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Abstract: A wideband, low-profile, dual-polarized antenna using a metasurface (MS) is proposed in
this paper. This design consists of a pair of crossed dipoles, an MS, a metal cavity and two baluns.
The proposed MS acts as an artificial magnetic conductor (AMC), which is designed for the £90°
reflection-phase bandwidth of 1.4-2.9 GHz. Compared with the 0.25A; profile of the traditional
crossed dipoles, the profile is reduced to 0.15)¢ by using the in-phase reflection characteristics of the
MS, which realizes the utilization of space. The measured results show that the antenna has a 10 dB
return loss of 68.2% with isolation of more than 30 dB (1.45-2.95 GHz). The realized gain is 9 dBi
with £1 dBi variation, especially exceeding 10 dBi from 2.1 to 2.8 GHz.
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1. Introduction

The rapid development of wireless communication systems has made dual-polarized
antennas suitable for base stations. The wideband dual-polarized antenna can cover multi-
ple wireless communication frequency bands, which satisfies the integration of wireless
devices and effectively realizes the best interests of space. There are various approaches to
improve the impedance bandwidth [1-10]. The Y-shaped feeding line helps to achieve a
wide band [1,2]. The radiator is coupled with the parasitic element to form a multimode
antenna, thereby expanding the operating frequency band [3-7]. In 2018, a novel dual-
polarized multi-dipole antenna was proposed [7]. The radiator consists of a pair of big
dipoles and a pair of small dipoles, achieving a wide band and stable radiation patterns.
With the deepening of research, it has been found that an MS has the ability to achieve a
wide band [8-13]. In 2022, a circularly polarized patch antenna using an MS achieved a
10 dB impedance bandwidth of 65.06% (5.62-11.04 GHz) [10].

The metal reflector has a fixed reflection phase of 180°. In order to achieve stable
directional radiation, the distance between the antenna and the metal reflector is about a
quarter of the wavelength. An artificial magnetic conductor (AMC), as a kind of MS, has
the characteristics of in-phase reflection, which can be used to reduce profile and improve
gain [14-22]. In [14], a circular AMC unit with in-phase reflection bandwidth of 2.4-2.7 GHz
is proposed, which is combined with dipoles to achieve a height of 0.08A¢ and a bandwidth
of 22.3% (2.4-3 GHz). In [15], an AMC unit consisting of a circular patch and a ring is
presented, operating in dual bands (2.33-2.57 GHz and 5-5.36 GHz). This antenna has a
height of 0.088A¢ at 2.4 GHz. In order to solve the problem of the AMC’s narrow band, an
AMC with a wide in-phase reflection band from 1.64 to 2.88 GHz is proposed in [16]. The
antenna has a 10 dB impedance bandwidth of 54.8% and a low profile, but the gain is only
7.3 dBi with a variation of 0.7 dBi. It can be observed that the above AMCs reduce the profile,
but the gain is not prominent and is lower than 8 dBi. The in-phase reflection property can
be used to superimpose the reflected waves and the forward waves at an extremely low
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profile. The design in [17] has a gain of more than 9 dBi in the range of 3.6 to 5 GHz after
using flower-type AMC. It is well known that microstrip antennas have the advantages of
a low profile, small size and light weight, but the gain is not high [23,24]. However, in [25],
using AMC achieves a wide band of 58.6% and a gain of more than 10 dBi across the entire
operating band. The above published papers show that AMCs can not only reduce the
profile, but also improve the gain. Modern communication systems require the antenna
performance parameters to be balanced. In current society where spectrum resources
are very precious, the number of users is increasing rapidly, and people’s demand for
transmission information is also constantly increasing. Multiple wireless communication
systems need to be integrated into the same wireless device platform, which can effectively
achieve the best use of space. Therefore, it is necessary to design an antenna with a wide
band, low profile and high gain.

A wideband dual-polarized antenna with a low profile based on MS is presented in this
paper. This design has a 10 dB impedance bandwidth of 68.2% from 1.45 to 2.95 GHz, cover-
ing the 2G (1710-1920 MHz), 3G (1880-2170 GHz) and 4G (2300-2400 and 2570-2690 MHz).
An MS with a wide in-phase reflection phase band (1.45-2.93 GHz) is proposed. Com-
bining the MS with the traditional crossed-dipoles, the antenna obtains a low profile of
0.15XAg (Ag is free-space wavelength at the 2.2 GHz). The gain reaches 9 & 1 dBi in the
whole operating band. It is worth noting that the antenna can achieve the superposition
of reflected waves and forward waves at a low profile, resulting in gains above 10 dBi
in the range of 2.1 to 2.7 GHz. With the aid of metallic walls and baluns for radiation
pattern stability, low cross-polarization and a high front-to-back ratio are achieved over the
operating frequency band.

