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Abstract Diffraction-limited circularly polarized electro-
magnetic radiation has been widely used in the literature
for various applications at both optical and microwave fre-
quencies. With advances in nanotechnology, emerging plas-
monic nano-optical applications, such as all-optical mag-
netic recording, require circularly polarized electromagnetic
radiation beyond the diffraction limit. In this study, a plas-
monic cross-dipole nano-antenna is investigated to obtain
a circularly polarized near-field optical spot with a size
smaller than the diffraction limit of light. A cross-dipole
nano-antenna is composed of four metallic nano-rods placed
at a perpendicular orientation with respect to each other. The
performance of the nano-antenna is investigated through nu-
merical simulations. In the first part of this study, the nano-
antenna is illuminated with a diffraction-limited circularly
polarized radiation. An optimal antenna geometry is speci-
fied to obtain an intense optical spot that satisfies two neces-
sary conditions for circular polarization: a phase difference
of 90° and a unit amplitude ratio between the electric field
components in the vicinity of the antenna gap. In the sec-
ond part of this study, the nano-antenna is illuminated with
diffraction-limited linearly polarized radiation. It is shown
that the phase difference between the electric field compo-
nents can be adjusted by selecting either different antenna
lengths or different gap distances in the vertical and hori-
zontal directions. Due to the relatively short wavelength of
surface plasma waves on the antenna, it is demonstrated that
the phase difference can be sufficient to obtain circularly
polarized light. An optimal physical configuration for the
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nano-antenna and the polarization angle of the incident light
is identified to obtain a circularly polarized optical spot be-
yond the diffraction limit from diffraction-limited linearly
polarized radiation.

1 Introduction

Circular polarization is utilized in various applications at ra-
dio frequency and microwave regimes due to its advantages,
such as increased efficiency in power transmission. In satel-
lite communications [1], for example, the polarization angle
of a linearly polarized electromagnetic wave is tilted due to
the anisotropy of the ionosphere [1]. A mismatch between
the polarization angle of the incident radiation and receiving
antenna causes a loss of transmitted power. Circularly polar-
ized radiation, however, is less sensitive to ionospheric rota-
tion. Therefore, utilizing a circularly polarized transmitting
and receiving antenna pair results in increased transmitted
power.

At optical frequencies, circular polarization promises to
be a rotary power source for various applications. One po-
tential application utilizes circularly polarized light to probe
nuclear moments by creating electron spins in semiconduc-
tors [2]. In another application, microgears are rotated by
circularly polarized light [3]. Low threshold laser action of
dye-doped cholesteric liquid crystals is demonstrated using
input circularly polarized light [4]. In addition to the afore-
mentioned applications, circularly polarized light may also
be utilized to probe a medium. By utilizing circularly po-
larized laser light, the response of a single chiral molecule
is probed [5] and optically active single-walled carbon nan-
otubes are characterized by circular dichroism spectroscopy,
which uses circularly polarized light [6]. In a recent study,
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a plasmonic polarizer is utilized to obtain a far-field circu-
lar polarization [7]. The plasmonic polarizer is composed of
two aperture grating structures perpendicular to each other
and carrying two linearly polarized collimated beams with
equal amplitudes. All of the aforementioned applications
utilize diffraction-limited circularly polarized electromag-
netic radiation, which is sufficient to fulfill the requirements
of those applications.

With advances in nanotechnology, circularly polarized
electromagnetic radiation beyond the diffraction limit is de-
sired in emerging plasmonic nano-applications. One of these
applications is all-optical magnetic recording [8, 9]. Stan-
ciu et al. [8, 9] demonstrated that magnetization can be re-
versed in a reproducible manner by using a circularly po-
larized optical beam without any externally applied mag-
netic field. The size of the magnetization reversal in that
study was on the order of 20 microns due to the large optical
spots that were utilized. To advance the areal density of hard
disk drives beyond 1 Tbit/in.?, magnetization reversal areas
much smaller than 100 nm are required. To achieve sub-100
nm bits in an all-optical magnetic recording system, a cir-
cularly polarized optical spot beyond the diffraction limit is
necessary.

