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Abstract

The demand for wideband circularly polarized (CP) antennas in wireless communication applications has been increasing, given that it

offers reliable signals with reduced interference. In particular, planar monopole antennas are a popular choice for use in CP applications

due to their compact size and ease of integration. However, achieving CP characteristics often requires complex modifications, an in-

creased antenna size, and design complexity. To address these challenges, this study proposes a simplified radiator structure modification

for CP planar monopole antennas and validates the performance of the proposed antenna for ultra-wideband (UWB) applications by con-

ducting both frequency-domain and time-domain analyses. The size of the proposed antenna is 34 mm x 41 mm x 1.6 mm, with FR-4 as
the substrate. Both the —10 dB §1: bandwidth and 6 dB axial ratio axial ratio is 3.46-5.5 GHz, with the radiation patterns in the frequen-
cy range of interest being omni-directional. The proposed UWB CP antenna also yields decent antenna performance in time-domain

analyses, such as the antenna fidelity factor and the system fidelity factor.
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I. INTRODUCTION

In recent years, a growing interest in the research and develop-
ment of circularly polarized (CP) antennas for wireless communi-
cation across diverse environments, including industrial, medical,
and household settings [1-3], has been observed. Notably, CP
antennas offer significant advantages over linear polarized anten-
nas due to their ability to provide reliable and robust signals. Fur-
thermore, they excel at reducing interference from neighboring
channels or unwanted signals, leading to enhanced signal quality
and a stable connection. These features have made CP antennas
highly desirable for wireless communication systems in multipath
environments, such as ultra-wideband (UWB)-based indoor posi-
tioning systems.

Planar monopole antennas have emerged as a prominent choice
for CP antennas due to its compact size, low profile, and wideband
characteristics. These antennas are particularly well suited for a
variety of wideband applications that involve limited space because
they can be seamlessly integrated into devices [4-7].

Extensive research exploring different configurations of pla-
nar monopole antennas has been conducted by numerous re-
searchers with the aim of achieving circular polarization. For
instance, former studies have attempted to determine the lowest
operating frequency by employing a voltage standing wave ratio
of 2 and have investigated the antennas’ bandwidth by replacing
the radiator area with an equivalent cylinder [8]. However, to
achieve circular polarization, the radiator of the planar mono-
pole antenna often requires either complicated shape defor-
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mations or the incorporation of arbitrary elements. Unfortu-
nately, these approaches contribute to increasing the antenna
size, further complicating the design process [9]. In light of the
previously mentioned challenges, this study proposes a CP pla-
nar monopole antenna designed for UWB applications in mul-
tipath environments. The proposed antenna involves imple-
menting straightforward modifications to the radiator structure
with the objective of overcoming the complexity associated with
achieving CP characteristics. Furthermore, this study validates
the proposed CP planar monopole antenna by conducting fre-
quency-domain analyses, examining its reflection coefficient,
axial ratio, and radiation patterns. Additionally, an analysis of the
characteristics pertaining to the time domain, which have re-
ceived limited attention in existing UWB CP antenna literature,
is also carried out, since time-domain analyses, such as the an-
tenna fidelity factor and system fidelity factor, are of great im-
portance for UWB applications [10-12].

II. ANTENNA DESIGN AND MEASUREMENT

The target frequency range of the proposed antenna was es-
tablished between 3.7 GHz and 4.8 GHz, specifically focusing
on UWB channels 2 and 3 [13]. First, a planar monopole an-
tenna was designed based on a circular disc monopole using the
formulation presented in [11], which is as follows:

f, = 3x10% x 0.24
L (l+r+ p)w/gr.eff’ oy

where /is the length of the radiator, 7 is the radius of the equiva-

lent cylinder corresponding to the radiator, p is the gap between
the radiator and the transmission line and &, .55 is the effective
dielectric constant.

As for the substrate in the antenna design, FR-4 of 1.6 mm
thickness was employed, while the transmission line of the anten-
na was designed as the microstrip line. The size of the entire an-
tenna was 34 mm x 41 mm, while the microstrip line had a width
of 3 mm and a length of 12 mm. Notably, the initial design of the
proposed antenna included a donut-shaped radiator to achieve
circular current distribution. However, the current distribution
failed to form a circle, as it usually does in an ideal donut-shaped
monopole antenna. Instead, the current was distributed on both
the left and right sides, causing linear polarization. To address
this limitation, a novel CP monopole antenna was developed by
removing the third quadrant from the donut shape, with length /
and gap p being 27.7 mm and 1.4 mm, respectively. The width of
the radiator was kept at 7.5 mm on account of the trade-oft be-
tween the bandwidth and the axial ratio.