2. Antenna Design and Analysis
2.1. Antenna Structure

The geometric configuration of the proposed antenna are shown in Figure 1. The
antenna consists of a pair of crossed dipoles, an MS, a metal cavity and two baluns. The
MS is a regularly arranged square lattices with slots printed on the FR4 substrate (e, = 4.4,
tand = 0.02, and thickness of 0.8 mm). The radiation element is a pair of crossed dipoles
printed on another FR4 substrate (¢, = 4.4, tand = 0.02, and thickness of 0.8 mm). The metal
cavity consists of a metallic ground and four metallic walls, which contribute to obtaining
stable radiation patterns. The antenna has a height of 0.15Aq and is fed by 50 () coaxial
lines. The optimized parameters are listed in Figure 1.

By comparing the performance of the four antennas in Figure 2, the structure of the
proposed antenna is finally determined. Step 1 involves building a crossed-dipole antenna.
The +45° dipole is the driven dipole, and the —45° dipole matches the 50 () load as the
parasitic unit. The antenna produces two resonant modes. The first resonant mode is
generated by the driven dipole, and the second is generated by the parasitic dipole due
to strong coupling. Figure 2b shows that the frequency band of Ant.1 covers 1.7-3.1 GHz,
but the gain is less than 8 dBi and the cross polarization is too large. The height of Ant.
1is 38.8 mm (0.28)A¢ at 2.2 GHz). In order to improve the radiation patterns and reduce
the cross polarization, two baluns are added to Ant.1 in Step 2. Figure 2d shows that
the cross polarization is reduced. It can be seen from Figure 2c that the gain is increased
slightly. In Step 3, by introducing the MS, Ant. 3 achieves a low profile (20.8 mm, 0.15A)
and a significant increase in gain. However, the cross polarization increases at 2.7 GHz.
To solve the problem of excessive cross polarization of Ant. 3 at 2.7 GHz, four metallic
walls are introduced. By comparison, the cross polarization of Ant. 4 is smaller than that
of Ant. 3, and the impedance matching from 1.5 to 2.1 GHz is improved, and the gain is
further enhanced.
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Through the above four steps and the optimization of parameters, the structure of
the proposed antenna was ultimately determined. A is the free-space wavelength at the
central frequency.

In order to improve the performance of antennas, it is necessary to study the param-
eters of MS. Therefore, the distance between the MS and the metallic ground (Hy), the
length of the slot (b) and the gap (c) are studied. When studying one of the parameters, the
other parameters are kept as the values in Figure 1. Figure 3a shows that the increase in
H; causes the working band to move to lower frequencies, while improving impedance
matching. Figure 3b illustrates that impedance matching is better when b is taken as 6 mm.
As shown in Figure 3c, as c increases, the impedance matching deteriorates from 1.7 to
2.4 GHz, whereas the impedance matching gets better from 2.4 to 2.8 GHz.

I Bottom
[ Top

Dipoles

Metallic wall

(a) (b)

(c) (d)

MS surface di}oles

|

H, H, Th,

l—’N

(e)

Figure 1. Configuration of the proposed antenna: (a) 3D view; (b) feeding structure. (c) top view of
the dipoles; (d) top view of the MTS unit; (e) side view. L; =13.7; L =4.7, L3 =19.8; L4 = 9.9, L5 = 8.7;
L¢=5,L;=70;Lg =120, Lg =150; W1 =2; W, =1.2;R; =1.6; H; =20; H, =26, H3 =8;a=12;b =6;
c¢=23.5;d =16.5; all in mm.
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Figure 2. Performance comparison among four types of antennas: (a) Design steps of the proposed
antenna, (b) 1511 |, (¢) Gain, (d) Radiation patterns for xoz-plane.
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Figure 3. Analysis on the parameters of the MS: (a) Hy; (b) b; (c) c.
2.2. Design of MS Unit

An MS is a periodic structure, so it is only necessary to simulate a unit. By setting the
matching port and boundary conditions, the electromagnetic characteristics of the infinite
period MS structure can be simulated. At present, the methods of setting periodic boundary
conditions include the Floquet Port method and the Wave Port method. In this paper, the
Floquet Port method is used, and the specific modeling process is as follows:

(1) Build an MS unit model and tightly attach it to the substrate to create an air box. The
upper surface of the air box is at least A/4 from the upper patch of the MS unit, and
the lower part of the FR4 substrate is set as a metal ground.

