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A new wideband cross-dipole antenna (CDA) with a circularly polarized (CP) characteristic is proposed in this article. Te
antenna consists of four L-shaped patches, two modifed trapezoid-microstrip lines as an impedance tuner, a pair of vacant-
quarter feeding loops as a continuous-phase feeding network, and four grounded inverted L-shaped strips as parasitic elements. It
is noticed that the grounded inverted L-shaped strips are inserted directly below the L-shaped patches to increase the CP
bandwidth and enhance the gains of the antenna, which is diferent from the conventional parasitic elements. First, a pair of
vacant-quarter feeding loops is used as a feeding structure to provide a sequential phase characteristic. Second, four L-shaped
patches as driven elements are connected to the feeding structure to excite two CP resonant modes.Tird, twomodifed trapezoid-
microstrip lines are inserted into the feeding structure to adjust the impedance match. Moreover, four grounded inverted L-
shaped strips are introduced into the square refector to achieve wider CP operation by utilizing a gap capacitive coupling feeding
way. Finally, the proposed antenna is simulated, manufactured, and measured to verify the design rationality. Te measured
results indicate the proposed antenna has a broad 3-dB ARBW of 82.5% (1.38–3.32GHz, 2.35GHz) and a wide −10-dB IBW of
81.2% (1.18–3.04GHz, 2.29GHz). Furthermore, the measured and simulated CP bandwidths are 75.1% (1.38–3.04GHz, 2.21GHz)
and 74.7% (1.36–2.98GHz, 2.17GHz), which is suitable for CP applications in WiBro (2.3–2.39GHz) and GPS (L1
1.575GHz) bands.

1. Introduction

Cross-dipole antennas (CDAs) are becoming more and more
popular in many communication systems because of their
outstanding features of wide bandwidth, directional radiation,
and fexible structure. In addition, circularly polarized (CP)
CDA has attracted a lot of attention in the communication
system as one of the potential candidates, compared with the
linearly polarized CDA.Tis is because that the CP MDA has
obvious advantages in reducing polarization misalignment
and alleviating multipath interference.

Recently, a pair of orthogonal vacant-quarter printed
rings as a continuous rotating feeding structure, which could
stimulate two kinds of signals with equal amplitude and

phase a diference of 90 degrees, is massively used in to the
CP CDAs. Generally, these CP CDAs with continuous ro-
tating feeding structures could be categorized into modifed
CP CDAs and CP CDAs with parasitic elements. First, in
order to achieve wideband 3-dB axial ratio bandwidth
(ARBW), various diferent shapes of CDAs are designed in
[1–7]. Tese modifed CDAs include the liner strip (15.6%)
[1], rectangular strip (27%) [2], stepped rectangular patches
(55.1%) [3], L-shaped patch (67.5%) [4], triangular bowtie
dipoles (39.0%) [5], slit-loaded rectangular patch (23.2%)
[6], and asymmetric bowtie patch (51%) [7]. Second, many
parasitic elements are inserted into the CP CDAs to obtain
wide CP bandwidths in [8–22]. Tis is because that these
parasitic elements can stimulate an additional CP resonant
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mode and participate in the radiation of the CDA. Similarly,
these parasitic elements consist of a folded ground plane
(74.7%) [8], slot-etched rectangular patches (72.7%) [9],
a stepped cross-dipole (59.1%) [10], additional square-
patches (66%) [11], asymmetric L-shaped strips (52.2%)
[12], triangle patches (58.9%) [13], shorted coupled pads
(85.5%) [14], four rotated metallic plates (106.1%) [15],
a slot-bowtie cross-dipole (90.9%) [16], a trapezoidal dipole
(63.4%) [17], a half-ellipse dipole (68.6%) [18], asymmetric
cross-loop (53.4%) [19], dual-square cavity ground (66.7%)
[20], parasitic composite cavity (96.6%) [21], rotated-
circular dipoles (47.8%) [22], and magneto-electric dipoles
(47.7%) [23].

