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A dual circularly polarized (CP) omnidirectional antenna based on slot array in coaxial cylinder structure is presented in this paper.
It is constructed by perpendicular slot pairs around and along the axis of the coaxial cylinder to realize the omnidirectional CP
property, and two ports are assigned in its two sides as left hand circularly polarized (LHCP) port and right hand circularly polarized
(RHCP) port, respectively. The proposed antenna achieves a bandwidth of 16.4% ranging from 5.05 to 5.95GHz with an isolation
higher than 15 dB between the two CP ports, and the return loss (RL) is higher than 10 dB within the bandwidth in both of the
two ports. From the measured results, the average axial ratio (AR) of the proposed antenna in omnidirectional plane is lower than
1.5 dB.

1. Introduction

For a RF receiver which needs to receive electromagnetic
signals with any polarizations mode and from any directions
on the ground, the dual CP omnidirectional antenna is sig-
nificant and valuable. The dual CP omnidirectional antenna
is widely used, such as wireless communications, radio
broadcasting, and navigation radar [1–3]. In recent years,
there are many researches about omnidirectional antenna
and CP antenna. In [4], a miniaturization of omnidirectional
CP antenna relies on folding the antennas patch underneath
itself, decreasing overall footprint, which is small, but with
a narrow bandwidth of only 0.6% (2.392–2.407GHz) and
the axial ratio in some directions of the omnidirectional
plane is higher than 3 dB. For the antenna proposed in
[5], by introducing several inclined slits to the diagonal
and sidewalls of the rectangular dielectric resonator (RDR)
and also deducting a rectangular part of the top wall of
the linearly polarized (LP) rectangular dielectric resonator
antenna (RDRA), degeneracy modes are excited to generate
the circularly polarized (CP) fields, while the bandwidth is
narrow and the gain fluctuation in the omnidirectional plane
is higher than 5 dB from the results of the radiation patterns,
so it does not perform well in the omnidirectional character.

Literature [6] reports a dual CP antenna which is excited
at the second-order mode to generate the conical radiation
pattern and is fed by a hybrid coupler to obtain the dual
CP operation, but it realizes a conical beam instead of an
omnidirectional coverage radiation pattern. There are only
a few researches about omnidirectional dual CP antenna. In
literature [7], an omnidirectional dual-band dual circularly
polarized microstrip antenna is proposed, while the dual cir-
cularly polarizationmeans that the antenna provides different
single RHCP and LHCP in its two different bandwidths,
respectively, so it is single circularly polarized antenna in
the specific frequency bandwidth actually. In [8], a dual-CP
omnidirectional antenna is proposed, which consists of 4
tilted dipoles with parasitic elements for each sense of circular
polarization.

In this paper, an omnidirectional dual CP coaxial slot
array antenna with perpendicular slot pairs around and
along the axis of the out conductor is presented. The RHCP
port and LHCP port are designed in the two sides of
the antenna, respectively. The proposed antenna provides
a wide bandwidth and, within the bandwidth, it performs
well with good axial ratio property and omnidirectional
property. Section 2 presents the antenna structure and design
principle. Section 3 discusses the measured results, including
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Figure 1: Geometry of the omnidirectional dual circularly polarized (CP) antenna. (a) Side view. (b) A-A section view. (c) Geometry of the
slot pairs.

bandwidth, radiation pattern, and axial ratio (AR). Section 4
gives the conclusions.

2. Antenna Design

2.1. Antenna Structure. As shown in Figure 1, the proposed
dual CP antenna omnidirectional in this paper is based
on the single CP omnidirectional antenna represented in
literature [9] constructedwith coaxial cylinder structure. Two
ports are assigned in the two sides of the coaxial cylinder
as left hand circularly polarized (LHCP) port and right
hand circularly polarized (RHCP) port, respectively. The
characteristic impedance of the coaxial cylinder is designed
as 50Ω in this paper, which is the same as the characteristic
impedance of the two SMAadaptor ports.The coaxial tapered
line is in both of the two sides between the slot arrays and
the two SMA adaptor ports, and it achieves the goal of port
match.

