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Abstract-A new broadband circularly polarized
planar monopole antenna with coplanar waveguide
feeding (CPW-fed) is proposed. This antenna
consists of a couple of linked symmetric square
patches (CLSSP), an asymmetric ground plane and
two strips connected to the left ground plane by the
CLSSP radiator and a straight strip. A broad
impedance bandwidth  (IBW) is achieved.
Moreover, a broad axial ratio bandwidth (ARBW)
is obtained by using an asymmetric ground plane
and an inverted L-shaped strip. Simulation results
demonstrate that IBW reaches 119% (1.56-6.18
GHz) and ARBW is 88.9% (2-5.2 GHz). The latter
is completely overlapped by the simulated IBW. In
addition, antenna performance is investigated by
studying different parameters.

Index Terms- monopole antenna, broadband
antenna, circularly polarized (CP), axial ratio (AR).

I. INTRODUCTION

Circularly polarized (CP) antennas, which exhibit
the advantages of reducing  multipath
interference, polarization mismatch losses and
Faraday rotation effects and providing a flexible
and stable communication link between the
transmitter and the receiver, have been widely
used in various modern wireless communication
systems [1-3]. Regarding antenna performance, a
broad impedance bandwidth (IBW), a broad axial
ratio (AR) bandwidth (ARBW) and compact size
are considered when selecting an antenna type

and prototype design. Printed monopole antennas
have received considerable attention in modern
wireless communication systems because they
offer many advantages, such as a low profile, a
simple structure and the ability to provide
broadband IBW and ARBW [4-9].

Designing a single broadband monopole antenna
with CP property is highly desirable to cover
multiple communication frequencies because
such antenna positively and significantly affects
the system size, interference, cost and complexity
[10-14]. Therefore, various antenna topologies
and techniques have been proposed in the
literature to achieve wide ARBW for planar CP
monopole antennas. Examples include a simple
monopole antenna with parasitic strips [15], a
loaded spiral stub [16], a C-shaped radiator patch
with two asymmetric triangular stubs connected
to the ground plane [17], a coin-shaped radiator
[18] and a simple straight monopole antenna with
two loaded open loops [19]. However, CP
antennas [15-19] have relatively broader IBW
and ARBW compared with those of other
antenna types, but such bandwidth extension is
achieved at the expense of enlarging the physical
dimensions of CP antennas.

Therefore, various broadband CP monopole
antennas have been proposed in [20-23] to
alleviate the challenge of achieving trade-off
between antenna size and achieved bandwidth
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(IBW and ARBW). These antennas have an
inverted L-shaped strip with a thin horizontal
open slot [20], a C-shaped radiator patch in
addition to loading a G-shaped parasitic strip
[21], a hook-shaped partially ground plane with
an inverted L-shaped feed line [22] and a cross-
shaped radiator with a modified ground plane
[23]. Although the techniques proposed in [20-
[24] are used to achieve a wide CP band with
compact size, IBW and ARBW remain narrow.
To cover most wireless communication systems
with a relatively compact size, a compact CP
monopole antenna with broader IBW and ARBW
is desirable.

In the present letter, a simple and compact
coplanar waveguide (CPW)-fed CP monopole
antenna is proposed. This antenna is designed to
achieve broad IBW and ARBW without the use
of slots or passive components. It provides a
good trade-off ratio between achieved bandwidth
(IBW, ARBW) and antenna size due to its use of
a couple of linked symmetric square patches
(CLSSP) and straight and inverted L-shaped
strips that are connected to the left CPW ground.
The designed antenna obtains an IBW of 119%
(1.56-6.18 GHz), which is considerably wider
than those in recent studies. Meanwhile, ARBW
reaches 88.9% (2-5.2 GHz).
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Fig. 1.  Proposed printed CP antenna: (a) front and
(b) side views
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Il. ANTENNA DESIGN AND ANALYSIS
A Antenna Design

Figure 1 presents the configuration of the
proposed antenna. The antenna is printed on top
of a W x L mm? FR4 substrate with a dielectric
constant of 4.4, a thickness of 0.8 mm? and a loss
tangent of 0.02. The proposed antenna is fed by a
50 Q microstrip line on the bottom side with w
(width) and | (Iength). The gap between the feed
line and the CPW ground is g. The dimensions of
the antenna prototype are optimized using CST
Microwave Studio and presented in Table 1.

