International Journal of Microwave and Wireless Technologies, 2015, 7(6), 753-758.
do0i:10.1017/51759078714000981

RESEARCH PAPER

(© Cambridge University Press and the European Microwave Association, 2014

A CPW-fed reconfigurable patch antenna
with circular polarization diversity

CH. SULAKSHANA AND L. ANJANEYULU

This paper presents a simple and compact coplanar waveguide (CPW)-fed circular-shaped reconfigurable patch antenna with
a switchable circular polarization (CP) sense. The circular patch is cut at the ends vertically and switches are introduced to
connect the patch ends. By controlling the ON/OFF status of the two switches, the polarization of the antenna can be switched
between two states: left-hand circular polarization and right-hand circular polarization. The patch is designed on a very thin
RT Duroid substrate of dielectric constant (e,) of 2.2 and thickness of 0.254 mm. The overall antenna dimensions are 35 X
30 mm. The antenna is designed and simulated using finite-element method -based EM simulator, HFSS. For each switching
condition the return loss curve, radiation pattern are obtained. Axial ratio curves for polarization diversity cases are also
plotted. Parametric studies have been made in order to get optimized values for certain antenna dimensions such as thickness,

CPW ground to feed gap, etc.
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. INTRODUCTION

With the rapid development of wireless communications,
many systems require multifunctional terminals. Such term-
inals must operate at different frequency bands, and have dif-
ferent polarizations with appropriate radiation patterns. These
factors have led to the research into reconfigurable antennas.
The properties of the reconfigurable antennas make them
adaptable to changing system requirements and provide add-
itional levels of functionality for any system. For example,
reconfigurable antennas can improve a weak or noisy connec-
tion or redirect the transmitted power to save battery life in
portable wireless devices. To configure means to organize ele-
ments of something in a particular form or figure. Hence, the
reconfigurable antennas are the antennas that can change
their operating frequencies, impedance bandwidths, polariza-
tions, and radiation patterns independently according to
changing operating requirements. Accordingly, these anten-
nas are classified into three categories: frequency diversity,
polarization diversity, and pattern diversity reconfigurable
antennas.

Single antenna having the ability of switching between
different polarization senses is called polarization diversity
reconfigurable antenna. Such antennas received consider-
able attention over the past decade because of many advan-
tages such as insensitivity to signal orientations and
polarization, eliminate signal fading in multipath propagation
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environments. They are used in multi-system operation in
order to reduce number of required antennas, and they can
provide double transmission channels for frequency reuse
radio transceivers. There are several ways to achieve circular
polarization; one way is to excite a geometrically symmetrical
antenna by two identical orthogonal modes, another way is to
use a single patch antenna which has asymmetry in its struc-
ture and excited by two degenerated modes; yet another way
is by feeding two identical orthogonal patch antennas in
quadrature.

Polarization reconfigurable antennas use switching mech-
anism to operate in different polarization states. In [1], a
reconfigurable aperture-coupled patch antenna with switch-
able polarization is proposed. They have used the dual-feed
structure to provide orthogonal linear polarizations (LPs)
and orthogonal circular polarizations (CPs). A single-port
reconfigurable antenna capable of modifying the polarization
pattern with switch parasitic elements is proposed in [2].
Many other CP reconfigurable antennas are proposed,
which have more than one feeding element [3], several para-
sitic structures [4], and several layers below the main radiating
patch [5], which makes the design more complex. In [6], a
square patch antenna with two L-shaped slots in the ground
plane that generates CP is employed and polarization diversity
is obtained by altering the current path through switches that
selects two L-shaped slots at a time. In [7], a polarization
diversity antenna that generates six LPs at 30° interval was
designed. The main radiating element is a circular patch
embedded with a ring slot, which employs 12 diodes that
are placed at equal spacing across the slot. In another case
[8], polarization reconfiguration process is achieved by
having two feed points which are 9o° apart from each other
fed to the central circular patch. In [9], a modified
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H-shaped aperture fed to a square patch is employed to get
reconfigurable polarization that switches between horizontal,
vertical, and 45° LPs in wireless local area network (WLAN)
bands 2.4 and 5.8 GHz. A bandwidth enhancement technique
for a polarization reconfigurable patch antenna is proposed in
[10]. In this, a pair of stair case slots with two PIN diodes in the
ground plane of a square radiating patch is used to achieve
three polarization states namely LP, right-hand circular polar-
ization (RHCP), and left-hand circular polarization (LHCP).

All the above designs are complex and used microstrip
feeding technique to achieve polarization diversity. This
paper presents a simple, novel, and compact size antenna
using geometrically symmetrical patch with less complex
design. The main objective of our study is to achieve wide
bandwidth using coplanar waveguide (CPW) feeding tech-
nique. CPW feed has other advantages beside improved band-
width such as low radiation loss, less crosstalk between
adjacent lines because of presence of ground plane, simplified
fabrication, easy surface mounting of active and passive
devices (for example, radio frequency (RF) switching
devices). This paper is organized as follows. Section II
describes antenna geometry and radiation mechanism.
Simulated results and discussions are presented in Section
III. Finally, Section IV provides conclusions and applications.