Thebasic radiation elements are slots in the out conductor
of the coaxial cylinder.There are four circles of slots along the
axis of the coaxial cylinder. Each circle of slots includes 8 slots
which are perpendicular to each other and symmetrically
arranged around the coaxial cylinder axis in the out conduc-
tor. Every circle of the slots can be seen as four perpendicular
slot pairs around the axis.

The structure of the perpendicular slot pairs is shown in
Figure 2. Each of the slots leans an angle of 45 degrees with
the axis of the coaxial cylinder and the interval of the two
perpendicular slots is 𝜆𝑔/4 (𝜆𝑔 is the medium wavelength)
along the feed direction. In that case, the electric fields
radiated from the slot pairs are vertical with each other
and have a 90-degree phase difference, so the circularly
polarized wave is generated. For the distance of the 𝜆𝑔/4
between the adjacent pairs of slots, the reflection power from
radiation slots back to the feeding point is cancelled. As
slot antenna, the slot in the out conductor of the coaxial
cylinder can be equivalent as magnetic dipole with a length
of 𝜆𝑔/2 in the vertical direction with the axis. Four of the
slot pairs symmetrically surrounding the coaxial cylinder axis
achieve the omnidirectional coverage character. Four circles
of the slot pairs, which are identical with each other, are
arranged along the axis to constitute the slot array which will
provide a higher gain. To achieve the omnidirectional pattern,

Table 1: Optimized geometric parameters of the omnidirectional
CP antenna.
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Figure 2: The adjacent perpendicular slot pairs.

the electromagnetic wave radiated from every circle of slots
should be the same phases, so the four circles of the slot are
arranged with a distance of 𝜆𝑔.

It is a symmetrical structure antenna. The thickness of
the out conductor of the coaxial cylinder is 𝑡 = 1.3mm,
and the space between the out conductor and the inner
conductor of the coaxial cylinder is filledwith Teflonmedium
with a permittivity of 𝜀𝑟 = 2.1. The proposed antenna
is simulated and optimized by CST and the optimized
geometric parameters are summarized in Table 1.

2.2. Dual CP Principle. Figure 2 shows two adjacent slots
from all the slots in the out conductor, which are perpendic-
ular to each other.The reference coordinate system is created
with the slot pairs, whose𝑦- and𝑥-axes are the samedirection
with the polarization of the electric fields radiated by the
two slots, respectively, and the +𝑧-axis is the same direction
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with the propagation direction of the electric fields [10, 11].
It is assumed that the total electric fields are �⃗� and the fields
radiated from the first slot and the second slot are �⃗�1 and �⃗�2,
respectively. Then their relation is

�⃗� = �⃗�1 + �⃗�2 = 𝐸𝑥 ⃗𝑎𝑥 +𝐸𝑦 ⃗𝑎𝑦. (1)

For the distance of the two slots, it is supposed that the
amplitude of the 𝐸𝑥 and 𝐸𝑦 is 𝐸𝑥0 and 𝐸𝑦0 (𝐸𝑥0 > 0, 𝐸𝑦0 > 0),
and, compared to 𝐸𝑥, 𝐸𝑦 is laggard in phase with a difference
of 𝜑. Then (1) can be changed as

�⃗� (𝑧, 𝑡) = 𝐸𝑥0 cos (𝜔𝑡 − 𝑘𝑧) ⃗𝑎𝑥

+𝐸𝑦0 cos (𝜔𝑡 − 𝑘𝑧 −𝜑) ⃗𝑎𝑦,
(2)

where
𝐸𝑥 (𝑧, 𝑡) = 𝐸𝑥0 cos (𝜔𝑡 − 𝑘𝑧) ,

𝐸𝑦 (𝑧, 𝑡) = 𝐸𝑦0 cos (𝜔𝑡 − 𝑘𝑧 −𝜑) .
(3)