Based on the concept of paganism, a new CD CPA with
four grounded inverted L-shaped strips is proposed in this
work. It is noticed that the grounded inverted L-shaped strips
are inserted directly below the L-shaped patches to increase the
CP bandwidth and enhance the gains of the antenna, which is
diferent from the conventional parasitic elements. Te CD
CPA is composed of four L-shaped patches, two modifed
trapezoid-microstrip lines as an impedance tuner, a pair of
vacant-quarter feeding loops as a continuous-phase feeding
network, and four grounded inverted L-shaped strips as par-
asitic elements. First, a pair of vacant-quarter feeding loops is
used as a feeding structure to provide a sequential phase
characteristic. Second, four L-shaped patches as driven ele-
ments are connected to the feeding structure to excite two CP
resonant modes. Tird, two modifed trapezoid-microstrip
lines are inserted into the feeding structure to adjust the im-
pedance match. Moreover, four grounded inverted L-shaped
strips are introduced into the square refector to achieve wider
CP operation by utilizing a gap capacitive coupling feeding
way. Finally, the proposed antenna is simulated, manufactured,
and measured to verify the design rationality.

2. Antenna Design

2.1. Antenna Confguration. Te structure and dimensions
of the CD CPA are depicted in Figure 1 and Table 1, re-
spectively. As seen, the presented CD CPA includes four L-
shaped patches (L3×W3 and L4×W4) as driven elements,
two modifed trapezoid-microstrip lines (L1×W1 and
L2×W2) as an impedance tuner, a pair of vacant-quarter
feeding loops (R0×R1) as a continuous-phase feeding
network, a square ground plane (L×W) as a refector, and
four grounded inverted L-shaped strips (L5×W5) with
a height of h2 as parasitic elements. Te CD CPA is printed
at a Rogers. RTsubstrates (εr� 4.4, tan δ � 0.02) with a height
of h1. Note that vacant-quarter feeding loops with the length
of ∼λg/4 (λg is the guided wavelength at the center fre-
quency) are used to provide a 270° phase diference, which
can stimulate a CP operation mode [15].Te outer and outer
radii of the strip are R0 and R1, respectively. In addition, four
grounded inverted L-shaped strips are etched into the square
ground plane to excite a CP resonant mode. Te optimized
dimensions of the designed antenna are conducted through
utilizing high-frequency electromagnetic simulator (ANSYS
HFSS), and the optimal parameter values are summarized in
Table 1.

2.2. Step-by-Step Design Process. Figure 2 plots four step-
by-step prototypes (Ant. I, II, III, and proposed antenna) as
a comparison to explain the working mechanism of the CD
CPA. Te corresponding −10-dB return loss, and 3-dB AR
are together depicted in Figures 3(a) and 3(b), respectively.
As seen, Ant. 1 has a pair of vacant-quarter feeding loops
with four L-shaped patches, which could excite multiple CP
resonant modes near 2.1 GHz. However, the return loss of
Ant. I is not good due to the poor impedancematch. In order
to improve the impedance match, two modifed trapezoid-
microstrip lines as an impedance tuner are introduced into
the Ant. II. As seen, compared with the results of Ant. I, the
IBW of Ant. II can be signifcantly improved, and the ARs
are not obviously changed. Note that the ARBW of Ant. II
cannot completely cover the IBW of that. Terefore, four
grounded parasitic I-shaped and L-shaped strips are inserted
into the Ant. III and the proposed antenna to expend the
ARBW, respectively. It is observed that the ARBWs of Ant.
III and the proposed antenna could be obviously improved
compared with the ARBW of Ant. II. In addition, the IBW
and ARBW of the proposed antenna are the best. Tis is
because that the parasitic L-shaped strips can stimulate an
additional CP resonant mode at high frequencies. As a result,
the proposed CD CPA features a wide 10-dB IBW of 83.8%
(2.1GHz, 1.22–2.98GHz) and a 3-dB ARBW of 81.7%
(2.3GHz, 1.36–3.24GHz). In addition, a comparison of the
proposed CD CPA with previously reported antennas is
depicted in Table 2, which reveals that the antenna has
a wider CP performance.

