
strong enough Rayleigh coupling to form SLR [12,19,38,39].

Next we rotated the polarization by 90° so that it became
aligned along the y axes of the array (v polarization). The
results suggest the formation of different types of modes.
As shown in Fig. 4(a), at about 600 nm these modes are
associated with multipolar plasmonic modes associated with
y polarization (Qy). At 660 nm, these modes are enhanced,
indicating the formation of unique quadrupolar features
of the V-shaped nanoantennas [28]. Figure 3(c) shows the
schematic of the charge configuration associated with this
case. At 883 nm the charge concentrations at the corners of the
V-shaped nanoantennas seem to be diminished to some extent,
forming modes that are extended from one arm of a given
nanoantenna to its other arm [Fig. 4(c)]. This indicates
excitation of dipole modes associated with y polarization
(Dy) [28]. As schematically shown in Fig. 3(d), under
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FIG. 4. Field enhancement mode profiles associated with the results shown in Fig. 1(c) for y polarization in the x-y plane at (a) 600, (b) 660, (c)
883, and (d) 2196 nm. The x-y plane here passes approximately through the middle of the height of the nanoantennas, i.e., 20 nm from the
substrate. The scale bar refers to the amount of field enhancement, which is unitless.

this condition the charges at the corners of the V-shaped
nanoantennas are diminished, while they are concentrated at
the ends of their two arms. At 2196 nm this feature becomes
more prominent as two antennas within a single unit cell are
coupled to each other, forming a braket supercell (<+ >).
The results in Fig. 4(d) suggest that these supercells are
optically isolated from each other.

Figure 5 shows the modal field enhancement profiles in the
x-z planes under the conditions that > + < [Fig. 5(a)] and
<+ > [Fig. 5(b)] supercells are formed. This plane is per-
pendicular to the substrate and includes the x axis [Fig. 1(a)].

1500 -750 0 750

1500 -750 0 750
x (nm)

1500

FIG. 5. Field enhancement mode profiles associated with the
results for (a) x polarization at 1490 nm and (b) y polarization at
2196 nm in the x-z plane for (a) > + < and (b) <+ > supercells.
The scale bar refers to the amount of field enhancement.

In the case of > + < supercell, the results suggest that the
plasmonic-photonic modes are mostly localized in the
substrate [Fig. 5(a)]. Therefore, the optical coupling of
the plasmon modes associated with such supercells mostly
occurs in the substrate. This also leads to less sensitivity to
variations of the refractive index of the superstrate [Fig. 5(a)].
On the other hand, for the case of <+ > modes the plasmon
mode is highly localized in the superstrate [Fig. 5(b)]. There-
fore, this mode should show a relatively high sensitivity to the
environment.

III. EXPERIMENTAL METHODS

To experimentally test the results presented in the preced-
ing section we used electron-beam lithography to fabricate
two types of samples. These samples contain arrays of Au
<> with average sizes of L = 1000 nm and W = 430 nm.
The thickness of nanoantennas was about 40 nm. The lat-
tice constants of sample 1 were @, = 1.5 pm and @, = 1 pm
[Fig. 6(a), inset] and for sample 2 @, = 3 um and @, = 2 um
[Fig. 6(b), inset]. Figure 6(a) shows the optical image of
sample 1, indicating a uniform fabrication process and overall
structural features of the sample. To measure the extinction
spectra of these arrays, we used a broadband halogen lamp in a
transmission optical setup. In this setup the incident light was
focused on the samples using a microscope objective and the
transmitted light was collected by a collective lens for
delivering to a spectrometer (Ocean Optics QE-pro).

To investigate the in-plane scattering of such arrays, we
utilized the setup schematically shown in Fig. 1(b). In this
setup a broad white light was focused on the samples with a
microscope objective with 0.5 numerical aperture (objective 1).
The in-plane scattering was collected by another micro-
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FIG. 6. (a) Optical and scanning electron microscope (SEM) images (inset) of sample 1. Also shown are the extinction spectra of (b) sample
2 and (c) sample 1 (c) for x polarization (solid line) and y polarization (dashed line). The inset in (b) shows the SEM image of sample 2. The

scale bars in the insets of (a) and (b) are 1 pm.

scope objective with numerical aperture of 0.85 (objective 2).
This objective was on a translation stage, allowing it to move
horizontally along the edges of the samples. The scattered
light was detected along the x and y axes, highlighting how
such a process is influenced by the angle of views and sides of
the V-shaped nanoantennas. Figures 7(a) and 7(b) show the
geometrical positions of objective 2 along the substrates of
samples 1 and 2. For measuring the in-plane scattering along
the x axis, this objective moves along the y axis from 0 to 20
mm, i.e., the whole length of the substrate [Fig. 7(a)]. For the
case of the in-plane scattering along the y axis, objective 2
moves along the x axis over a similar range of 0-20 mm [Fig.
7(b)]. For each of these cases, the incident polarization axis
was adjusted to be along certain directions. As high-lighted
in Fig. 7, these were 9= -45° (red double-sided arrows), ¢
= 0° (x axis), 0= 45° (blue double-sided arrows), and &= 90°

(v axis).