. ANTENNA DESIGN

Figure 1 shows the geometry of the proposed polarization
diversity reconfigurable antenna. The antenna is designed
on a very thin Rogers RT/Duroid 5880 substrate with a thick-
ness of 0.254 mm and having dielectric constant of 2.2. The
basic structure consists of a circular patch of radius 6 mm
which is fed by CPW feed. The dimensions of the antenna
are L, = 15.3 mm, L, = 3.6 mm, W, = 30 mm, W, = 7 mm,
h=o0.254 mm, g, = 0.5 mm, d = 2.0 mm, and CPW ground
to feed gap ¢ = 0.4 mm. The size of the antenna is 35 X
30 mm that include radiating patch and the ground.

At first we have considered an antenna shape (circular-
shaped patch) which is geometrically regular and which can
be analyzed using simple formulae, and easy to calculate the
geometrical properties such as area, etc. The final dimensions
of the patch are optimized, to obtain as low return loss as pos-
sible for a given frequency/application area. In this case with
r= 6 mm, the patch exhibited low return loss at 2.4 GHz
(WLAN application). The formula for calculation of resonant

Fig. 1. Structure of the proposed reconfigurable antenna.
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frequency ‘f, of the circular patch in terms of radius is given

by (1).
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where

a, = a|:1 + ;azr {ln(%) + 1.7726}:|1/2,

where ., = 1 in this case, °c’ is the velocity of the light and a, is
the effective radius, ‘@’ is the actual radius of the circular patch
and ‘%’ is the thickness of the substrate. The actual radius ‘@’
calculated from the above formula of the circular patch,
which resonates at 2.4 GHz is 24 mm but due to introduction
of rectangular slots near the two opposite edges, the radius is
reduced by four times.

The structure of the basic patch is altered to introduce CP
effect. Two degenerated resonant modes which are having
90° phase difference are generated by cutting the original circu-
lar patch at 2.0 mm distance from two sides of horizontal dia-
metric edges. These left out patches are connected to the main
patch through switches S, and S,. These two switches in the
simulation are realized as short copper paths. Presence of the
path is treated as ON and absence as OFF. Switch dimensions
are chosen to be very small (0.5 X 0.5 mm) so as to realize
the practical ON state switch current path. This method pro-
vides a good approximation for realization of ON state PIN
diode. Table 1 shows the different switch state configurations
that allow the antenna to operate in different polarization states.

. SIMULATION RESULTS AND
DISCUSSIONS

The antenna is designed and simulated using commercial elec-
tromagnetic simulator (EM) high frequency structure simulator
(HFSS) which is based on the finite-element method numerical
technique. In HEFSS, to evaluate radiated fields in the far-field
region, an infinite sphere that surrounds the radiating object is
considered. This is called antenna radiation box inside which
antenna resides. The sides of radiation box are placed at A/4 dis-
tance from the main radiating patch. Lumped port excitation is
given to the central conductor of the CPW feed of the antenna.
The simulation setup details that are considered for analyzing
the antenna are given in Table 2.

For the case of basic circular patch without switches, the
fundamental mode TM,, is excited. The EM simulation obser-
vations reveal that by introducing switches in the antenna to
accommodate the CP effect, the surface current path gets
modified and the fundamental mode TM,, splits into two
near degenerate resonant modes.

Table 1. Different switch configurations for the proposed reconfigurable

antenna.
Mode S, S,
1 OFF OFF
2 ON OFF
3 OFF ON
4 ON ON
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Table 2. Simulation setup parameters.

Parameter Type/value

Solution frequency 2.4 GHz
Maximum no. of passes for adaptive solution 20
Maximum Delta S

0.02
Frequency sweep type Discrete
Start frequency 1 GHz

Stop frequency 12.5 GHz
Range of Phi 0°-360°
Range of Theta —180°-180°

The antenna in Mode 1, when both switches are OFF, gener-
ates vertical LP and resonates at 2.9 GHz. In Mode 2, when S, is
ON and S, is OFF, due to the quasi-symmetrical structure, the
slot near the left edge of the circular patch perturbs the
current by changing the length of the surface current vector in
the x-direction without affecting current vector directed along
the y-direction. This makes the fundamental mode TM,, split
into two orthogonal degenerate modes with equal amplitude
and 90° phase shift and the instantaneous surface current
vector on the circular patch rotates and thus the radiated field
is circularly polarized. The direction of the current vector is
counter clockwise hence the antenna has the RHCP pattern.
Similarly, when the antenna operates in Mode 3, i.e. when §,
is OFF and S, is ON, the slot near the right edge of the patch
changes the current perturbation and the two degenerated
orthogonal modes have equal amplitude and —9o° phase
shift, which make the surface current vector rotate in the clock-
wise direction producing the LHCP pattern. Figure 2 shows the
surface current distributions on the circular patch in Mode 3, at
the switch S, at time instances t = o, T/4, T/2, and 3 T/4.

