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Abstract: A high-gain broadband circularly polarized crossed dipole antenna is designed. This antenna utilizes

two pairs of cross dipoles and a pair of phase delay lines to form circularly polarized radiation. Open-circuit stubs

are loaded on the four arms of these two pairs of cross dipoles to introduce new circularly polarized resonating

frequency. A rectangular ring patch is introduced directly below the cross dipoles to form the third circularly

polarized resonating frequency, thereby broadening the axial ratio bandwidth of the antenna. In addition, metal

posts are loaded at the four right angles of the rectangular ring patch to increase the antenna gain. Measurement

results show that the antenna achieves a 3dB axial ratio bandwidth of 29.2% (1.9 GHz-2.55 GHz) and maintains a

gain of 7.5 dB within the passband, exhibiting good circularly polarized radiation performance.
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1. Introduction

Circularly polarized antennas have advantages such as reducing polarization mismatch, resisting
multipath interference, and suppressing the Faraday rotation effect. Therefore, circularly polarized
antennas are widely used in various wireless communication systems, including global positioning
systems (GPS) [1], wireless local area networks (WLAN) [2–4], satellite communication systems [5,6],
etc. With the development of modern wireless communication, how to improve the axial ratio
bandwidth and gain of circularly polarized antennas has become an urgent problem to be solved.

Traditional methods for achieving circularly polarized radiation include corner truncation, surface
slotting, and adding parasitic elements, but the axial ratio bandwidth of antennas designed by these
methods generally does not exceed 5% [7–9]. In 2008, a new type of printed cross dipole antenna
proposed by Baik et al. received widespread attention [10]. This antenna uses a pair of printed three-
quarter circular rings to create a 90° phase difference between two pairs of dipoles, forming a circular
polarization frequency and achieving an axial ratio bandwidth of 15.6%. By changing the shape of the
dipoles, these antennas achieved 27%, 26.4%, 25.3%, and 23.2% axial ratio bandwidths, respectively [11–
14]. And the average gains of theses antennas are 6.8 dB, 8 dB, 7 dB, and 7.1 dB within the passband,
respectively. By adding parasitic elements, the axial ratio bandwidth of these antennas reached 22.89%,
with an average gain of 7.6 dB [15]. The antenna designed in [11] achieved a wide circularly polarized
bandwidth, but the gain within the passband was 6.8 dB; the antennas designed in articles [12–15]
achieved high gains but did not achieve wide circularly polarized bandwidths. However, the above
antennas can not simultaneously achieve wide axial ratio bandwidth and high gain.

To simultaneously achieve wide axial ratio bandwidth and high gain, this paper proposes a high-
gain broadband circularly polarized crossed dipole antenna. Utilizing two pairs of crossed dipoles
and a pair of three-quarter circular rings forms the first circularly polarized resonating frequency.
Subsequently, open-circuit stubs are loaded on the four arms of these two pairs of crossed dipoles to
introduce new circularly polarized resonating frequency. Finally, a rectangular ring patch is printed
on the substrate directly below the crossed dipoles to form the third circularly polarized resonating
frequency, thereby broadening the axial ratio bandwidth of the antenna. It is worth noting that loading
metal posts at the four right angles of the rectangular ring patch can increase the antenna gain. The
results show that the antenna achieves a 3 dB axial ratio bandwidth of 29.2% (1.9GHz-2.55GHz)
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and maintains a gain of 7.5 dB within the passband, exhibiting good circularly polarized radiation
performance.

2. ANTENNA DESIGN

2.1. Antenna Configuration

The configuration of the proposed circularly polarized crossed dipole antenna is shown in Figure 1.
This antenna is consist of three layers of dielectric substrates. A square ground plane (S1xS1) is printed
on the back surface of the bottom layer (tan δ = 0.02, εr = 4.4) with height of h1. A rectangular metal
ring patch (W4, S3xS3) is printed on the upper surface of the middle layer (tan δ = 0.02, εr = 4.4)
with height of h3. In addition, four metal posts (r3, h3+h4) are loaded at the four right angles of
the rectangular ring patch, forming a square cavity structure, then suppressing surface waves and
improving the gain of the antenna. Meanwhile, two pairs of cross dipole arms (L1, W1, L2, W2, L4)
with open-circuit branches (L3xW3) are printed on both the upper and lower surfaces of the top layer
(tan δ = 0.0025, εr = 3.38) with a thickness of h1. And the two pairs of cross dipole arms are connected
by the phase delay lines (r1, r2) to provide a 90° phase difference, achieving circular polarization
radiation.