IV. EXPERIMENTAL VERIFICATION
OF THE SUPERCELLS

The extinction spectra of samples 1 and 2 can provide key
information regarding their mode properties and formation
of the supercells discussed in the preceding section. Such
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FIG. 7. Experimental configurations for the measurements of in-

plane scattering along the (a) x axis and (b) y axis. The double-sided
arrows show the directions of the incident light polarization. The ¢
are the angles between these directions and the x axis.

spectra are shown in Figs. 6(b) and 6(c) for the cases when the
incident light was polarized along the x axis (solid lines) and
the y axis (dashed lines), i.e., for x polarization and y polariza-
tion, respectively. For x polarization the results for sample 1
suggest the formation of a peak at 611 nm and another peak at
1580 nm [Fig. 6(c)]. For y polarization a small peak happens at
about 600 nm, but the long-wavelength peak goes beyond the
sensitivity range of our spectrometers (dashed line). These are
consistent with the numerical results shown in Fig. 1(c). In
particular, the peak at 1580 in Fig. 6(c) matches well the 1490
peak in Fig. 1(c), indicating the formation of the > +<
supercells.

The extinction spectra of sample 2 suggest a peak at about
600 nm for both x polarization and y polarization [Fig. 6(b)].
For x polarization the longer-wavelength peak of this sample
occurs at about 1477 nm and seems to be broader than that of
sample 1. These results suggest a blueshift of about 100 nm,
compared to that of sample 1. This can be associated with
the fact that in the case of sample 2 the coupling between V-
shaped nanoantennas of the neighboring cells is much weaker.
Therefore, although the quadrupole modes associated with the x
polarization happens, the lack of intercell coupling prevent the
formation of > + < supercells. Similar to the case of sam-ple 1,
experimentally we could not detect the peak associated with
the <+ > supercells of this sample, as its wavelength was
beyond our detector’s sensitivity range. Note also that, for the
cases of both samples, the jaggedness and nonuniformity of
the V-shaped nanoantennas led to significant broadening of the
spectra.

V. IN-PLANE SCATTERING AND POLARIZATION
CONTROL

The results for the measurements of the in-plane scattering
for sample 1 along the x axis when ¥ = -45°, 0°, 45°, and
90° are shown in Figs. 8(a)-8(d), respectively. For all polar-
ization cases, we can see scattering in wide wavelength ranges
from about 600 to 1050 nm. These results are limited by the
sensitivity range of our spectrometer, but the sharp cuts at
1050 nm suggest the possibility of extension of such scattering
farther into the infrared range. A feature seen in Fig. 8(d) is
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FIG. 8. In-plane scattering of sample 1 along the (a)—(d) x axis and (2°)~(d°) y axis as a function of position (see Fig. 7) for (a) and (a°) &
= -45°, (b)and (1°) 9= 0°, (c) and (c°) F= 45°, and (d) and (d°) F= 90°. The color-coded bar shows the amount of in-plane scattering counts.

that for & = 90° (y polarization) the extension of the scattered
light into the visible range is more prominent than the case of ¢
= 0° [Fig. 8(b)]. Note that in these figures the vertical axes
refer to the positions of objective 2 along the edges of the glass
substrate, i.e., the y axis [Fig. 7(a)].

The situation changes significantly when the scattering is
detected along the y axis [Fig. 7(b). As shown in Fig. 8(b ii),
in this case when the incident light is polarized along the x axis
(@ = 0°), we have a relatively high scattering intensity in the
near-infrared range. In the visible range, however, compared
to the case seen in Fig. 8(b i), here the in-plane scattering is
emerging from the edge of the substrate in a more inhomoge-
neous way while it is spectrally broader. In other words, within
the 900-1050 nm range the spatial extent of the scattering is
about 4 mm, while for a wavelength range of 600-900 nm it is
mostly localized in about 2 mm. This suggests significant
spectral variations of the scattered light as a function of the
location of objective 2 [Fig. 7(b)].

When the polarization of the incident light is along the
y axis, i.e., 3= 90° [Fig. 8(d ii)], the amount of scattering

is reduced. Under this condition, the scattering spectrum is
uniquely maximized in two separate wavelength ranges, i.c.,
visible and near-infrared ranges [Fig. 8(d ii)]. The results in
Fig. 8 also show that, when the scattering is detected along the y
axis, for & = -45° [Fig. 8(aii)]and 45° [Fig. 8(cii)] one can see
a significant contrast with those when the in-plane scat-tering
was detected along the x axis [Figs. 8(a i) and 8(c 1)]. These
include spectrally wider ranges and more pronounced
position-dependent in-plane scattering. The combination of
these results suggests a multidirectional in-plane scattering
process in sample 1. For the case of Figs. 8(a i1)-8(d ii), in par-
ticular, we can see clearly the asymmetry impact of & = -45°
and 45° when viewed along the y axis. The results for sample 2
follow similar patterns but with much less intensity.

