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Abstract

Objective: The polarization reconfigurable elliptical slot antenna using corner truncated square Metasurface (MS) is
proposed. Methods/Statistical Analysis: The proposed antenna has an elliptical slot radiator with aperture coupled
microstrip feed and Metasurface is placed just above the slot antenna. The antenna reconfigures to LP, RHCP and LHCP using
Metasurface. The antenna performance is observed in its three polarization states. The Metasurface antenna is designed
and numerical simulation is presented using HFSS. Findings: The investigation reveals that the antenna resonates at 3.5
GHz and it has an impedance bandwidth of 370 MHz. The linear and circular polarization is obtained when the Metasurface
is rotated at different angles with relative to the slot antenna. Additionally, due to the Metasurface structure, the wide axial
ratio bandwidth of about 350 MHz is obtained. The gain of about 7.5 dB is obtained for both LHCP and RHCP and that for LP
is 6.8 dB. Applications: The Metasurface loaded antenna exhibit characteristics that can meet the requirements of WiMAX

(3.5 GHz) applications.
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1. Introduction

The attention of tunable antenna is increasing since
there is a demand for incorporating multiple wireless
standards into a single platform. The position of several
mobile devices are often dynamically changing which
creates problems to achieve polarization matching for
antennas which have single polarization and is desirable
to have antenna able to function in different polariza-
tion. Polarization reconfiguration can occur between
different kinds of Linear Polarization (LP) and Circular
Polarizations* (CP). Reconfiguration of antenna provides
the possibility of designing antennas of more com-
pact size whilst operating in several frequency bands.
Reconfiguration of an antenna is attained through
changing its frequency, polarization? and radiation
characteristics. Most common methods used for recon-
figuration of antenna are optical switches?, PIN diode,

*Author for correspondence

MEMS switch*®, RF switches?, mechanical change® and
material changes.
Metamaterials is an artificial material with periodic

structure. Such materials possess of both effective per-

meability (i == 0 ) and effective permittivity (g == 0

) are concurrently negative in a given frequency band.
Metasurface (MS) is two dimensional version of meta-
material with repeated array of scatters to get engineered
properties that arenot present in nature’. Recently,
Metasurface are extensively used to improve the effi-
ciency of an antenna and also to acquire novel function.
Zero index and dual negative properties of the metamate-
rial are used to enhance the antenna’s directivity'®!!. The
Metasurface is used for beam steering applications'* with
p-n diode switches. The effective anisotropic property
of the Metasurface causes electromagnetic wave to bend
around the objective covered by it. The electromagnetic
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waves are neither scattered nor absorbed. The physical
property of Metasurface utilized for cloaking applica-
tions2and also reduces the Radar Cross Section (RCS) of
an antenna'**without modifying its radiation properties.
The Metasurface lower the out-band RCS' and in-band
RCS of the antenna'’. An anisotropic Metasurface is
used to convert the linear polarized waves into circular
polarized waves by placing the metasurface on smooth
slot antenna’®. Very recently, a corner cut patch-based
Metasurface has been used to reconfigure the polarization
of a planar antenna*®.

In this work, the antenna reconfigured to Linear
Polarization (LP), Right-Hand Circular Polarization
(RHCP) and Left-Hand Circular Polarization (LHCP) by
spinning the Metasurface relative to the slot antenna®-2.,
The radiation property of an antenna also depends on
the shape of the aperture and the feed line. The cou-
pling between the Metasurface and the patch is very low
because the slot is placed behind the feed line. As the
coupling mechanism determines the radiation character-
istics, we modify the shape of the feed line to get greater
coupling effect between the feed line and the Metasurface
and which in turn improves the bandwidth and gain.

2. Analysis of Metasurface

The Metasurface used is considered to reconfigure the
polarization states and to enhance the radiation charac-
teristics of the unit cell”. It is a corner truncated square
structure as shown in Figure 1. The Metasurface unit cell
have a conducting copper square patch is placed above
the substrate where the edges of the patch are truncated
to convert the Linear Polarized (LP) waves to Circular
Polarized (CP) waves. The Metasurface structure is simu-
lated in HESS tool to test its electromagnetic properties.