In this study, two different schemes are investigated to
obtain a circularly polarized optical spot with dimensions
smaller than the diffraction-limit. In Sect. 2, a cross-dipole
nano-antenna is introduced to obtain a circularly polarized
optical spot with a size beyond the diffraction limit when
the antenna is illuminated with diffraction-limited circularly
polarized radiation. An optimal antenna geometry is speci-
fied to obtain an intense optical spot that satisfies two neces-
sary conditions for circular polarization: a phase difference
of 90° and a unit amplitude ratio between the electric field
components in the vicinity of the antenna gap. In Sect. 3,
we demonstrate that the phase difference between the elec-
tric field components can be adjusted by selecting either dif-
ferent antenna lengths or gap distances in the vertical and
horizontal directions. Since the plasma wavelengths on the
antenna are much shorter than the wavelength of incident
radiation, a circularly polarized optical spot beyond the dif-
fraction limit is obtained from diffraction-limited linearly
polarized incident radiation. Concluding remarks appear in
Sect. 4.

2 Circularly polarized illumination using a cross-dipole
nano-antenna

Optical antennas have a long history and there are many
experimental studies in the literature including early opti-
cal rectification works [10-12] and more recent resonant
antennas [13-16]. Nano-antennas [17-20] have been uti-
lized in existing and emerging nano-optical applications,
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such as scanning near-field optical microscopy [21], data
storage [22], nano-lithography [23], and biochemical sens-
ing [24]. Three main features of the antennas have been at-
tractive for existing and emerging applications: their ability
to obtain optical spots beyond the diffraction limit, their po-
tential to achieve higher power transmittance to the sample,
and a narrow and adjustable spectral response.

Although their ability to achieve these three goals has at-
tracted a significant amount of interest, their ability to ob-
tain light with various polarizations has attracted little atten-
tion. Ohdaira et al. [25] obtained local circular polarization
by superposing two cross-propagating evanescent waves. In
this study, we suggest an alternative technique to obtain in-
tense localized circular polarization with a plasmonic nano-
antenna. The nano-antennas in the literature obtained opti-
cal spots beyond the diffraction limit with linear polariza-
tion. However, there are emerging nanotechnology applica-
tions, such as all-optical magnetic recording [8, 9], that re-
quire circularly polarized light beyond the diffraction limit.
To address this emerging need, it is desirable to obtain opti-
cal spots with circular polarization.

In this study, a metallic cross-dipole antenna is suggested
to obtain a circularly polarized optical spot with a size be-
yond the diffraction limit. A cross-dipole antenna, which is
shown in Fig. 1, is composed of four metallic nano-rods
placed at a perpendicular orientation with respect to each
other. The geometric parameters are identified in Fig. 1. The
antenna particles have equal horizontal and vertical lengths
Ly = L, and are separated from each other by a distance
G, = Gy, in both vertical and horizontal directions. To ob-
tain circular polarization from linearly polarized incident

Fig.1 Schematic illustration of the cross-dipole antenna. The incident
electric field E has a clockwise orientation, which propagates along the
k-vector. L and L, are the lengths of the horizontal and vertical an-
tenna particles, and G5, and G, are the gap distances of the horizontal
and vertical antenna particles. T is the thickness and W is the width of
the antenna particles
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light, these conditions will be relaxed in Sect. 3 and antennas
with different lengths and gap distances will also be used.
The length of each antenna particle is L = 130 nm, the width
is W = 10 nm, and the particle thickness is T = 20 nm. The
center of the antenna is located at the origin, therefore, it
lies between z = —10 nm and z = 10 nm. The antenna is
surrounded by vacuum. Based on a previous study [26] on
nano-antennas, the operating wavelength is selected as A =
1100 nm. The dielectric constant of gold at A = 1100 nm is
selected as egolg = —58.8971 — j4.61164 [27]. The ampli-
tude of the incident radiation is selected as 1 V/m, therefore,
the electric field values reported in this study correspond to
the field enhancement of the antenna. Incident circularly po-
larized radiation propagates in the negative Z-direction.