(a)

(b)

Figure 1. A High-Gain Broadband Circularly Polarized Crossed Dipole Antenna. (a) Top view. (b)
Side view.(S1 = 120, S2 = 90.4, S3 = 84, W1 = 10, W2 = 6, W3 = 6.5, W4 = 2, L1 = 18, L2 = 17.8, L3 =

15.1, L4 = 7.2, h1 = 0.8, h2 = 1, h3 = 2, h4 = 41, r0 = 0.46, r1 = 5, r2 = 5.5, q = 2.3, all in mm).
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2.2. Step-by-step design process

Figure 2 shows the design process of the antenna. Ant.I is designed basing on the traditional cross
dipoles. In Ant.II, open-circuit branches are loaded on each dipole arm. In Ant.III, the dipole arm is
improved to a windmill shape, and a dielectric substrate is added between the cross dipole arms and
the ground plane. A rectangular ring metal patch is printed on the upper surface of this dielectric
substrate, with metal posts loaded at the four right angles of the rectangular ring metal patch.

(a) (b) (c)

Figure 2. Reference antenna structure diagrams. (a) Ant.I. (b) Ant.II. (c) Ant.III

To reveal the mechanism of the proposed antenna, the S11, AR, and gain results of Ant.I, Ant.II
and Ant.III are shown in Figure 3. It can be seen that the impedance bandwidth of Ant.I is 45.3%
(1.79 GHz-2.84 GHz), and only a circularly polarized resonating frequency is produced. The 3dB axial
ratio bandwidth is 14.7% (2.01 GHz-2.33 GHz). By loading open-circuit branches on each dipole arm
in Ant.II, a new circularly polarized resonant frequency is introduced. And axial ratio bandwidth
are broadened to 29% (2.44GHz-3.27GHz), respectively. The rectangular ring metal patch introduced
in Ant.III also generates a circularly polarized resonant frequency. And the axial ratio bandwidth is
further improved 30.5% (1.89GHz-2.57GHz). Moreover, four metal posts are loaded at the four right
angles of the rectangular ring patch in Ant.III, a square cavity structure is formed, then surface waves
are suppressed and the gain of Ant.III is increased about 1.5 dB compared to Ant.I, and Ant.II. Finally,
the high-gain and broadband circularly polarized performance are realized. It should be mentioned
that, the resonant frequency of the rectangular ring metal patch can be calculated by the empirical
formula [16]:

f11 =
c

2(l1 + l2)
× (

1 + εr

2εr
)1/2, (1)

wherein, c is the speed of light in free space, 2(l1 + l2) is the average circumference of the ring antenna,
and f11 is the fundamental mode of the square ring antenna [16].
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(a) (b)

(c)

Figure 3. Results of Reference antenna. (a) S11. (b) AR. (c) Gain.

2.3. Surface current analysis

The current distribution at T/4 and T/2 on the cross dipole and the rectangular ring metal patch
at the three circularly polarized resonating frequencies of 2.01 GHz, 2.33 GHz, and 2.51 GHz are
shown in Figure 4. The direction of the current is marked with black arrows. It can be seen that,
the main current distribution at 2.01 GHz is on the cross dipole arms and rotating counterclockwise.
Which indicates that the radiation of this operating frequency is a right-hand circularly polarized
wave (RHCP). Similarly, the current at 2.33 GHz is mainly distributed on the loaded open-circuit
branches, while the current at 2.51 GHz is mainly distributed on the rectangular ring patch. The
current distributions show the three circularly polarized resonating frequencies are generating by the
cross dipole, the loaded open-circuit branches and the rectangular ring patch, respectively. And all the
three circularly polarized resonating frequencies are showing RHCP performance. Thus the broadband
circularly polarized performance can be realized.
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(a)

(b)

(c)

Figure 4. Current distribution of the antenna from 90 degrees to 180 degrees at 2.01 GHz, 2.33 GHz,
and 2.51 GHz respectively (a) 2.01 GHz (b) 2.33 GHz (c) 2.51 GHz.

2.4. Antenna parameter analysis

To validate the aforementioned analysis, Figure 5 illustrates the primary parameter influences
on the axial ratio of the proposed antenna. Initially, the impact of the crossed dipole arm length (L1)
on antenna performance is examined. Observations indicate that adjusting L1 leads to a shift in the
circularly polarized resonating frequency at 2.01 GHz, while the other two resonant frequencies at
2.33 GHz and 2.51 GHz remain unchanged. This confirms that the operating frequency is generated
by the cross dipole arms. Next, the effect of the loaded open-circuit stub length (L3) is examined.
It is found that the operating frequency at 2.33 GHz shifts towards higher frequencies when L3 is
shortened and towards lower frequencies when L3 is elongated. The other two frequencies remain
stable, verifying that this particular operating frequency is produced by the loaded open-circuit stubs.
Lastly, the influence of the rectangular ring metal patch length (S3) on antenna performance is assessed.
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Results show that this parameter significantly affects the operating frequency at 2.51 GHz, confirming
that this frequency is generated by the rectangular ring patch. The antenna parameters are optimized
using HFSS 19.2. Optimal circularly polarized performance is achieved when L1 = 18 mm, S3 = 84
mm, L3 = 15.1 mm.