Figure 1. Unit cell model.
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The reflection phase versus frequency is shown in
Figure 2. It is observed that the reflection phase is zero at
3.5 GHz. The simulated reflection and transmission coef-
ficient is shown in Figure 3. The reflection coefficient and
the transmission coefficient for the resonant frequency
will be nearer to zero and one when measured in terms of
magnitude. This resembles that the Metasurface behaves
as band pass filter.

In order to extract the material parameters (¥ and #
), unit cell of the Metasurface with lattice vector is con-
sidered. Boundary conditions (Master, Slave and Perfect
E) and Excitations (Floquet Port) are appropriately set
to different face of the three dimensional unit. S11 and
S21 parameters are extracted from the simulation and the
electromagnetic parameters are derived using MATLAB
Script. The S parameters extracted from the HFSS are in
.csv format. The equivalent permittivity and equivalent
permeability are obtained from the following Equations:

(1+511)% + 53,

gyl —511)% + 53, (1)

Ei“kdzxiﬂ. 1 —X3 ()

(51, +53,)
X= 25 (3)
Where, Z is the equivalent impedance, n is the refrac-
tive index, k is the wave number and d is the thickness of
the Metasurface. Z and n are in complex form. effective
permittivity and permeability can be obtained by the fol-
lowing mathematical expressions:

T
£p — f (4)
HR=n*Z (5)

After calculating the effective permittivity and effec-
tive permeability from the Equation (4) and (5), the
curves are shown in Figure 4 and
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Figure 2. Reflection phase vs. Frequency.
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Figure 3. Transmission and reflection co-efficient vs,
frequency.

Real permittivity and permeability

s 2 25 3 35 1 a5 5 55
Frequency (GHz) 3
Figure 4. Real part of permeability and permittivity vs.
frequency.

Figure 5. It is noted that electrical parameters curves
are negative in the frequency range of 1.5 GHz to 5.5
GHz, which showed the metamaterial behaviour in the
region of interest.
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Figure 5. Imaginary part of permeability and permittivity vs.
frequency.
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3. Antenna Geometry

The proposed Metasurface antenna structure is composed
of microstrip line fed elliptical antenna and the square
corner truncated Metasurface is shown in Figure 6. The

elliptical slot antenna is designed with a Rogers substrate
of dielectric constant £r = 3.8 and loss tangent (tand =
0.004) and thickness of 1.524 mm. A 50 £} microstrip

line is imprinted upon the substrate and the elliptical slot
is cut on the bottom of the substrate, as shown in Figure
6(a) and Figure 6(b). A vacuum is present between the
elliptical slot antenna and the Metasurface antenna with a
thickness of 1 mm.

(@) (b)
Figure 6. Structure of (a) Elliptical slot antenna with
microstrip patch feed and (b) Metasurface.

4. Analysis of Antenna

4.1 Reconfiguration Mechanism

The Metasurface can reconfigure the polarization of ellip-
tical slot antenna into LHCP, RHCP and LP as shown in
Figure 7. When the elliptical slot antenna energizes the
Metasurface oriented in the direction, the incident elec-
tric field can be split into two orthogonal components

with phase difference of 90° | the resultant E-field
through the Metasurface will be of Left-Hand Circular
Polarization (LHCP) wave. When fp 90" , the Right-
Hand Circular Polarization (RHCP) wave is radiated
from the Metasurface. When &a = 4% or 8 =135°

, the E-field can be split into two components with same
amplitude and phase. The resultant field through the
Metasurface is Linear Polarization (LP).

In constructing the Metasurface antenna, the radia-
tor side is placed above the Metasurface substrate and the
bottom layer is kept on the vacuum layer, which directly
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makes contact with the elliptical slot antenna with
microstrip line feed in the top layer of the source antenna.
An aperture coupled feed is used to feed the microstrip
patch feed via the ground is shown in Figure 8.

RHCP

LHCP LHCP

RHCP

Figure 7. Polarization for different rotation angles.

Metasurface Vacuum Substrate Slot

Figure 8. Diagrammatic representation of Metasurface
antenna.