Table 1: Dimensions of the)proposed antenna (Unit:
mm

Parameter Value Parameter Value Parameter value

w 39 lsy 13 loa 12.25
L 39 ls2 11 lg2 14.5

Wi 2.2 [P 13.5 o[} 0.5
W1 25.5 IrZ 13.5 o) 0.5
Wa 10.3 |r3 10 (O] 1
Wi 3 It 155 W1 9.9
Wer 3 I 26.75 Wi 121
Ws 3 h 0.8 t 0.035

B. Antenna Development Stages

The structure topology of the coplanar waveguide
(CPW-Fed) antenna is considered as one of most
suitable ones for broadband CP printed monopole
antennas due to its different advantages. These
advantages include the ability to provide
wideband, broadband, or ultra-wideband IBW
with compact size and obtain broadband CP
bandwidth; uniplanar geometry;
omnidirectionality; and easy integration with
broadband communication systems [25],[26].

The main drawback of the CP monopole antenna
is the manner of obtaining a broad CP bandwidth
with its compact size. To overcome this
limitation, we propose a geometry with a left
strip and modified ground plane so as to extend
the IBW and CP band, respectively, without
maximizing the antenna size.
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Ant.1 is a normal planar monopole antenna that
consists of the two rectangular monopoles, the
length of the two radiator patch is approximately
a quarter wavelength, and the initial value of
patch length (lo) is obtained by using this
formula:

+1 zﬁ: A = ¢
o = inTl2 7 4\% 4fr\/§

Where

& +1

r

2

geff -

Where, A is the free-space wavelength of the
monopole resonant frequency fr, e« is the
approximated effective dielectric constant and ¢
is the speed of light.

Then the development of the proposed antenna
design is based on the parametric study. The
dimensions of the stub and strips are also varied
to obtain the broad IBW and ARBW.

To explain the proposed antenna design
procedure, five prototypes are presented in
Figure 2. The simulated Si; and AR results are
plotted in Figures 3 (a) and 3 (b) respectively. A
conventional CPW-fed monopole antenna is
improved by using two ground planes with
symmetric lengths. In additional to placing a
microstrip line with a length of approximately a
guarter wavelength and a radiator patch (i.e.
CLSSP) above the substrate, as depicted in
Figure 2 Ant.1. The feed line length, ground
length and radiator dimensions are optimised to
obtain the best impedance matching and the
fundamental resonance at the centre frequency
with an IBW of 1.25 GHz (3.5-4.75 GHz), as
shown in Figure 3 (a). At this stage, the antenna
is linearly polarised (LP) because the AR values
are extremely large (AR > 13 dB), as observed in
Figure 3 (b). To generate the second resonant
frequency at lower frequencies and extend the
IBW at the centre frequency to the upper
frequency side, the width of the left CPW ground
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is tuned, as depicted in Figure 2 Ant. 2. A slight
improvement in AR values is achieved for the
full band except for the AR values at the band
(4.8-5.75 GHz), as shown in Figure 3 (b).
Nevertheless, the AR values remain large (AR >
10 dB). Thus, the radiation wave of the proposed
antenna at this stage is still LP.

Ant.1 Ant.2 Ant.3

-

Ant 4 Ant.5

Fig. 2. Development of the proposed antenna.

To further improve IBW and ARBW, an
asymmetric ground plane is applied by tuning the
length of the right CPW ground plane (lg2), as
depicted in Figure 2 Antenna 3. The simulated
results of Antenna 3 exhibit better antenna
performance compared with that of Antenna 2, as
shown in Figures 3 (a) and 3 (b). In Antenna 4, a
simple straight strip is placed on the left edge of
the left CPW ground plane to enlarge IBW at the
lower and upper frequencies and further improve
the Si; values in the entire IBW, particularly at
the mid-frequency band, as observed in Figure 3
(@). Moreover, the straight strip plays an
important role in AR enhancement, generating
dual CP bands at 2.9 GHz and 4.6 GHz with 0.8
GHz (2.6-3.4 GHz) and 0.85 GHz (4.25-5.1
GHz), respectively, as shown in Figure 3 (b).

