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Abstract—This work presents a new circularly polarized
monopolar microstrip antenna for future smart mobility
communication system. The proposed antenna consists of
hexagonal quasi-circular patches on the top plane,
complemented by asymmetric trapezoid slots on the ground.
By integrating rotated asymmetric trapezoid ground slots,
the antenna induces a radiation pattern characterized with
right-handed circularly polarization. The parameters have
been optimized by precise design considerations for
enhanced performance.
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1. INTRODUCTION

Circularly polarized (CP) monopolar microstrip antennas
with omnidirectional radiation patterns are widely employed
in modern wireless communication systems due to their
resistance against multipath distortion and polarization
mismatch losses. Their capability to offer expanded signal
coverage, improve signal transmission stability, and their
adaptability for installation on moving vehicles further
amplifies their effectiveness. Therefore, numerous studies
have explored the realm of omnidirectional circularly
polarized (CP) antennas.

In this research, our primary aim was to attain circular
polarization in a quasi-circular arrangement of seven
hexagonal patched monopolar microstrip antenna. To achieve
this, we investigated a novel symmetric and asymmetric
trapezoid ground slot structures. Then, the incorporation of
asymmetrical trapezoid ground slots yielded right-handed
circular polarization (RHCP). This structural enhancement
contributes to the overall simplicity of the antenna design. The
next sections will delve into specific aspects of the proposed
antenna, including its configuration, parametric study, electric
field distribution, reflection coefficient, radiation pattern,
electrical characteristics.

II. ANTENNA DESIGN AND ANALYSIS

A. Configuration of Proposed Antenna

The proposed antenna structure is depicted in Fig. 1. The
antenna comprises a 1.575mm thick RT/Duroid 5880
substrate with a diameter of 86 mm, possessing a relative
permittivity of 2.2 and a loss tangent of 0.001. To provide an
omnidirectional radiation pattern, a hexagonal patch is
positioned on the top plane of the substrate acts as a radiator,
and directly connected to a 50-ohm coaxial line, along with
six patches arranged in a quasi-circular shape.
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This unique configuration, where the length of a single
patch equals half the guided wavelength, results in the
identification of the first yielding mode as the non-
fundamental 1.5 wavelength resonant mode. On the bottom
plane of the antenna, a conventional wire grounded structure
is employed for control impedance matching, positioned
opposite the center-feed patch. Additionally, quasi circular
arranged six sections of rotated asymmetric trapezoid slots
have been investigated for achieving a RHCP antenna.

Top

= Patch

D

h
—— :
| Rt/duroid 5880 — < Coaxial feed!

Slot
/

GND

Fig. 1. Configuration of the proposed antenna.

TABLE L. DIMENSIONS OF THE PROPOSED ANTENNA
Parameters Symbol Value (mm)

Patch length p 12
Gap between patches g 0.2
GND wire width A 0.2
GND slot edge to patch edge distance 1 du 2
GND slot edge to patch edge distance 2 dw 0
GND middle hex. length a 5
Substrate diameter D 86
Substrate thickness h 1.575




More details will be discussed in the next subsection. As
illustrated in Fig. 1. the length of one hexagonal patch is
adjusted to 12 mm, and the spacing between the hexagonal
patches, along with the wire width, is chosen as 0.2 mm to
ensure the stability of the manufacturing process. Therefore, a
length of 5 mm is allocated for the middle hexagonal shape on
the ground plane to provide ample soldering space for the
coaxial feed. Detailed parameters are shown in Table 1.

B. CP Design and Field Distribution

Fig. 2. displays frequency responses for the proposed
monopolar microstrip antenna with various ground slot
structures. Firstly, we explored the frequency response of the
initial symmetric trapezoid ground slot structure highlighted
in red. The trapezoid ground slot exhibited significant
influence on resonant mode, although no dual resonance
phenomena were observed. To achieve circular polarization
with a wider bandwidth for in the monopolar microstrip
antenna, we introduced a 60-degree rotation in all six
symmetrically arranged trapezoid slots. This modification
resulted in an additional resonance frequency around 5.3 GHz,
as shown in Fig. 2 and highlighted with a blue line.

Then, CP was successfully achieved proposed antenna
with rotated asymmetric trapezoid slots, eliminating the need
for additional shorting via structures. The parameters of
antenna were optimized for the reflection coefficient
highlighted with a black line in Fig. 2. This ground slot
structure contributes to the proposed antenna's distinctiveness
and simplicity.
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Fig. 2. Reflection coefficients of antennas with various trapezoid ground slot
structures.

