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ABSTRACT: To improve surface current distribution and give dual polarizations, a petal-shaped array antenna with slots was presented.
We analyze the surface current of petal-shaped array antenna, study the working modes of each part, and use defect structures to remove
surface reverse currents to reduce sidelobes and achieve high gain characteristics. By changing the radiation length of the antenna,
the designed antenna operates in the target frequency band. Then, strip defects are introduced to improve surface current and enhance
isolation. Finally, antenna prototype was fabricated and measured to demonstrate our ideas. The measured results show that the proposed
antenna has a 10 dB impedance bandwidth from 5.74 to 5.82 GHz with a relative bandwidth of 1.4% and achieves a peak gain of 11.3 dBi
at 5.8 GHz. The isolation of the two ports is more than 26.4dB in the passband. The overall size of the proposed antenna is only

1.47X0 x 1.47TXg X 0.015\0.

1. INTRODUCTION

s a novel antenna technology, dual-polarized antennas ex-

hibit superior performance in the suppression of multi-
path fading, enhancement of channel capacity and spectral ef-
ficiency. Its most prominent advantage is that it can save the
number of antennas for a single directional base station. Con-
sequently, dual-polarized antennas are highly competitive in
communication systems [ 1]. Under various requirements, some
literature has explored different types of dual polarized anten-
nas, such as dielectric resonant antennas [2, 3], dipole anten-
nas [4-6], slots [7], and microstrip antennas [8,9]. Among
them, microstrip antennas are the most prevalent type employed
in contemporary wireless systems, due to their numerous ad-
vantages such as low profile, low cost, and compatibility with
planar circuits. Given that antenna gain has a direct impact on
system performance, various techniques have been proposed
to enhance the gain of antennas such as slotted patch anten-
nas [10] and introduction of new resonant modes [11, 12]. In
[11], broadband performance is achieved by combining the
quasi TM30 mode introduced by a mushroom-shaped structure
and the original TM10 mode generated by the main radiating
patch. In [13], a new wideband near-field probing antenna was
proposed to increase the effective isotropic radiated power from
32dBm to 34.1 dBm. It is evident that antenna arrays can ef-
fectively enhance the gain, as evidenced by [14]. However, the
size of the array antenna is typically considerable, and the feed
network can complicate the overall system structure.

The antenna’s dual-polarization characteristics are generally
achieved by dual-port feeding, and the isolation between ports
is also an important parameter to measure the performance of
dual-polarized antennas. Various methods to improve port iso-
lation have been studied in the literature such as dedicated feed
network [15], vias feed [16], frequency selective surface [17],
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polarized isolation cavity [18], concurrent dual-mode substrate
integrated waveguide structure [19], and stacked patches [20].
Designing a dedicated feed network can directly and effectively
improve the port isolation, and differential feeding can effec-
tively excite two polarization modes to improve the port iso-
lation [15]. In [16], the use of vias to feed each part of the
antenna individually can effectively reduce surface waves to
achieve very good isolation. In addition, in [18], the use of
a polarized isolation cavity makes the isolation degree much
higher than 50 dB; however, it makes the overall structure of
the antenna very complicated. Overall, it is still quite challeng-
ing to design dual-polarized microstrip antennas with high gain
and high isolation.

In this paper, a petal-shaped microstrip patch antenna is in-
vestigated. The surface current and operating mode of the an-
tenna are analyzed, and the central reverse current portion of
the patch is removed to suppress the sidelope level. The op-
erating band is adjusted by changing the equivalent electrical
length, and the slot defects are added to improve the antenna
isolation. Finally, a dual-polarized microstrip patch antenna is
fabricated and measured to verify the correction effect of the
proposed method. The proposed antenna exhibits promising
usage in diversity and MIMO systems.