A) Return Loss

The return loss curve of the proposed reconfigurable
antenna for all the four cases is shown in Fig. 3. It shows

Fig. 2. Surface current distributions of the antenna operating in Mode 3.
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Fig. 3. Return loss curve for all possible switch configurations.

that the antenna when operated in Mode 1, resonates at
2.7 GHz. Since both the switches are OFF, its electrical
length is small compared to other three cases and hence it
resonates at higher frequency. In Mode 4, the electrical
length of the antenna is large compared to other cases,
hence it resonates at lower frequency 2.38 GHz. When the
antenna operates in Modes 2 and 3, i.e. when one of the
switches is ON, asymmetry is created in structure and this
creates little perturbation of the fundamental mode TM,,
and hence the resonant frequency is slightly increased to
2.45 GHz.

B) Radiation Pattern

Figures 4(a)-4(d) show the radiation pattern in the elevation
plane, ie. at the x-z and y-z plane cuts for the proposed
reconfigurable antenna operating in all the four modes. The
patterns are drawn at their respective operating frequencies.

The axial ratio curves of the proposed reconfigurable
antenna when it is operated in polarization diversity mode,
i.e. in Modes 2 and 3 are shown in Fig. 5.

t=3T/4

(d)
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Fig. 4. Radiation patterns in the elevation plane.

& o = o
| I T |

Axial Ratio (dB)

[
|

=

2 3
Frequency (GHz)
(a)

Fig. 5. (a) Axial ratio for Mode 2, (b) axial ratio for Mode 3.

C) Parametric Study

To obtain good results, different parameters of the antenna
structure are varied and optimized values are considered.
The thickness of the substrate is varied to improve the
return loss characteristics, and for impedance matching the
feed width is varied. The comparative study of the return
loss characteristics for different values of feed width and thick-
ness of the substrate are given in Tables 3 and 4, respectively
and their corresponding graphs are shown in Figs 6 and 7. It is
observed that the return loss curves were shifted left as the
feed width L, is increased from 0.8 to 3.6 mm and return
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loss increased drastically to 40dB for L, = 3.6 mm and
when thickness is varied from 0.254 to 1.575 mm there is no
appreciable change in resonant frequency, but there is a
large increase in return loss for the minimum available thick-
ness. Hence, L, = 3.6 mm and h = 0.254 mm have been con-
sidered as optimum values.

The distance ‘4’ is also varied to study the performance
characteristics of antenna. The variation in the return loss
and the —10 dB bandwidth, when the proposed reconfigur-
able antenna is operated in Mode 1, are shown in Fig. 8. For
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Table 3. Comparison of return loss for different values of CPW ground to

feed gap ‘¢
Feed width L, (in mm) Frequency (GHz) Return loss (dB)
3.6 2.34 40.0
2.4 2.15 16.7
1.8 2.01 17.7
1.2 1.92 16.7
0.8 1.83 14.4

Table 4. Comparison of return loss for different values of available sub-
strate thicknesses.

Thickness (h in mm) Frequency (GHz) Return loss (dB)
1.575 2.20 30.7
0.787 2.29 37.2
0.508 2.29 37.1
0.381 2.34 41.9
0.254 2.38 43.3
<
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Fig. 6. Return loss curve for different.
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g. 7. Return loss curve for different values of ‘¢’ available thicknesses.

d > 2.0 mm, bandwidth, which is comparable to other cases is
obtained and for all other values (i.e. for d < 2.0 mm), a
broadband characteristic is obtained.
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Fig. 8. Return loss curve for different values of ‘4" when the antenna is
operated in Mode 4.

Table 5. Results.

Antenna parameters Mode 1 Mode 2 Mode 3 Mode 4
Operating frequency (GHz) 2.65 2.45 2.47 2.35
Bandwidth (GHz) 2.07 2.14 2.25 2.23
Bandwidth (%) 78.11 87.3 91.1 94.9
Return loss (dB) 18.5 24.7 24.5 46.0
VSWR 1.23 1.09 1.09 1.01
Polarization LP RHCP LHCP LP
Application S-band WLAN WLAN WiMAX
application

The effective —10 dB return loss impedance bandwidth of
80% is obtained. The simulated results of the proposed
antenna are tabulated in Table s.

V. CONCLUSION

This paper presents a simple and compact circular-shaped
reconfigurable patch antenna with CPW feed. The antenna
switches between LP, RHCP and LHCP. The use of CPW
feed to improve the overall impedance bandwidth has been
demonstrated using single layer and single feeding element
to achieve circular polarization. The proposed antenna has
very good return loss, voltage standing wave ratio (VSWR),
and impedance bandwidth at the operating frequency band.
The antenna operating in Modes 2 and 3 operates at the
same frequency and it can be useful in wideband WLAN
applications in order to increase number of channels in a
given bandwidth and when it is operating in Mode 4, can be
used for WiMAX application.
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