Fig. 3. illustrates simulated electric field distributions at two
adjacent resonant frequencies of the proposed antenna at 5.9
GHz and 6.21 GHz.

C. Parametric Study

Fig. 4. presents parametric study variations in the
reflection coefficient graph for different parameters of the
proposed antenna. All dimensions have been chosen to attain
the lowest frequency response value at the center frequency.
On the other hand, values were selected to closely align with
the resonant frequencies of the two adjacent TM02 modes.
The following values for critical dimensions are as follows:

substrate thickness (h)=1.575 mm, wire width (w)=0.2 mm,
slot asymmetric distance (du)=2 mm, and length of middle
hexagonal shape on the ground (a)=5 mm.
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Fig. 3. Simulated electric field distributions of the TM02 modes (a) at 5.9
GHz and (b) at 6.21 GHz.

In Fig. 4(a) presents simulated frequency responses for the
proposed antenna, exploring variations in substrate thickness
denoted as h. The thickness h ranges 0.508 mm, 0.787 mm,
and 1.575 mm, with a constant relative permittivity (er) of 2.2
using a Roger RT/Duroid 5880 substrate. The results show
that changes in substrate thickness influence dual resonant
couplings, while the lower resonant mode consistently stays
within the range of 5.8 GHz to 6 GHz. The substrate thickness
plays a role in determining the upper resonant frequency with
different coupling factors. When h is set to 1.575 mm, the
simulation result clearly depicts two distinct resonant modes
occurring at different frequencies, indicating a wide
bandwidth and good impedance matching. Additional graphs
in Fig. 4. show the influences of varying wire width,
asymmetric size of the trapezoid slot, and the length of the
middle hexagonal patch on the ground of the proposed
antenna on the reflection coefficient. The parameter changes
similarly affect both resonant frequencies. It is noteworthy
that the center frequency response values are consistently
higher than the chosen parameter values in all other three
graphs.

IITI. IMPLEMENTATION AND SIMULATION RESULT

The optimization process aimed to achieve the lowest
center frequency response while ensuring good impedance
matching for two resonant frequencies. Detailed physical
dimensions of the proposed antenna, fine-tuned during the
optimization, are provided in Table 1.

Fig. 5 displays the simulated reflection coefficients of the
proposed antenna. The results indicate a 10-dB impedance
bandwidth spanning 590 MHz, ranging from 5.79 GHz to 6.38
GHz, corresponding to a 9.7% fractional bandwidth.

Fig. 6 shows the simulated axial ratio, as well as the
realized RHCP gain of the microstrip antenna at $=0° and 6 =
30°. Notably, the axial ratio closely approaches 0 dB at the
center frequency and the antenna exhibits 3 dB AR
bandwidths of approximately 81 MHz (1.3%) from 5.987
GHz to 6.068 GHz. The RHCP peak gain is observed to be 4.8
dBi around 6.02 GHz.

The RHCP and LHCP far field radiation pattern of the
proposed antenna is presented in Fig.7 at 5.82 GHz. The
radiation pattern reveals that the proposed antenna effectively
demonstrated a RHCP omnidirectional radiation pattern.
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Fig. 4. The parametric study results for the proposed antenna (a) substrate thickness, (b) wire width, (c) slot to patch edge asymmetric distance change, and

(d) middle hexagonal length on the ground.
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Fig. 5. Reflection coefficient of the proposed antenna.

The cross-polarization ratios, measuring the difference
between the RHCP co-polarization and the LHCP cross-
polarization, were consistently detected to be approximately
24 dB for the elevation plane at 6 = 25°. The radiation patterns
were also simulated at other frequencies and stable results
were obtained across the entire bandwidth.
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Fig. 6. Axial ratio and RHCP gain of the proposed antenna.
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Fig. 7. Radiation patterns of the proposed antenna at center frequency 6.02
GHz (a) H-plane (xy-plane) $=0° and (b) E-plane (zx-plane) 6 = 30°.

IV. CONCLUSION

This study presented the monopolar antenna design
supported with circularly polarization. By integrating rotated
asymmetric trapezoid ground slots, the proposed antenna
induces RHCP operation. The proposed antenna may be a
good candidate for future smart mobility communication due
to the circular polarization radiation characteristics yielding a
low surface drag and minimal multi-pass fading effect.
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