Figure 2 illustrates the intensity distributions for a cross-
dipole antenna when it is illuminated with a diffraction-
limited circularly polarized light at A = 1100 nm. Projection
of the cross-dipole antenna boundaries (thin white contour)
is added to the figure to illustrate the relative position of
the optical spot with respect to the antenna. In Fig. 2(a) the
intensity distribution is presented at the z = 0 nm, which
passes through the center of the antenna. The results in
Fig. 2(a) suggest that the cross-dipole antenna achieves a
localized intense spot in the gap region of the antenna. In
Fig. 2(b), intensity distribution on the z = 20 nm is illus-
trated. This plane is located at a distance of 10 nm below the
bottom surface of the antenna, therefore, it represents a typi-
cal intensity distribution at the sample plane. Since a tightly
confined optical spot diverges quickly in relatively short dis-
tances [28], a broader optical spot is observed in Fig. 2(b) as
compared to Fig. 2(a). As the observation plane is placed
further away from the antenna, the intensity obtained by the
antenna gets smaller and the spot size increases. The reduc-
tion of the field intensity is due to the sharp decay of evanes-
cent fields away from the nano-antenna.

The incident circularly polarized diffraction-limited radi-
ation can be decomposed into two components: a horizon-
tal and a vertical component of equal amplitude with a 90°
phase difference between them. Each of these components

|
130 nm

a

Fig. 2 Intensity distributions for a cross-dipole antenna on z = 0 and
z =20 nm when the antenna is illuminated with a diffraction-limited
circularly polarized light: (a) |E(x,y,z = 0)|2 and (b) |E(x, v,z =

1375

creates an induced current along their respective axes on the
antenna. These induced currents are the source of charge ac-
cumulation at the ends of the antenna. The charges created
across the gap separating the metallic parts of the antenna
have opposite polarity. The oscillation of the charges in the
horizontal and vertical directions is the source of the local-
ized near-field electromagnetic radiation.

Although the fundamentals of the optical energy local-
ization for the cross-dipole antenna are similar to that of a
simple dipole antenna, additional factors complicate the in-
teraction of the circularly polarized incident light and nano-
antenna. The charge accumulation at the end of a horizontal-
oriented particle interacts not only with the other horizontal-
oriented particle but also with the vertical-oriented parti-
cles. Although the interaction between the horizontal and
vertical-oriented dipole is strong as seen in Fig. 2(a), the
contribution of these dipoles has less of an impact on the
field distribution at the sample plane as shown in Fig. 2(b).
The near-field radiation due to the interaction between a hor-
izontal and a vertical particle is more localized since it is
mainly concentrated around the corners due to the lightning-
rod effect. Although near-field radiation around a corner is
quite strong at the source plane as seen in Fig. 2(a), it also
has a faster decay rate than the broader near-field dipole ra-
diation. Therefore, its impact is less pronounced at the sam-
ple plane as shown in Fig. 2(b). The optical spot, however,
slightly broadens due to this effect.

To obtain circular polarization within the localized opti-
cal spot, two additional requirements need to be met: a phase
difference of 90° and a unit amplitude ratio between the x-
and y-oriented electric field components in the vicinity of
the antenna gap. Due to the symmetry of the geometry in
perpendicular directions, a 90° phase difference is obtained
in the gap region of the antenna as shown in Fig. 3(a). Since
our aim is to obtain a circularly polarized optical spot, the
90° phase difference requirement needs to be satisfied only
within the optical spot in the gap region.