Lastly, in Antenna 5, an inverted L-shaped strip
is introduced into the left side of the CPW
ground plane to improve the Si; values, as shown
in Figure 3 (a), and to merge the dual CP bands,
shift the minimum of AR towards the lower
frequencies from 2.6 GHz to 2 GHz and slightly

[JMOT-2019-11-11851 © 2020 IAMOT

97



Yy
<

1JMOT

shift towards the upper frequencies, as shown in
Figure 3 (b). The final simulation results of the
proposed antenna (Antenna 5) are an IBW of
4.62 GHz (1.56-6.18 GHz) and an ARBW of 3.2
GHz (2-5.2 GHz), as shown in Figures 3 (a) and
3 (b).
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Fig. 3.  Simulation results of Antennas 1 to 5: (a) S11
and (b) AR

Lastly, in Antenna 5, an inverted L-shaped strip
is introduced into the left side of the CPW
ground plane to improve the Si; values, as shown
in Figure 3 (a). to merge the dual CP bands, shift
the minimum of AR towards the lower
frequencies from 2.6 GHz to 2 GHz and slightly
shift towards the upper frequencies, as shown in
Figure 3 (b). The final simulation results of the
proposed antenna (Antenna 5) are an IBW of
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4.62 GHz (1.56-6.18 GHz) and an ARBW of 3.2
GHz (2-5.2 GHz), as shown in Figures 3 (a) and
3 (b).
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Fig. 4.  Simulation results of the optimized antenna
with different wy values: (a) S11 and (b) AR.

C. Parametric Study

To understand the contribution of different
parameters to the IBW and ARBW simulation
results, three parameters are analyzed, namely,
the left ground plane width (w1), the gap between
the left ground plan e and the feed line (g1) and
the inverted L-shaped length (Is1) using CST
Microwave Studio and applying the method in
[27],[28], The other parameters remain constant
at an optimal value, as shown in Table 1.
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1. Effects of wy

Figure 4 illustrates the effects of varying wi
values on antenna performance (Si and AR).
IBW becomes broader as w; decreases, but a
slight interruption occurs at mid-frequency, as
shown in Figure 4 (a). In addition, the entire
ARBW is sensitive with varying w; values.
ARBW tends towards the lower or upper
frequency bands when w; increases or decreases,
as shown in Figure 4(b). Thus, varying w; can
achieve broader IBW and the best AR values.
Accordingly, wi = 25.5 mm is selected to obtain
the broadest IBW with acceptable ARBW.
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Fig.5. Simulation results of the optimized antenna
with different gi values: (a) S11 and (b) AR.
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Fig. 6.  Simulation results of the optimized antenna
with different ls; values: (a) Si1 and (b) AR.

2. Effectsof gs

Figure 5 shows Si1 and AR versus gi. This figure
indicates that g: exerts considerable impact on
IBW at mid-frequency. The Si; values worsen
with decreasing g: value. In addition, ARBW
contracts with decreasing g: value. When g; =
0.6, the Si1 values at 2-3.4 GHz improve but
those at the upper frequencies deteriorate, as
indicated in Figure 5 (a). Meanwhile, the AR
values improve with increasing g: as observed in
Figure 5 (a). Lastly, to obtain the broadest
ARBW with good impedance matching, the
optimal value for g, is set as 0.5 mm.

[IMOT-2019-11-11851 © 2020 IAMOT

99



Yy
<

1JMOT

3. Effects of Is;

The Si11 and AR of the proposed antenna are
investigated with varying lengths Is;. As shown
in Figure 6, the parameter Is; considerably
influences the Si; values at the mid and upper
frequency bands. By contrast, it does not have
any noticeable impact on the Si; values at the
lower frequency band, as depicted in Figure 6 (a).
Meanwhile, changing the value of Is; has a
remarkable effect on antenna AR values. When
Is1 decreases with respect to the optimal value,
the minimum of ARBW tends to shift towards
the high-frequency band from 2 GHz to 2.2 GHz.
Meanwhile, ARBW is enlarged with an increase
in Is1, as shown in Figure 6 (b). The value Is; =
13 mm is selected to obtain the best impedance
matching and optimised ARBW.