4.2 Effect of Coupling

In the aperture coupled microstrip feed line, the coupling
between aperture and radiating element determines the
radiation properties of an antenna. The coupling mainly
depends on the shape of the patch and feed line. The
impedance bandwidth of an antenna can be proposed
by changing the antenna shape and feed line shape. The
antenna performance is studied by changing the shape of
the feed line. At the end of the feed line a stub is con-
nected with a length of 34.5 mm and width of 20 mm.

Vol 9 (44) | November 2016 | www.indjst.org

If we change the length and width of the stub, it is noted
that the variations in return loss and resonant frequency
is observed is shown in the Figure 9. It is also observed
that gain of the antenna as shown in Figure 10, varies
when the stub length and width is changed as tabulated
in Table 1. From above analysis, the radiation properties
of an antenna depend on the coupling effect between the
feed line and the radiator.
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Figure 9. Return loss vs. frequency.
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Figure 10. Gain vs. theta

Table 1. Parametric Study
Dimensions of Stub Centre
Longth [ width | Fredueney | Gain (4
(mm) (mm) z
325 18 3.1414 3.46
335 19 3.3000 3.67
34.5 20 3.5000 4.05
355 21 3.7000 4.02
36.5 22 3.9000 4.11
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5. Simulated Results

5.1 Return Loss Bandwidth (RLBW)

The proposed Metasurface antenna is simulated and
studied using HFSS tool. For different rotation angles, the
return loss bandwidth is simulated. Since the Metasurface
is the mirror image for f2=0" and 90" , the results for
LHCP and RHCP are same as shown in Figures 11(a)
and 11(c), respectively. The return loss bandwidth (S11
< -10 dB) are from 3-4 GHz. At rotation angle fr =45
® for linear polarization the frequency range shifts from
3.6 GHz to 3.78 GHz as shown in Figure 11(b). And for
rotation angle fr = 135" thereturnloss S11 frequency
band shift from 3.46 GHz to 3.91 GHz as shown in Figure
11(d).
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Figure 11. Simulated return loss S | for(a) e _ 0%, (b) e _
45° () @ =90° and () =135° .

5.1 Axial Ratio Bandwidth (ARBW)

The simulated Axial Ratio (AR) of the Metasurface
antenna is shown in Figure 12. Since the fr=0" and
fr= 90" are similar because of the mirror image of
each other as shown in Figure 12(a) and 12(c). The simu-
lated AR is less than 3 dB from 3.48 GHz to 3.80 GHz
for LHCP with an Axial Ratio Bandwidth (ARBW) of
320 MHz. Similarly the RHCP is from 3.42 to 3.77 GHz
Axial Ratio Bandwidth (ARBW) of 350 MHz. For rota-
tion angle Pr=45" and 135" , the antenna operates in
Linear Polarization (LP) shown in Figure 12(b) and 12(d)
shows that the Axial Ratios are larger than 10 dB from 3.2
GHz to 3.9 GHz.
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6. Radiation Pattern

=150 =

5 i The radiation pattern of the Metasurface antenna oper-

3' ated at 3.5 GHz is simulated for different rotation angles
150 = as shown in Figures 13(a), 13(b), 13(c) and 13(d). From

- the result, it is observed that the Metasurface antenna has

: unidirectional radiation pattern, instead of omnidirec-
tional pattern. At 3.5 GHz, the gain of 7.5 dBi is obtained
for both LHCP and RHCP and that for LP is 6.8 dBi.
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Figure 13. Simulated radiation pattern at 3.5 GHz for (a) e
=0°, )8 =45° ()@ =90° and ()F =135° ° .
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7. Conclusion

A Metasurface based circularly polarized reconfigu-
rable antenna is designed and simulated. The unit cell
of Metasurface is designed and characterized to have in-
phase reflection at around 3.5 GHz that is used to form
the Metasurface structure. The Metasurface can be recon-
figured to three polarization states namely LP, RHCP and
LHCP by spinning the Metasurface around the centre of
the elliptical slot antenna. The impedance bandwidth of
about 370 MHz is obtained for all states of polarization.
The proposed antenna gives the 3 dB bandwidth of about
350 MHz for LHCP and RHCP. The work can be further
improved to achieve improved ARBW in future and also
study the experimental analysis to verify the simulated
results.
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