As shown in Fig. 3(b), the relative amplitude of the hor-
izontal and vertical field is the same within the optical spot

343
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A
130 nm

b

20)|. Projection of the cross-dipole antenna boundaries (thin white
contour) is added to the figure to illustrate the relative position of the
optical spot with respect to the antenna
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130 nm
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-1.57

Fig. 3 (a) Phase difference |A¢(x, y,z = 20)| and (b) Electric field
intensity ratio |Ey(x, y, z = 20)|/|Ex(x, y, z = 20)| for circularly po-
larized incident light. Dimensions are selected as L = 130 nm, G =
20 nm, W =10 nm, 7 =20 nm and A = 1100 nm. Projection of the

Fig. 4 (a) |A¢(x,y,z=20)|
and (b) |[Ey(x, y, z=20)|/
|Ex(x, y, z = 20)] for circularly
polarized incident light.
Dimensions are selected as

L =70nm, G =23 nm,

W =19 nm, T =20 nm and

A =700 nm

[T
130 nm

a

due to the symmetry of the geometry. Therefore, the unit
amplitude ratio requirement between the horizontal and ver-
tical components is satisfied within the optical spot. The re-
sults in Fig. 3 suggest that all three conditions, i.e. localized
radiation with intense amplitude, phase difference, and rel-
ative amplitude between components, are only satisfied in
the optical spot defined by the gap region of the cross-dipole
nano-antenna. As illustrated in Figs. 2 and 3, all three condi-
tions are met within the optical spot, therefore, a circularly-
polarized localized optical spot is obtained. The sense of
circular polarization is right-handed, since the electric field
k-vector is directed along the negative z-direction and the
circularly polarized light is clockwise oriented.

The particles of a cross-dipole antenna are perpendicu-
lar with respect to each other, therefore, the cross-dipole
geometry supports field components that are perpendicu-
lar to each other. Circularly polarized radiation has both
horizontal and vertical polarized electric field components,
which have a phase difference of 90°. Since a simple di-
pole antenna has particles only along one orientation, cir-
cular polarization cannot be obtained by a dipole antenna
that is composed of only horizontally or vertically aligned
nanoparticles. In Fig. 4, the results of a vertical dipole an-
tenna are illustrated. Figure 4(a) and (b) shows the phase
difference and relative amplitude for a vertical dipole an-
tenna illuminated with diffraction-limited circularly polar-
ized light. As the results suggest, the conditions are not met
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for circular polarization. The dipole antenna only responds
to the vertical component of the incident light, therefore, the
localized near-field radiation is linearly polarized. A verti-
cal dipole antenna acts as a combination of a nano-lens and
a vertical-oriented polarizer when it is illuminated with a
circularly polarized radiation.

In the numerical simulations in this work, the perfor-
mance of the nano-antenna is considered in free space.
When the nano-antennas are manufactured on glass using
lithographic techniques, it is expected that the resonance
wavelength will shift toward longer wavelengths since res-
onance of nano-particles placed on a dense medium red-
shifts [29].

3 Obtaining circularly polarized optical spots from a
linearly polarized diffraction-limited illumination

Circular polarization can be decomposed into a horizontal
and a vertical component. Similarly, any linear polariza-
tion can also be decomposed into a horizontal and a verti-
cal component. One of the main differences between linear
and circular polarization is the phase difference between the
perpendicular components. The phase difference between
the perpendicular components for linear polarization is 0°,
whereas for circular polarization the difference is 90°. The
phase difference is not the only difference between linear
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Fig. 5 Wavelength of plasma wave on the antenna versus the wave-
length of incident light

and circular polarization. The amplitude ratio for the hori-
zontal and vertical components is unity in circular polariza-
tion, whereas there is no such requirement for linear polar-
ization.

Based on the aforementioned differences, there are three
challenges for producing a circularly polarized optical
spot beyond the diffraction limit from a linearly polarized
diffraction-limited incident radiation: (1) focusing the inci-
dent light into an optical spot beyond the diffraction limit,
(2) producing a 90° phase difference at the output radiation
from an incident radiation that has a 0° phase difference, and
(3) obtaining horizontal and vertical components with equal
amplitudes. Focusing the incident light into a small optical
spot will be achieved by the cross-dipole nano-antenna. To
obtain a nonzero phase difference and a unit perpendicular
amplitude ratio, the cross-dipole nano-antenna will be mod-
ified.