2.3. Simulated Surface Current Analysis. For the purpose of
revealing the CP operating principle, the vector surface-
current distributions on the designed CP CDA at 1.85 and
2.8GHz are plotted in Figure 4. Note that the vector surface
currents of the grounded L-shaped strips are also depicted in
Figure 4 for explaining the role of the parasitic L-shaped
strips. Based on Figure 4, it is observed that the vector
surface current is mainly distributed on the L-shaped
patches, and a small amount is distributed on the groun-
ded L-shaped strips. In addition, it is noticed that the surface
currents of the grounded L-shaped strip are always opposite
to that of the L-shaped patches, which means the total
surface currents are reduced. It is well known that the
smaller the surface current, the higher the operating fre-
quency. In addition, compared with the surface currents of
the parasitic L-shaped strip at 1.85 and 2.8 GHz, it is found
that the surface currents at 2.8GHz are greater than those at
1.85GHz. Terefore, the working frequency of the antenna
shifts toward high frequency. Finally, with the change of
phase at 0° and 90°, the direction of the surface-current on
the CP CDA begins to rotate clockwise at 1.85 and 2.8GHz,
which means the CP CDA could radiate the left-hand CP
waves in +z direction.

2.4. Antenna Parameter Analysis. To reveal the infuence of
the antenna’s dimensions on its CP characteristics, multiple
parameter scans are conducted through changing the rele-
vant antenna’s sizes, which include the side length (L2) of the
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modifed trapezoid-microstrip lines, the side length (L4) of
the L-shaped patches, and the length (L5) and height (h2) of
the grounded L-shaped strips.Te corresponding return loss
and AR values are plotted in Figure 5. Multiple interesting
phenomena can be discovered. One is that the side length
(L2) of the modifed trapezoid-microstrip lines has a sig-
nifcant infuence on the IBW due to the impedance tuning
impact. Te second is that the side length (L4) of the L-
shaped patches has obviously an impact on the IBW and
ARBW, as the L-shaped patches are the main driving ele-
ment. Te third is that the length (L5) and height (h2) of the
grounded L-shaped strips as parasitic elements simulta-
neously determine the IBW and ARBW at high frequencies.
Tis is because that ground L-shaped strips play a key role in
stimulating an additional CP resonant mode at high

frequencies, which is consistent with the above results of the
step-by-step design process. Finally, when the parameters
L2� 4.2mm, L4� 36mm, L5� 46mm, and h2� 30mm, the
optimal IBW and ARBW could be achieved.

3. Experimental Results

To prove the rationality of the design, an optimal antenna
model was printed and measured in this subsection. Te CP
CDA’s model was simulated, manufactured, and tested. Te
vector network analyzer (ZNB 20) and the Satimo Starlab
system are applied to measure the return loss |S11|, ARs,
gains, and radiation pattern values. Te comparisons be-
tween the simulated and tested results are plotted in
Figures 6–8. As seen, the simulated and tested return loss
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Figure 1: Geometry of the CD CPA.
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and AR values versus frequency are depicted in Figures 6(a)
and 6(b), respectively. It is observed that the measured 3-dB
ARBW and −10-dB IBW are 82.5% (1.38–3.32GHz,

2.35GHz) and 81.2% (1.18–3.04GHz, 2.29GHz), while the
simulated results are 81.7% (1.36–3.24GHz, 2.3GHz) and
83.8% (1.22–2.98GHz, 2.1 GHz). Furthermore, the

Table 1: Key parameters of the CD CPA (unit: mm).

Sizes Values
L 180
R0 4.7
L1 4.8
L2 4.2
L3 52
L4 36
L5 46
h 0.8
h2 30
W 180
R1 5.2
W1 2.8
W2 3.6
W3 8.6
W4 26
W5 20
h1 36.6

Ant. I Ant. II ProposedAnt. III

Figure 2: Five antenna models in the design process.
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Figure 3: |S11|, AR, and gain curves for diferent antennas: (a) |S11| curves and (b) AR curves.
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Table 2: Comparison of the proposed antenna to previously reported antennas.