2. ANTENNA DESIGN

2.1. Antenna Configuration

Figure 1 illustrates the general pattern and detailed dimensions
of the designed antenna. The antenna consists of four circular
patches arranged in a conventional petal-shape with a circular
defect in the center of the antenna, an inward-facing semicircu-
lar protrusion within the defect near each of the two feed points,
and an outward-facing bar notch on the patch between the two
feed points. The antenna is printed on an FABME220 dielec-
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FIGURE 1. Configuration of the proposed antenna: D =21, F = 1,G =76, L = 11.8, K = 3, R1 = 13.8, R2 = 10, R3 = 3.3, S = 0.5,

W = 3,and t = 0.762 (unit: mm).
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FIGURE 2. (a) The evolution process of the petal-shaped array antenna. (b) Current distributions of the antenna evolution at resonant frequency.

tric substrate (¢, = 2.2, tané = 0.0007) with a thickness of
t = 0.762mm. Two 502 SMAs are used to excite each po-
larization of the antenna. The interior part of the 50 2 SMA is
linked to the patch by means of a 50 2 microstrip line, while the
exterior part is welded to the ground plane. The signal source
is usually connected through a 50 Q2 SMA connector, and the
impedance of the antenna’s feed line is set to 50 (2. Based on
the dielectric constant, loss tangent parameter, and thickness of
the substrate, we can use a Commercial software to obtain the
microstrip line width corresponding to an impedance of 50 2.
The length of the microstrip line only affects the phase of the
input signal, while the distance between the edge of the antenna
patch and the edge of the board is generally set to A\/4, and the
length of the feeder can be adjusted appropriately according to
M4.

2.2. Operating Principle

To achieve high gain and high isolation, a dual-polarized an-
tenna is proposed to improve the antenna surface current by us-
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ing defective structures and by changing the antenna operating
mode. Two feed lines are arranged vertically to achieve dual
polarizations. The evolution process of the petal-shaped array
antenna (marked as Ant. A, Ant. B, Ant. C, Ant. D) is shown
in Fig. 2(a). The simulation current distribution of the antenna
evolution is shown in Fig. 2(b). Obviously, Part 1 and Part 3 in
Ant. A operate in TM; mode, while Part 2 and Part 4 operate
in TM;; mode. It can be noted that the inverted phase currents
of the high order modes generate side interference. From the
figure, one can see that the current in the center part of Ant.
A is anti-phase compared with that of the other parts. From
Fig. 2(b), it can be observed that the anti-phase current can
be eliminated by digging a hole in the center part of Ant. A
(Marked as Ant. B). At this time, the surface current distribu-
tion in the four parts of the proposed antenna keeps the same
direction, which makes more energy to concentrate on the main
flap (see Fig. 3). The paraflap level increases from —13.1dB
to —20.2dB.

The effect of various D (i.e., spacing between the center of
the circular patches and the edge of the substrate) on the di-
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FIGURE 4. (a) Directivity of the Ant. D with various D, (b) S11 versus different R3, (¢) S21 versus different S.

rectivity is given in Fig. 4(a). We can find that the maximum
directivity of Ant. D is 10.85dB when D = 21 mm. From
Fig. 4(b), it is found that the size of the semi-circular patch has
a significant effect on the resonance frequency of the antenna
resonance frequency. When R3 = 3.3 mm, the operating fre-
quency is 5.8 GHz, which is consistent with expected results.
Fig. 4(c) shows the effect of the rectangular defect depth on the
|S21] parameters of the antenna. It can be clearly seen that when
S = 0.5 mm, the isolation of the antenna is the best. The S} (22)
evolution performances of the proposed antennas are shown in
Fig. 5(a). The resonance frequency of Ant. D is 5.8 GHz, and
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the —10 dB bandwidth is 0.08 GHz (5.76-5.84 GHz). The an-
tenna is fed by dual ports, and the S-parameters of the two ports
(S11, S22) are kept the same due to the symmetrical structure.
The isolation |S;| of Ant. D in the operating band is less than
—25.8dB, and the isolation is —37.4 dB at 5.82 GHz, as dis-
played in Fig. 5(b). Obviously, the addition of rectangular de-
fect reduces the current interactions between the ports and does
not have a visible impact on the antenna resonant frequency
and gain, while improving the isolation between the dual ports.
From Fig. 5(c), one can see that the gain of Ant. D is 12.1 dBi.
When both ports are fed simultaneously, and the phase differ-
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FIGURE 5. Simulated performance of the proposed antenna. (a) S11(22), (b) S21, (c) Antenna gains.
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FIGURE 6. The axial direction of the antenna under both ports fed si-
multaneously.

ence is 90°, the axial direction of the antenna is shown in Fig. 6.
When Phi = 0°, the axial ratio is less than 3 within the range
of —16° to 21°. When Phi = 90°, the axial ratio is less than 3
within the range of —24° to 49°. Itis indicated that the designed
antenna can generate circularly polarized waves.