The phase difference between perpendicular components
is obtained by using the short plasma wavelength of plas-
monic nano-antennas. The relation between the plasma
wavelength and antenna geometry has been investigated re-
cently by an analytical treatment [20] and a finite element
based solution [26]. The results suggested that for plasma
metals, such as gold which is used in this study, the plasma
wavelength over the nano-antenna is much shorter than the
wavelength of the incident photon. For example, the effec-
tive plasma wavelength over a gold nanoparticle is plotted as
a function of the wavelength of incident light in Fig. 5. The
width of the gold nanoparticle is 10 nm. As shown in Fig. 5,
the plasma wavelength is on the order of 200 nm when the
wavelength of incident beam is 1100 nm. Such short effec-
tive plasma wavelengths of thin nanoparticles will be uti-
lized to produce the desired phase difference between the
horizontal and vertical components.

The phase of the waves on the horizontal-oriented par-
ticles and the horizontal location x around the antenna are
related as

Gr = PN+ 27x [ dspp (1

where ¢iH“° is the phase of the horizontal component of the
incident beam and App is the plasma wavelength. Similarly,
the phase of the waves on the vertical-oriented particles and

the vertical location y around the antenna are related as

oy = ¢1‘?C + 27'[)’/)\spp (2
where i\ﬁ‘c is the phase of the vertical component of the in-
cident beam. The phase difference between the horizontal
and vertical components of the near-field radiation around
the center of the antenna is given as

Ap = — by = (P11 — 1) + 27 (x — ¥) /Aspp 3)

which will yield a phase difference
A= (B — ¢7°) @)

at the center of the gap since x = y = 0. For example,
the phase difference between the horizontal and vertical
components of the output near-field radiation is obtained
as A¢ = 0° for a linearly polarized incident beam since

i[f}c — ¢i\}lc = 0°. Similarly, we obtain A¢ = 90° for a cir-
cularly polarized incident beam. These expectations are in
agreement with the results in Sect. 2.

Since linearly polarized incident radiation has a (qbi;}c —
qbi\?c) = (0° phase difference and x — y = 0 at the center of
the antenna, an additional phase term is necessary in (3) to
convert a linearly polarized incident beam to a circularly po-
larized output. Producing the desired phase difference can
be accomplished by creating an asymmetry in the antenna
geometry. In this study, an additional phase term is intro-
duced into (3) by either (1) using a slightly different antenna
length for the horizontal-oriented antenna Lj; and vertical-
oriented antenna L, or (2) using a different horizontal gap
distance Gy, and a vertical gap distance G, for the cross-
dipole antenna. With slightly different antenna lengths, the
phase of the near-field radiation around the center of the an-
tenna is given as

Ap=du — by = (B — V) +27(x — )

/)‘spp + 27 (Lp — Lv)/kspp &)
which will yield at the center of the gap
Ap = (¢35 — $V°) + 27 (L, — Lu) /dspp 6)

Therefore, to obtain a A¢ = 90°, the horizontal and vertical
antenna lengths should satisfy

27 (Lh — Ly)/Aspp = 7/2 @)
which yields
Ly—Ly,= )\spp/4 (®)
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When the difference between the length of the particles
Ly — Ly is set to Agpp/4, the desired phase difference at
the output radiation can be achieved. As discussed before
and as illustrated in Fig. 5, the effective wavelengths for the
plasma waves on the nano-antenna are much shorter than the
wavelength of light. For example, when the incident wave-
length is 700 nm, the quarter of the effective plasma wave-
length corresponds to Aspp/4 = 17 nm for an antenna with
a thickness of 10 nm. Similarly, an operating wavelength of
1100 nm corresponds to Aspp/4 = 50 nm. Such small Agp,/4
values enable us to obtain a phase difference by using dif-
ferent Lj, and L, values without a significant decay of the
horizontal or vertical near-field radiation amplitude.