I1l. RESULTS AND DISCUSSIONS

As indicated in Table 1, all the dimensions of the
proposed antenna have been optimized to obtain
the best impedance matching with broad IBW
and ARBW. The antenna was designed using
CST Microwave Studio, as depicted in Figure 1.

Figure 7 shows the simulation results for Si; and
AR and the realized gain results of the proposed
antenna. As indicated in Figure 7 (a), excellent
impedance matching is achieved because all the
S11 values are below -18 dB with a broad IBW of
119% (1.56-6.18 GHz). Figure 7 (b) illustrates
that the proposed antenna exhibits high CP purity
because all the AR values are below 2.5 dBi.

The obtained ARBW is 88.9% (2-5.2 GHz), with
70% overlapping with IBW. A stable realized
gain is achieved, as shown in Figure 7 (b), where
the maximum realised gain is 5 dBi at 4.45 GHz,
with a peak gain between 2-5 dBi for the entire
ARBW and an average realized gain of 2.3 dBi
for the entire IBW.

Figure 8 depicts the radiation pattern of the
proposed antenna at 2.4, 3.5 and 5.2 GHz in the
xz (0°) and yz (90°) plane. The proposed antenna
can offer a bidirectional radiation pattern with

INTERNATIONAL JOURNAL OF MICROWAVE AND OPTICAL TECHNOLOGY,

VOL.15, NO.2, MARCH 2020

left hand circular polarisation in the +z direction
and right-hand circular polarization in the —=z
direction. To enhance the antenna gain and
achieve a unidirectional radiation pattern, a
metallic reflector is employed at A/2 distance
below the original antenna, but this may affect
the IBW and ARBW [29],[30].
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Fig.7.  Simulation results of the designed antenna:
(@) S11 and (b) AR and gain.

[

To benchmark the proposed CP monopole
antenna, the antenna is compared with recent
broadband CP monopole antennas in terms of
IBW, ARBW and size. In addition, two new
comparison terms are added to Columns 6 and 7
for further investigation and to easily understand
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the trade-off between the achieved IBW and
ARBW and antenna size.

As indicated in Table 2, the proposed antenna
exhibits the best trade-off between the achieved
IBW, ARBW and antenna size with a factors of
4.6 and 3.33 respectively, in additional to the
proposed antenna has the superiority in terms of
IBW and ARBW broadness and size
compactness in most cases, especially for that
antennas with similar centre frequency of the
proposed antenna.
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Fig. 8.  Simulated radiation patterns at (a) 2.4, (b)
3.5and (c) 5.2 GHz
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Table 2: Comparison of the proposed antenna with
recently developed CP monopole antennas

Ref fc IBW ARBW Size(mm? IBW/ AR/
(GHz) (%) (%) Ao? size  size
[15] 3.4 88 64.7 55 x 50 2.5 1.8
0.35
[16] 4.1 94 76 50 x 48 1.2 2.1
0.44
[17] 4.3 106 104 49 x 55 1.9 1.9
0.55
[18] 5.8 89.2 71 50 x 50 0.95 0.76
0.93
[19] 4.6 87.2 83.9 55 x 55 1.2 1.16
0.72
[200 6.8 588 47.8  25x24 196 155
0.3
[21] 5.8 62.9 53.9 32 x 30 1.75 1.5
0.36
[22] 348 56 63.6 44x44 215 2.4
0.26
[23] 6 555 426  16x22 39 3
0.14

This 3.9 119 88.9 39 x 39 4.6 3.33
work 0.25

VI. CONCLUSION

A compact CP printed monopole antenna with
asymmetric ground plane is presented and
analysed in this work. A straight strip is placed
on the left ground plane to broaden IBW and an
inverted L-shaped strip is also introduced into the
left ground plane to broaden and improve
ARBW. The simulation results show that the
antenna has broad IBW and ARBW of 119%
(1.56-6.18 GHz) and 88.9% (2-5.2 GHz)
respectively. Moreover, the proposed CP antenna
has overlapping ARBW and IBW of 70%. The
antenna is compact and has a simple structure,
low cost, broad IBW and ARBW and the ability
to provide bidirectional radiation waves, making
it suitable for many wireless communication
systems, particularly indoor wireless
communication systems due to its CP property.
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