Ref. antenna Antenna size (λ0) −10-dB IBW (%) 3-dB ARBW (%) CP-BW (%)
[3] 2.06× 2.06× 0.13 66.9 55.1 55.1
[4] 1.81× 1.81× 0.23 92.8 67.5 67.5
[5] 2.06× 2.06× 0.26 57.6 39.0 39.0
[6] 0.44× 0.44× 0.14 31.6 23.2 23.2
[7] 0.88× 0.88× 0.23 57.0 51.0 51.0
[8] 1.08×1.08× 0.26 85.7 100 74.7
[9] 1.11× 1.11× 0.28 99.2 72.7 72.7
[10] 1.12×1.12× 0.24 80.8 59.1 59.1
[11] 1.04×1.04× 0.26 77.6 66.0 66
[12] 1.03×1.03× 0.25 100 52.2 52.2
[14] 1.17×1.17× 0.29 95.0 85.5 85.5
[15] 0.28× 0.28× 0.11 115.6 106.1 106.1
[17] 0.46× 0.46× 0.10 78.3 63.4 63.4
[18] 0.97× 0.97× 0.32 82 68.6 68.6
[19] 1.10×1.10× 0.28 67.5 53.4 53.4
[20] 0.57× 0.57× 0.24 79.4 66.7 66.7
[21] 0.71× 0.71× 0.35 106 96.6 96.6
[22] 0.40× 0.40× 0.17 66.2 47.8 47.8
[23] 1.10×1.10× 0.29 73.3 47.7 47.7
Proposed 1.08×1.08× 0.26 81.2 82.5 74.7
λ0 is the centre frequency of CP bandwidth.
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Figure 4: Simulated current distributions on the CP CDA with diferent phases at (a) 1.85GHz and (b) 2.8GHz, respectively.
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Figure 5: |S11| and AR curves of the designed antenna with diferent parameters: (a) L2, (b) L4, (c) L5, and (d) h2.
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Figure 6: Simulated and measured |S11| and AR results of CP CDA.
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(b)

Figure 7: Simulated and tested antenna gains and measurement photograph: (a) gain curves and (b) photograph.
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Figure 8: Simulated and tested radiation patterns of the CP CDA antenna at: (a) 1.85GHz and (b) 2.8 GHz.
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measured and simulated overlapped CP bandwidths are
75.1% (1.38–3.04GHz, 2.21GHz) and 74.7%
(1.36–2.98GHz, 2.17GHz). Besides, the simulated and
measured realized gains and measurement photograph of
the designed antenna are also shown in Figures 7(a) and
7(b). Te measured peck gain is 10.8 dBic at 2.15GHz.
Eventually, the simulated and measured normalized radia-
tion patterns with the E-plane and H-plane at 1.85 and
2.80GHz are depicted in Figure 8. As depicted, the right-
hand CP waves are weaker than the left-hand CP parts by
more than 20-dB, which shows the designed antenna could
radiate the left-hand CP wave in the +z direction. Although
a slight discrepancy between the tested and simulated results
could be found, in general, these results have been able to
demonstrate the rationality of the design.

4. Conclusions

A new wideband cross-dipole antenna (CDA) with a circularly
polarized (CP) characteristic is proposed in this article. Te
antenna consists of four L-shaped patches, two modifed
trapezoid-microstrip lines as an impedance tuner, a pair of
vacant-quarter feeding loops as a continuous-phase feeding
network, and four grounded inverted L-shaped strips as par-
asitic elements. It is noticed that the grounded inverted L-
shaped strips are inserted directly below the L-shaped patches to
increase the CP bandwidth and enhance the gains of the an-
tenna, which is diferent from the conventional parasitic ele-
ments. First, a pair of vacant-quarter feeding loops is used as
a feeding structure to provide a sequential phase characteristic.
Second, four L-shaped patches as driven elements are connected
to the feeding structure to excite two CP resonantmodes.Tird,
two modifed trapezoid-microstrip lines are inserted into the
feeding structure to adjust the impedance match. Moreover,
four grounded inverted L-shaped strips are introduced into the
square refector to achieve wider CP operation by utilizing a gap
capacitive coupling feeding way. Finally, the proposed antenna
is simulated, manufactured, and measured to verify the design
rationality.Temeasured results indicate the proposed antenna
has a broad 3-dB ARBW of 82.5% (1.38–3.32GHz, 2.35GHz)
and a wide −10-dB IBW of 81.2% (1.18–3.04GHz, 2.29GHz).
Furthermore, the measured and simulated CP bandwidths are
75.1% (1.38–3.04GHz, 2.21GHz) and 74.7% (1.36–2.98GHz,
2.17GHz), which is suitable for CP applications in WiBro
(2.3–2.39GHz) and GPS (L1 1.575GHz) bands.
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