The amplitude of the near-field radiation depends on the
antenna length and the gap distance. Changing the symme-
try of the antenna by using different (L, L) or (G, Gy)
values will impact the amplitude of the horizontal and verti-
cal components. The decay of the amplitude of the vertical
(or horizontal) field component needs to be compensated to
achieve a circular polarization, which requires these compo-
nents to be equal. Any decay of the output field amplitudes
can be compensated by adjusting the polarization angle of
the incident linearly polarized wave, as shown in Fig. 6. If
the amplitude of the vertical field component is small due to
the created asymmetry, the polarization angle apol needs to
be increased to achieve circular polarization.

Ay

=

Fig. 6 Illustration of the top view of the cross-dipole antenna. The
polarization angle of the linearly polarized incident field is shown with
respect to the antenna orientation

The effect of L, — L, on A¢ and |Ey|/|Ex]| is illustrated
in Fig. 7. The cross-dipole is illuminated with a linearly po-
larized incident field with a polarization angle of oo = 45°.
The wavelength is A = 1100 nm. In Fig. 7 we plot various L,
as a function of electric field amplitude E, phase difference
A¢, and electric field amplitude ratio E,/E, at the point
x =0, y=0, z =20 nm. The results in Fig. 7(a) indicate
that a phase difference, A¢p(x =0, y =0, z =20 nm) # 0,
is obtained by creating an asymmetry between Lj; and L.
The results in Fig. 7(a) suggest that at L,, = 160 nm we ob-
tain £ = 12.6 V/m, A¢ = —1.57 rad and Ey/E, = 0.31.
As L, decreases to 130 nm, A¢ decreases to 0 rad, since
the cross-dipole becomes symmetric and the phase differ-
ence due to L, — Ly in (5) vanishes. The results suggest
that by operating the nano-antenna at 1100 nm, an ellipti-
cally polarized near-field radiation is obtained for L, values
between 130 and 160 nm. When L, is exactly 130 nm, the
localized radiation becomes linearly polarized.

The strong near-field radiation is also preserved in
Fig. 7(b), while obtaining a phase difference A¢ # 0°.
The result in Fig. 7(b) suggests that the cross-dipole an-
tenna creates a strong near-field radiation when L,, is in the
130-160 nm range. As shown in Fig. 7(b), E has a strong
value at 130 nm when the antenna is symmetric. Although
the antenna loses its radiation strength, the near-field radia-
tion is still strong in the 130-160 nm range.

In Fig. 8, electric field intensity |E|2, A¢, and Ey/Ey
are plotted on the z = 20 nm for L, = 160 nm and Lj; =
130 nm. As shown in Fig. 8(b), A¢ value of —1.57 rad
is achieved at L, = 160 nm. However, a A¢ value of
—1.57 rad is not sufficient. The Ey / E ratio should be unity.
To reach a circular polarization, Ey/Ey needs to be fur-
ther increased. One way to achieve this is to change the
polarization angle of the incident radiation. As shown in
Fig. 9, the E / E, ratio is increased from 0.31 to 1 by chang-
ing the polarization angle apo of the incident linear radi-
ation from 45° to 72°. As shown in Fig. 9, as the polar-
ization angle is increased to apo = 72°, A¢ keeps con-
stant around —1.57, while E\, decreases to 7.3 V/m. Fig-
ure 10(a) results in a localized region of intense electric
field distribution. Figure 10(b) and (c) represents the lo-
calization of phase difference and amplitude ratio between

