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Abstract—In this paper, an antenna with polarization
reconfigurability is presented. The antenna consists of a two
cross-slots diagonally positioned in the centre of a circular patch
antenna. Two pair of switches are placed in the slots and by
controlling the length of the slots, three different polarizations
can be reconfigured. The proposed antenna is capable to
reconfigure between linear polarization (LP), right-hand circular
polarization (RHCP) and left-hand circular polarization (LHCP).
The linear polarization is achieved when the lengths of both slots
are equal and the circular polarization type is obtained due to the
inequality of the slot length. Details of the design and simulation
results are discussed. This reconfigurable antenna with
polarization diversity can be used for wireless local area network
(WLAN) application.

Index terms—polarization reconfigurable, patch antenna,
cross-slot

I.  INTRODUCTION

Reconfigurable antennas plays an important role towards
smart, cognitive and modern wireless communication systems.
Recently, polarization diversity antenna has received a
significant attention due to its ability to reduce the multipath
fading, realizing frequency reuse and immunity to interference
signals. Apart from that, this type of reconfigurability are
capable to improve the gains offered by multiple-input
multiple-output (MIMO) systems hence provide better channel
reliability and capacity [1,2]. To design an antenna with
polarization reconfigurability, the antenna structure, material
properties, or feed configurations have to be modified to alter
the current flows of the antenna.

Several antennas with polarization reconfigurations have
been proposed in the literature. The polarization diversity was
successfully achieved through the modification to the feeding
network [3,4]. In [5], a compact polarization reconfigurable
antenna is proposed by switching transition between coplanar
waveguide mode and slot line mode to achieve both
orthogonal linear polarizations.

Single-fed patch antenna with polarization reconfigurable is
designed by using perturbation method such as introduction of
loop slots in the ground plane [6,7]. For reconfigurability, the

slots are connected through p-i-n diodes, which act as a switch.

Another solution proposed is based on the establishment of the
slots on the patch itself [8-10]. By using this method, the slot

dimension is manipulated to obtain the desired polarization
mode.

This paper proposed an antenna with polarization
reconfigurability based on the use of circular patch with two
crossing diagonally slots. Two pair of switches are used to
control the slot length. Consequently, depending on the switch
configuration the antenna can excited with RHCP, LHCP and
LP polarization mode. The simulated results are presented
and key parameters for the proposed antenna are investigated.
In this study, copper strips are used as switches for proof of
concept.

II. ANTENNA STRUCTURE AND APPROACH

In this section, the structure of the proposed antenna is
described. Figure 1 shows the geometry of the proposed
antenna. A circular patch, having a radius r, is designed on the
top layer of the substrate and finite ground plane on the
bottom layer. A dielectric used in the design is Taconic RF35
with thickness, 4 of 1.52 mm, permittivity of 3.54 and tangent
loss of 0.0018. The antenna is excited with a coaxial feed with
a distance of d from the center of circular patch and
incorporating at 45° to the two arms of the cross slots. Two
slots, having a width of wl, is located diagonally cross on the
same layer of circular patch. Four copper strips, which act as
diode, are located at specific position to control the length of
the slot in order to achieve polarization reconfigurability.
The presence of the copper strips means the state of diode is
ON while represent OFF with the absence of copper strips.

Due to the existence of slots, the equivalent excited patch
surface current path along the direction perpendicular to the
narrow slot is lengthened while on the parallel to the slot
orientation is only have slightly affected. Hence, by further
selecting the proper slot length difference and suitable position
for feeding, the two near-degenerate orthogonal resonant
modes can have equal amplitudes and 90 degree out of phase,
and CP operation can thus be obtained. Alternatively, when
the length of the both slot arms are equal, there is no phase
difference between modes and therefore the antenna will
excite LP operation.
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Figure 1: Geometry of the proposed antenna (a) front view
and (b) side view

III. STUDIES OF KEY PARAMETERS

The effect of slot length towards the result of return loss and
axial ratio are investigated. In this analysis, one of the slot
length, L/ is varied from 15 mm to 17.4 mm while the other
slot length, L2 is remained at 15 mm. The effects are shown
in Figure 2. It shows that by lengthening the slot, the return
loss is improved and produces wider bandwidth as shown in
Figure 2(a). At certain length, two resonant frequencies are
obtained due to the two unequal slot lengths.

Meanwhile, in Figure 2(b), it is found that the slot length
greatly influence the CP characteristics. When the lengths of
both slots are equal, which means the length different is zero,
the axial ratio is at constant value and the antenna is excited
with horizontal LP. However, as the length difference is
varied from zero to 2.4 mm, the polarization is changed from
LP to elliptic polarization. The axial ratio decreases as L/
increases. At the specific slot length, starting from 16.2 mm,
the axial ratio value is dropped to below than 3 dB, which
proved that the CP is excited. The range of slot length between
16.2 mm to 17mm is where the antenna is excited with two-
orthogonal equal magnitude modes with 90 degree out of
phase. The polarization is switched again to the elliptic
polarization (AR > 3 dB) when the slot length L2 is greater
than 17 mm.

The parameter 7, influencing the operating frequency and
the distance d is optimized to obtain a good impedance
matching. The optimized values for the parameters are given
in Table I. The dimension of the copper switches used in the
designis 0.5 mm x 0.5 mm.