To further study the in-plane scattering properties of the
< > arrays, we analyze its polarization by placing an analyzer
before the spectrometer [Figs. 9(a) and 9(b)]. Here ¢ refers to
angle of the analyzer axis from the normal of the sample
plane. Figure 9(c) shows the results when the analyzer axis
was horizontal, i.e., ¢ = 90°, and the light was collected along
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FIG. 9. Experimental configurations for in-plane scattering measurement along the (a) x and (b) y axes. In 9(c)-9(f) lines 14 refer to the

cases when 9= 90°, 0°,
detection is along the y axis and ¢ = 90° and 0°, respectively.

the x axis [Fig. 9(a)]. These results show that variations of
the ¥ leads to significant changes in the scattered light. For ¢
= 90° the maximum light is detected with a characteristic
broad peak at about 925 nm (line 1). For &= 0° the amount of
scattered light decreases and the peak disappears (line 2). For
these cases the in-plane scattering intensities remain com-
parable, indicating a mix of polarization states. This can be
seen seen further if we consider the cases of = -45° (line 3)
and ¢ = 45° (line 4). The similarity of these results can be
related to the symmetry of the <> arrays when in-plane
scattering is detected along the x axis.

When the light is detected along the x axis and the polariza-
tion axis of the analyzer is rotated by 90°, i.e., ¢ = 0°, the re-
sults suggest that the maximum scattering occurs when ¢ = 0°
[Fig. 9(d), line 2]. For 9 = 90° the amount of light is reduced,
but no significant spectral changes can be seen [Fig. 9(d), line
1]. The results for ¢ = -45° and 45° (lines 3 and 4) also show
similar features. The combination of these results suggests
that the <> array supports elliptical scattering polarization
controlled by the linearly polarized incident light.

The results when the scattered light is collected along the
y axis are shown in Figs. 9(e) and 9(f). When the incident
light is polarized along the x axis (& = 0°) and ¢ = 90°, the
spectrum of the scattered light contains two peaks. These
include a small peak at about 800 nm and a major one at about
1000 nm [Fig. 9(e), line 2]. When the incident light polariza-
tion is rotated by 90" (& = 90°), the longer-wavelength peak
mostly disappears, while the shorter-wavelength peak still
remains resolvable [Fig. 9(e), line 1]. These results suggest
that, because of the shape of the nanoantennas, the spectra of
the in-plane scattering for different states of polarization are
different.

For the case when the scattered light is detected along
the y axis and ¢ = 0°, a prominent feature occurs around

-45°, and 0°, respectively. In (c) and (d) detection is along the x axis and ¢ = 90° and 0°, respectively. In (e) and (f)

the 600-800 nm range [Fig. 9(f)]. This figure shows that the
amount of scattered light for ¢ = -45° (line 3) is more than
those when & = 0° (line 2), 45° (line 4), and 90° (line 1). This
can be associated with the fact that for the cases of & = -45°
and 45°, the light polarization is approximately along one of
the arms of the V-shaped nanoantennas [Figs. 3(e) and 3(f)].
In each of these cases one arm supports the high-order lon-
gitudinal mode while the other arm supports the transverse
mode with lower order. This makes the charge configuration
and plasmon oscillations, as viewed along the y axis, asym-
metric for the cases of 3 = -45° and 45°. The phase relations
associated with such configuration may be responsible for
the higher scattering in the 600-800 nm range for the case of
¥ = -45° [Fig. 9(f), line 3]. This further highlights the
unique polarization states of the in-plane scattering of < >
nanoantennas arrays and their control via the incident light
polarization.

Note that the term plasmonic conjugate used in this paper is
primarily associated with the geometrical coupling of > +<,
against that of < + >. In fact, these two supercells, which sup-
port two different types of near-field couplings, hybridization
processes, and charge configurations [Figs. 3(b) and 3(d)],
are associated with the inward and outward couplings of a
pair of the V-shaped nanoantennas. These features and the
distinct well-resolved spectral features of such supercells can
provide wider control over the functionalities of plasmonic
metasurfaces and their device applications. This may in-
clude active optical filters in the infrared range. Additionally,
the results in Fig. 2(b) suggest coherent coupling between
the multipolar hybridized modes of many > + < super-
cells. Considering this feature, the optical switching between
<+ > and > + < may offer a unique way to actively con-
trol hybridization of multipolar modes associated with these
cells.
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VI. CONCLUSION

We studied optical properties of metasurfaces consisting
of periodic arrays of Au V-shaped nanoantennas. We showed
such arrays can support two supercells and their polarization
optical switching. In one of the supercells, i.e., <+ >, the
nanoantennas of a given unit cell of the array are coupled face
to face. We showed that such supercells tend to be isolated.
In another type of supercell the V-shaped nanoantennas of
the adjacent unit cells are coupled to each other, forming a
plasmonic conjugate system (> +<). We showed that such
supercells can couple to the lattice modes of the arrays,
extending coherent information across the arrays along one
dimension. We showed that the optical features associated

with <+ > and > + < include two strong infrared extinction
peaks spectrally located at two distant wavelengths. Our
results for the in-plane scattering of such metasurfaces offer
strong polarization mixing which can be controlled using the
incident light polarization. This indicates that asymmetry of
optical excitation of the V-shaped nanoantennas, as viewed
from the side, can be a crucial asset to coherently control their
in-plane scattering.
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