Fig. 7 Effect of various L, 0 1 18
values on (a) [A¢(x =0,y =0, \ ~ — 0,0,
z=20)| and |[Ey(x =0,y =0, ~. - IEyI/IExI _
z2=20)|/|Ex(x =0,y =0, ~ 3 I
-0.53 07 16
z2=20),(b) |[E(x =0,y =0, = S g T
z =20)|. Dimensions selected g AN 2 >,
asGh:GU:ZOnm, 3 \Ns U_JX @
Ly =130 nm, T =20 nm, -1.05 S jo4 E> 141
W =10 nm and A = 1100 nm ST
-1.57 0.1 12 : .
130 140 150 160 130 140 150 160
a L, [nm] b L, [nm]
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Fig. 8 (a) |E(x,y,z =20)|%, (b) |A¢(x,y,z =20)| and (c) [Ey(x,y,z =20)|/|Ex(x, y,z = 20)| for apo = 45°. Dimensions are selected as

L, =160 nm and L; = 130 nm

Fig. 9 Effect of various apol 0 - 1
values on (a) |[A¢(x =0,y =0, —_— ¢y—¢x "
z=20)| and [Ey(x =0,y =0, - IEyI/IExI Pie .
z=20)|/|Ex(x =0,y =0, . 173
2=20)| and (b) [E(x =0, o 0% 'ae e g
y =0, z = 20)|2. Dimensions g -7 3 S
are selected as L, = 160 nm, g _-" w” ]
Ly =130 nm, G; =20 nm, -105f -7 0.4 =
G, =20nm, T =20 nm, r -
W =10 nm and A = 1100 nm
-157 0.1
45 54 72
a o, [deg] b o [deg]

[ —
130 nm

1.57

130 nm

-1.57

a

C

Fig. 10 (a) |E(x, v,z = 20)|, (b) |A¢(x,y, z = 20)| and (c) |Ey(x, v,z =20)|/|Ex(x, y,z = 20)| for apo; = 72°. Dimensions are selected as

L, =160nm and L, = 130 nm

the field components. The phase difference is confined in
a small space with dimensions beyond the diffraction limit
and with a value around —1.57 rad. The amplitude ratio is
also confined in a small space with a value around 1. There-
fore, the result in Fig. 10(b) and (c) indicates that a circu-
larly polarized region of space is obtained at z = 20 nm.
The sense of circular polarization is left-handed, since the
electric field k-vector is directed along the negative z direc-
tion, the circularly polarized light is counterclockwise ori-
ented.

As mentioned previously, another way to introduce a
phase difference in (5) is to introduce a gap difference
G — Gy, rather than antenna length difference Lj — L,.
A sample result for obtaining a phase difference using
G — Gy is illustrated in Fig. 11. As shown in Fig. 11, for

Gj — Gy =44nm, A¢ is equal to 1.57 rad and E,/E, pos-
sesses a unity value at z = 20 nm.

4 Conclusion

In this study, a near-field localized region of circularly po-
larized light beyond the diffraction limit is achieved us-
ing a cross-dipole optical antenna. It was demonstrated
that a cross-dipole nano-antenna with a symmetric structure
can convert diffraction-limited circularly polarized radiation
into a circularly polarized optical spot well-beyond the dif-
fraction limit. It was also shown that a phase difference can
be obtained between field components by utilizing an asym-
metric cross-dipole nano-antenna. It was shown that a phase
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Fig. 11 (a) |A¢(x,y,z=20)|
and (b) [Ey(x, y,z=20)|/
|Ex(x, y, z=20)| for linearly
polarized incident light with
apol = 73°. Dimensions are
selected as L = 130 nm, G;, =8
nm, G, =52, W =10 nm,

T =20 nm and A = 1100 nm

1.57 2

| —
130 nm

difference between the electric field components can be ad-
justed by selecting either different antenna lengths or differ-
ent gap distances in the vertical and horizontal directions.
Our results indicate that it is feasible to convert linearly po-
larized diffraction-limited radiation into a circularly polar-
ized optical spot well beyond the diffraction limit due to the
short wavelength of surface plasma waves on the antenna.
An optimal physical configuration for the nano-antenna and
the polarization angle of the incident light was identified to
obtain a circularly polarized optical spot beyond the diffrac-
tion limit from diffraction-limited linearly polarized radia-
tion.
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