TABLE I
DIMENSIONS OF THE PROPOSED ANTENNA
Parameters L w L1 L2 L3
Value (mm) 55 55 16.4 16.4 15
Parameters r D wl h t
Value (mm) 17 2 0.5 1.52 0.035
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Figure 2: Effect of the slot length, L1 (mm) to the ;(a) S11
(dB) and ;(b) AR (dB)

IV. SIMULATION RESULTS AND DISCUSSION

Two pair of switches is used to control the length of the
slots. Pair 1, consist of switch 1 (S1) and switch 2 (S2) are for
L1 meanwhile pair 2 which is a combination of switch 3 (S3)
and switch 4 (S4) are for L2. By changing the state of the
switch, either ON or OFF, consequently the polarization of the
antenna can be changed. When slot length L/ is less than L2,
RHCP mode is achieved while in contrast it, LHCP mode is
excited when L/ is greater than L2. When both slot lengths are
equal, horizontal LP is excited. There are four configurations
involved; S1&S2 is ON and S3&S4 is OFF; S1&S2 is OFF
and S3&S4 is ON; all switches are ON, and; all switches are
OFF.
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Figure 3: Simulated return loss, S11 (dB) for all switch
configurations
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Figure 4: Simulated axial ratio (dB) for CP

The simulated S-parameters for all configurations are
shown in Figure 3. The simulated 10-dB return loss
impedance bandwidth, are from 2.418 to 2.478 GHz, 2.454 to
2.488 GHz, and 2.427 to 2.440 GHz for both type of CP
(configuration 1 and configuration 2), configuration 3 and
configuration 4, respectively. The percentage of bandwidth for
CP is 2.4% (60 MHz) with respect to the center frequency of
2.454 GHz. The bandwidth of the proposed antenna is narrow
due to the characteristics of the patch antenna itself.

For antenna configuration 3 and configuration 4, it excites
with LP. However, the resonant frequency is different as the
length of the slots give an effect to the resonating frequency.
Lengthened the slot length will decreased the center frequency.
Hence, the presence of the copper strips will radiate at higher
frequency compare to when all switches are at OFF state.

Figure 4 presents the axial ratio against frequency graph for
the CP modes. The axial ratio value for LP is constant for any
frequency. The antenna excites with CP mode between
frequency range of 2.431 GHz to 2.447 GHz, which is about

Figure 5: Electric field distribution on the patch for
configuration 1 at 2.44 GHz (a) 0°; (b) 90°; (c) 180° ; (d) 270°
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Figure 6: Simulated radiation patterns for E-plane and
H-plane for all switch configurations at resonant frequency
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Figure 7: Simulated gain over frequency for all switch

configurations



TABLE II
SIMULATION RESULTS OF THE PROPOSED ANTENNA

Switch state Bandwidth AR Bandwidth )

Configuration Polar Type ( Gliiz) (?1}31) (GHz) (GHz) 212]1_:)1
S1 | S2 | S3 S4 fL fu fi fu
Conﬁglura“on ON | ON | OFF | OFF RHCP 2454 | 24812 | 2418 | 2478 | 2431 | 2447 | 57
Configation | opp | OF | ON | ON | LHCP | 2454 | 24812 | 2418 | 2478 | 2431 | 2.447 | 57
Conﬁg;“a“on ON |OoN | ON | ON LP 2471 | -14.554 | 2.454 | 2.488 NA 5.6
Conﬁgfm“on OFF OFF OFF | OFF LP 2434 | -10360 | 2.427 | 2.440 NA 5.2
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16 MHz of 3-dB bandwidth. The percentage of bandwidth for
CP is 0.7% with respect to the center frequency 2.471 GHz
when L/ =16.4 mm.

The return loss and axial ratio for both RHCP and LHCP
give similar results. The different is on how the electric field
flow on the patch antenna, either on clockwise or anticlockwise
rotation. Figure 5 shows the electric field distribution on the
radiating patch at different phase for RHCP which illustrates
the rotation of an electric field with right-hand circular path.

The simulated radiation pattern for E-plane and H-plane are
plotted in Figure 6. The gain obtained at the resonant
frequency for CP is 5.7 dB whilst 5.6 dB and 5.2 dB for
antenna configuration 3 and configuration 4 respectively. The
variation value of gain over frequency is shown in Figure 7.
Good broadside radiation patterns with 3-dB beamwidths with
more than 90° are observed for all configurations. The
summary for the simulated results are tabulated in Table II.

V. CONCLUSIONS AND FUTURE WORK

A cross-slots microstrip patch antenna with polarization
reconfigurability has been presented in this paper. From the
simulation results, it shows that the polarization
reconfigurability can be obtained by controlling the length of
the slots. To achieve this, four switches are used to enable the
antenna to radiate between LP, RHCP and LHCP. The
simulated bandwidth extends from 2.418 to 2.478 GHz for CP.
Bandwidth for LP is 34 MHz and 13 MHz for antenna
configuration 3 and configuration 4 respectively. An axial ratio
bandwidth of 16 MHz is achieved for CP mode. Throughout
the simulation process, copper strip is used to represent switch.
In future, the proposed antenna will be fabricated and PIN
diodes will be used as switches to replace the copper strips.
This proposed antenna can support various applications in
WLAN systems.
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