The relation between 𝐸𝑥(𝑧, 𝑡) and 𝐸𝑦(𝑧, 𝑡) can be concluded
from (3):

[
𝐸𝑥 (𝑧, 𝑡)

𝐸𝑥0

]

2

+[

𝐸𝑦 (𝑧, 𝑡)

𝐸𝑦0

]

2

−
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(4)

Since the distance of the two slots in the feed direction is
𝜆𝑔/4, the phase difference is 𝜑 = ±90

∘. It is supposed that
the amplitude of electric fields is 𝐸𝑥0 = 𝐸𝑦0 = 𝐸0; then from
(4)

𝐸
2

𝑥
(𝑧, 𝑡) + 𝐸

2

𝑦
(𝑧, 𝑡) = 𝐸

2

0
. (5)

It can be seen from (3) that the amplitude of �⃗�(𝑧, 𝑡) will not
change with time 𝑡, and the angles between the polarization
direction of �⃗�(𝑧, 𝑡) and +𝑥-axis direction are

𝛼 = arctan
𝐸0 cos (𝜔𝑡 − 𝑘𝑧 ± 𝜋/2)
𝐸0 cos (𝜔𝑡 − 𝑘𝑧)

= arctan [∓ tan (𝜔𝑡 − 𝑘𝑧)] = ∓ (𝜔𝑡 − 𝑘𝑧) .
(6)

In any positions, 𝑧 is a constant, and the polarized vector
direction of the field �⃗�(𝑧, 𝑡) is rotary with a constant angular
frequency 𝜔 by the increasing of 𝑡. As shown in Figure 2,
when excited as fed direction 1, the phase of 𝐸𝑦 is laggard
compared to the phase of 𝐸𝑥, so 𝜑 = 90∘ and 𝛼 = 𝜔𝑡.
The electric fields vector direction is anticlockwise, so it is
right hand circularly polarized (RHCP) wave. When excited
as fed direction 2, the phase of 𝐸𝑦 exceeds the phase of 𝐸𝑥, so
𝜑 = −90∘ and 𝛼 = −𝜔𝑡. The electric fields vector direction is
clockwise, so it is left hand circularly polarized (LHCP) wave.
Comparing Figure 2 with the slots distribution in Figure 1,
the RHCP port and LHCP port are corresponding with fed
direction 1 and fed direction 2, respectively.

For the different distances of the two slots relative to
the fed port, the electric fields amplitude of the two slots is
unequal (𝐸𝑥0 ̸= 𝐸𝑦0). This is an influence factor of the axial
ratio and their relation is reflected by the axial ratio character
of the antenna.

Figure 3: Photograph of the omnidirectional CP antenna being
tested in the anechoic chamber.
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Figure 4: Measured 𝑆-parameters results.

3. Results and Discussion

Simulated and measured results of the proposed antenna are
presented in this section. To measure the LHCP property
and RHCP property of the antenna, there are two steps to
do. When port 1 (LHCP port) is excited and port 2 (RHCP
port) is terminated with a 50Ω load, the antenna generates
the LHCP radiation and we get LHCP results, whereas when
port 2 is excited and port 1 is terminated with a 50Ω load,
the antenna generates the RHCP radiation and we get RHCP
measurement results. Figure 3 shows the antenna structure
and the test scenario of the omnidirectional dual CP antenna.

Themeasured 𝑆-parameters results are shown in Figure 4.
The proposed antenna achieves a bandwidth of 16.4% at 5.05∼
5.95GHz, during which bandwidth the isolation between the
two ports is higher than 15 dB, and both of the measured |𝑆11|
and |𝑆22| values are lower than −10 dB. The reflection of the
two ports is small and the isolation between the two ports
is high, which reflects that the antenna works well with two
polarizations.