3. EXPERIMENTAL RESULTS

To verify the radiation characteristics of the proposed antenna,
a prototype has been fabricated, and the top and bottom views
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of the fabricated prototype are shown in Figs. 7(a) and (b). Fig.
7(c) illustrates the measurement setup of the proposed antenna.
As shown in Fig. 8(a), it can be observed that the measured
reflection coefficients [S11(22)| of the two ports are less than
—10dB at 5.74-5.82 GHz and 5.74-5.81 GHz, with the band-
widths of 1.38% and 1.3%, respectively, which are in good
agreement with the simulated results. The measured isolation
between the two ports is larger than 25 dB within the operating
bandwidth and reaches 30 dB at 5.8 GHz. The measured isola-
tion between the two feed ports is almost identical to that of the
simulated result. The simulated and measured gains of the dual-
polarized antenna are shown in Fig. 8(b). When port 1 is ex-
cited, the gain at 5.8 GHz reaches 11.3 dBi with a radiation effi-
ciency of 86.1%. While port 2 is excited, the peak gain achieves
10.9 dBi at 5.8 GHz with a radiation efficiency of 82.6%. Fig.
8(c) shows the envelope correlation coefficient (ECC), indicat-
ing that the ECC of our antenna is less than 0.39. Therefore, the
designed antenna has broad application prospects with multiple
input multiple output (MIMO) technology.

The simulated and measured normalized copolarized radia-
tion patterns plots at 5.8 GHz are shown in Fig. 9. In our test,
the antenna gives vertical polarization (co-polarization), then
horizontal polarization is the cross polarization. The measured
co-polarization (Ejy) levels are essentially consistent with those
of the simulated results. The measured cross-polarization (E,,)
in the XOZ and YOZ planes is 20 dB lower than the copo-
larization. The small discrepancy between the simulated and
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FIGURE 7. (a) Top view; (b) bottom view and (c) measurement setup of the fabricated prototype antenna.
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TABLE 1. Comparison with the previous patch antennas.

Ref. Frequency (GHz) | Gain (dBi) Total size (\*) Isolation (dB)
12 4.9 9.6 1.3 x1.3x0.49 30
16 5.8 3.9 0.96 x 0.96 x 0.03 26.5
21 3.4/4.3 5.35/6.75 1.0 x 0.8 x 0.018 23
22 8.20/10.55 4.0/4.3 0.6 x 1.23 x 0.027 25
23 2.45/3.5 3.5/3.15 0.48 x 0.4 x 0.013 33
This work 5.8 11.3 1.47 x 1.47 x 0.015 30
189
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FIGURE 9. Simulated and measured radiation patterns of the proposed antenna fed through. (a) Port 1 in zoz plane. (b) Port 1 in yoz plane. (c) Port

2 in xoz plane. (d) Port 2 in yoz plane at 5.8 GHz.

experimental results is due to manufacturing and testing errors.
A comprehensive comparison between our design and other
dual-polarized patch antennas is presented in Table 1. The gain
of our antenna is larger than that of the reported antennas in
[12,16,21-23], and the isolation of the designed antenna is also
excellent. Obviously, the proposed antenna has the advantages
of high gain, good isolation, small size, compatibility with dual
polarized applications, and simple structure.

4. CONCLUSION

We have proposed a petal-shaped array antenna with slots for
improving surface current distribution and giving dual polariza-
tion. The petal-shaped antenna composed of circular patches
achieves high gain after removing the central reverse current
part, and the added small semi-circular patch regulates the res-
onant frequency of the antenna. By etching the strip-shaped
groove, the isolation between the two ports has been signifi-
cantly improved. Finally, a prototype was fabricated and mea-
sured to justify the correction of our idea. The proposed an-
tenna has a 10 dB impedance bandwidth of 5.74 to 5.82 GHz,
a relative bandwidth of 1.4%, and a peak gain of 10.67 dBi at
5.8 GHz. The measured isolation between the two ports reaches
30dB at 5.8 GHz.
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