Fig. 1 presents the designed and fabricated antenna, while
Fig. 2 illustrates the surface current distribution of the proposed
antenna at 4 GHz. In Fig. 2, the prevailing surface currents are
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indicated by the black arrows at 90° phase intervals, highlighting
their dominant direction and magnitude. Furthermore, the po-
larization characteristics of the proposed antenna show right-
handed circular polarization in the +z direction and left-handed
circular polarization in the —z direction. The measured —10 dB
$11 bandwidth of the proposed antenna was 3.46-5.5 GHz.
Notably, the discrepancies between the measurement and simu-
lation results can be attributed to errors in the manufacturing
and measurement processes. Fig. 3 illustrates the measured 6 dB
axial ratio of the proposed antenna, which spans from 3 to 5.9
GHz. Additionally, Fig. 4 traces the radiation patterns of the
antenna at three distinct frequencies. It is evident that the pat-
terns demonstrate omnidirectional characteristics, with a maxi-
mum measured realized gain of 4.3 dBi observed at 4.5 GHz.

II1. TIME-DOMAIN ANALYSIS
This section investigates the performance of the proposed an-

tenna in the time domain using CST Studio Suite electromag-
netic simulations. The antenna fidelity factor between the input
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Fig. 2. Surface current distribution at 4 GHz.
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pulse and the radiated E-fields was calculated. Furthermore, to
investigate circular polarization characteristics, a cross-correla-
tion analysis of the input pulse and both the phi and theta com-
ponents of the radiated E-fields was conducted.

Fig. 5 displays a high antenna fidelity factor for both the phi
and theta components. Notably, the system fidelity factor was
computed through a cross-correlation between the transmitted
and received pulses. To validate the system fidelity factor, two
identical proposed antennas were positioned 500 mm apart,

accounting for both face-to-face and side-by-side configurations.

Additionally, the receiving antenna was simulated while rotat-
ing incrementally at 30° intervals. Fig. 6 depicts the input pulse
and received pulse for the two configurations and Fig. 7 demon-
strates a high value for the system fidelity factor performances.
Table 1 presents a summary of a comparative analysis of the
proposed antenna with conventional wideband CP antennas,
with Ao being the wavelength in free space. It is noted that the
proposed antenna has very good performance in both antenna
fidelity factor and system fidelity factor.

IV. CONCLUSION

This study presents a CP planar monopole antenna and analyz-
es its performance in both frequency and time domains. By im-
plementing simple modifications to the radiator structure, the
proposed antenna was able to overcome the complexities associat-
ed with achieving circular polarization while maintaining a com-
pact size and minimum design complexity. The surface current
distribution revealed that the desired circular polarization charac-
teristics had been achieved. Furthermore, according to the results
of the time-domain analysis, the proposed antenna exhibits com-
mendable fidelity factors. In addition, the experimental results
confirmed the effectiveness of the design, with circular polarization
observed across a frequency range of 3.46-5.5 GHz, which satis-
fied both the —10 dB §1; bandwidth and the 6 dB axial ratio at the
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Table 1. Comparison results of the proposed antenna with those in the reference literature

6 dB axial ratio and
i J An fidelity f: fidelity f:
Study Size (mm’) 10 dB 81 bandwidth (GHz) tenna fidelity factor ~ System fidelity factor

This work 34x41x1.6 3.46-5.50 0.931-0.969 0.9995-0.9996
(0.392X0 x 0.473%0 x 0.01920)

Leetal. [1] 48 x 48 x 3.04 4.7-6.6 N/A N/A
(0.7520 x 0.75220 x 0.048A0)

Park & Jung [2] 100*m x 153 0.6-1.7 N/A N/A

(0.25%0 x 0.962A0)
Kesavan et al. [3] 20 x 20 x 1.52 29.3-31.5 N/A N/A
(1.96X0 x 1.9610 x 0.14910)

Zhang et al. [4] 24 x25x1 43-7.3 N/A N/A
(0.344N0 x 0.35840 x 0.014A0)

Tang etal. [6] 49 x55x1.5 2.25-7.35 N/A N/A
(0.368A0 x 0.413A0 x 0.011A¢)

Tao etal. [7] 25x25x 1 45-9.7 N/A N/A
(0.375M0 x 0.375A0 x 0.015A0)

Baard et al. [11] 1822 x 126 0.35-5.50 N/A 0.62

(0.21220 x 0.46120)

Kushwaha et al. [12] 50x45x1.6 2.2-5.6 N/A 0.818-0.890

(0.367X0 x 0.33140 x 0.01220)

same time. Moreover, the omnidirectional radiation pattern and a
maximum measured realized gain of 4.3 dBi demonstrate the suit-
ability of the proposed antenna for UWB applications requiring
reliable signal transmission and interference reduction.
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