Figure 5 shows the simulated and measured normal-
ized copolarization and cross-polarization radiation patterns
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Figure 5: Simulated and measured LHCP (in left) and RHCP (in right) normalized copolarization and cross-polarization radiation patterns
in the 𝑥𝑦-plane (omnidirectional plane) and 𝑥𝑧-plane. (a) 5.1 GHz, (b) 5.5 GHz, and (c) 5.9GHz.
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Figure 6: Measured axial ratio patterns in 𝑥𝑦-plane and 𝑥𝑧-plane. (a) 5.1 GHz, (b) 5.5 GHz, and (c) 5.9GHz.

when excited RHCP port and LHCP port, respectively, are
in the 𝑥𝑦-plane (omnidirectional plane) and 𝑥𝑧-plane at
5.1 GHz, 5.5 GHz, and 5.9GHz. From the measured radiation
pattern results of 𝑥𝑦-plane, the proposed antenna performs a
good omnidirectional character. It is noted that themeasured
radiation patterns have the same trend with the simulated
radiation patterns, but there are still a few discrepancies
between measured results and simulated results. The reasons
for this difference are mainly because of the machine error
and the imprecision of the medium. It can be also seen from
cross-polarization results that the cross-polarization is more
than 15 dB lower than the copolarization in both 𝑥𝑦-plane
and 𝑥𝑧-plane. The measured axial ratio patterns that only
excited LHCP port in 𝑥𝑦-plane and 𝑥𝑧-plane at 5.1 GHz,
5.5 GHz, and 5.9GHz are shown in Figure 6. It can be seen
that the axial ratio is below 3 dB in the omnidirectional plane
within the operation bandwidth. Comparing the radiation

patterns and axial ratio patterns results, the axial ratio is lower
than 3 dB during the half power beam width. When only
excited the RHCP port, the axial ratio is below 3 dB in the
omnidirectional plane which is similar as Figure 6 shows. It
can be noted that the axial ratio patterns in the 𝑥𝑦-plane are
small ripples. From the generation principle of the dual CP
wave as analyzed in Section 2.2, the axial ratio in the vertical
direction with the slot pairs will be the best and the value
will be theminimum, while in the other nonvertical direction
with the slot pairs the axial ratio will deteriorate. Because four
slot pairs are arranged around the axis of coaxial cylinder
in the out conductor, the slot pairs are noncoplanar. When
rotated around the axis of the antenna, the axial ratio pattern
in the 𝑥𝑦-plane will be small rippled almost regularly as the
symmetrical antenna structure in different 𝜑 directions.

The measured gain and average axial ratio in the omni-
directional plane results are shown in Figure 7. It can be seen
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Figure 8: The total efficiency results of the proposed antenna.

that the gain is from 4 dBic to 6 dBic within 5.0∼6.0GHz, and
the average axial ratio in 𝑥𝑦-plane is below 1.5 dB within the
bandwidth. Figure 8 shows the simulated total efficiency of
the proposed antenna. It can be noted from the efficiency
results that the total efficiency of the antenna from 5.1 to
5.9GHz is from 86.9% to 93.5%, so the antenna works with
very high efficiency within its operation bandwidth.

4. Conclusion

An omnidirectional dual CP antenna is presented in this
paper. The antenna achieves the omnidirectional dual CP
property by arranging perpendicular slot pairs around and
along the coaxial cylinder axis in the out conductor. From the
measured results, the antenna provides a bandwidth of 16.4%
from 5.05 to 5.95GHz with an isolation higher than 15 dB
and return loss higher than 10 dB. Within the bandwidth, the
gain is 4 dBic∼6 dBic and the average axial ratio is lower than

1.5 dB. The antenna works with high efficiency and performs
good omnidirectional character. The cross-polarization is
more than 15 dB lower than the copolarization in both 𝑥𝑦-
plane and 𝑥𝑧-plane. The antenna is perfectly symmetric
structure, so it is easy to change the working frequency band
by changing the size of the antenna. For the omnidirectional
coverage property and dual CP property, the antenna is
valuable in the RF receivers.
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