(a) (b)

Figure 5. Cont.

(c)

Figure 5. Simulation axial ratio plots for Antenna Ant.III with varying lengths of the dipole arm L1,
the open stub L3, and the rectangular ring metal patch S3. (a) L1. (b) L3. (c) S3.

3. Antenna Design

To address the advantages of the proposed work, the performances comparison of the relevant
circularly polarized antenna are listed in Table 1. It can be seen that the proposed antenna has both
broadband and high gain performances.
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Table 1. Comparison of the proposed and reported CP cross-dipole antennas.

Reference S11 BW(%) AR BW(%) Overlapping
BW(%)

Average
Gain(dB)

[11] 50.2 27 53.7 6.8

[12] 50.5 26.4 52.2 8

[13] 47.3 25.3 53.4 7

[14] 31.6 23.2 73.4 7.1

[15] 64.6 22.89 35.4 7.6

Proposed 55.2 29.2 52.9 7.5

The proposed broadband circularly polarized crossed dipole antenna has been fabricated and
tested. The S-parameters were measured using an Agilent N5227A vector network analyzer, while
the axial ratio (AR), gain, and radiation pattern results were obtained with a Satimo system. Figure 6
displays the simulated and measured S-parameters, axial ratio, and realized gain. It is evident that
the simulation impedance bandwidth of -10 dB spans 56.1% (1.60 GHz to 2.85 GHz). The antenna’s
3 dB axial ratio bandwidth is 30.5% (1.89 GHz to 2.57 GHz), with a consistent gain of 8.1 dB within
the passband. The measured impedance bandwidth of -10 dB is 44.5% (1.78 GHz to 2.80 GHz). The
3 dB axial ratio bandwidth is 29.2% (1.9 GHz to 2.55 GHz), and the gain within the passband is
maintained at 7.5 dB. When compared to the simulation results, the impedance bandwidth remains
largely unchanged. However, the gain in the passband is reduced by approximately 0.6 dB, which
can be attributed to fabrication and testing inaccuracies. The normalized radiation patterns of the
proposed antenna at 1.9 GHz, 2.225 GHz, and 2.55 GHz are illustrated in Figure 8. These patterns show
a strong agreement between simulation and measurement results. The antenna’s primary radiation
direction is stable throughout the entire operational bandwidth. In the radiation direction, the strength
of the main polarization field (right circular polarization) is approximately 20 dB stronger than the
cross-polarization field (left circular polarization). This confirms that the antenna exhibits effective
right circular polarization.

(a) (b)

Figure 6. Cont.
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(c)

Figure 6. Simulation and measured results of the antenna. (a) S11. (b) AR. (c) Gain.

(a) (b)

Figure 7. Photographs of the fabricated Antenna. (a) Top view. (b) Side view.
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(a) 1.9 GHz; phi = 0° and 90°

(b) 2.225 GHz; phi = 0° and 90°

(c) 2.55 GHz; phi = 0° and 90°

Figure 8. Radiation patterns of the proposed antenna at (a) 1.9 GHz and (b) 2.225 GHz (black lines:
simulation, red lines: measurement).

Table 1 summarizes a performance comparison of relevant circularly polarized antennas, high-
lighting the advantages of the proposed design. Notably, the proposed antenna offers both broadband
capabilities and high gain performance.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 July 2024                   doi:10.20944/preprints202407.1409.v1

https://doi.org/10.20944/preprints202407.1409.v1


10 of 11

4. Conclusion

The high-gain broadband circularly polarized cross dipole antenna has been proposed. The
antenna employs two pairs of cross dipoles and a pair of three-quarter rings to generate circular
polarization radiation. By loading open-circuit branches onto the four arms of the two pairs of crossed
dipoles, a new circular polarization radiation frequency is introduced. A rectangular ring patch placed
directly beneath the crossed dipoles creates a third axial ratio frequency, effectively enhancing the
axial ratio bandwidth of the antenna. Metal posts positioned at the four right angles of the rectangular
ring patch serve to boost the antenna’s gain. Experimental results reveal that the antenna’s 3 dB axial
ratio bandwidth spans 29.2% (1.9 GHz to 2.55 GHz), with a consistent gain of 7.5 dB throughout
the passband, demonstrating good circular polarization radiation characteristics. Consequently, the
proposed antenna holds significant potential for applications in wireless communication systems.
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