(2) Set two pairs of master—slave boundaries on the four walls of the air box. The
slave boundaries and their respective master boundaries are relative, and the vector
direction of each pair of master—slave boundaries should be consistent.

(38) Set the Floquet Port on the surface of the air box and use the Deembed function
to move the port reference surface to the MS surface. Electromagnetic waves are
incident from the Floquet Port and resonate on the MS surface, resulting in a reflection
phase curve.

The MS proposed in this paper acts as an AMC. The proposed MS unit is shown in
Figure 4, with an in-phase reflection band ranging from 1.45 to 2.93 GHz. The band with
the reflection phase between +90° and —90° is the in-phase reflection band.

Four types of MS units are proposed here. By comparing the reflection phase curves,
Figure 5 shows that the proposed MS unit has the widest in-phase reflection phase band-
width, and the in-phase reflection bandwidth is improved after adding four slots.
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Figure 5. Four types of MS units and the reflection phase curves.

2.3. Effect of MS

The metallic reflector has a fixed 180° reflection phase, and it is necessary to introduce
a quarter-wavelength profile, which greatly increases the size of the antenna. Figure 6a
shows that the height is reduced from 38.8 mm to 20.8 mm by using the MS, almost half
the original height. The profile of the antenna without an MS is 0.28A¢ at 2.2 GHz, while
the profile of the antenna with an MS is only 0.15Ag at 2.2 GHz. To show the effect of
the MS, the S-parameters and gains of the proposed antenna are compared with those
of antenna without an MS. As shown in Figure 6b, after using the MS, the band of the
antenna moves to lower frequencies and the isolation is improved. The simulated results
indicate that the bandwidth is 66.4% (1.47-2.93 GHz) and the isolation is greater than
30 dB. Figure 6¢ shows that the gain of the proposed antenna is higher than that of the
antenna without an MS. It is worth noting that the gain is above 10 dBi in the range of 2.1
to 2.7 GHz. The mechanism of using the MS to enhance forward gain is shown in Figure 6d.
The backward radiation electromagnetic waves are reflected by the MS and superimposed
with the forward radiation electromagnetic waves, thereby enhancing the forward gain of
the antenna. Figure 6e shows that the radiation of the antenna in the far field is enhanced,
which indicates that the forward gain is enhanced.
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Figure 6. Effects of MS: (a) 3D view of antennas with and without an MS; (b) simulated S-parameters;

(c) simulated gain; (d) Schematic diagram of using the MS to enhance gain; (e) radiation field strength
at 2.5 GHz for antennas with and without an MS.

3. Results

The prototype of the antenna is shown in Figure 7, and the final size is 150 x 150 x 20.8 mm3
(1.1 x 1.1 x 0.15A¢%). Figure 8 shows that the measured results are basically consistent
with the simulated results. Figure 8a shows the simulated and measured S-parameters.
The antenna has a 10 dB impedance bandwidth of 68.2% from 1.45 to 2.95 GHz, with the
isolation being greater than 30 dB. Figure 8b shows that the measured gain is 9 + 1 dBi. The
measured gain is about 0.5 dBi lower than the simulated gain, which is normal. Due to the
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superposition of the reflected waves and the forward waves, the gain of the antenna from
2.1 to 2.7 GHz is more than 10 dBi. Figure 8c shows that the antenna has stable radiation
characteristics with stable radiation patterns. The front-to-back ratio (FBR) is greater than
20 dB and the cross-polarization discrimination (XPD) within £60° is greater than 10 dB.
Due to the symmetrical structure, only the data for port 1 are provided.

FepE. — o

Figure 7. Prototype of the proposed antenna.
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Figure 8. Measured and simulated results of the proposed antenna: (a) S-parameters; (b) gain;
(c) radiation patterns at the XOZ plane.
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The work in this paper is compared with some antennas using an MS in Table 1. By
comparison, the bandwidth and isolation of this antenna are greater than those in Table 1,
and the gain in the 4G band is greater than 10 dBi.

Table 1. Performance comparison with other antennas using MS.

Ref. Bandwidth 1S1;1 < —10dB Gain (dBi) Gain in 4G > 10 dBi Isolation (dB) Height (Ag)

[13] 33% (0.69-0.96 GHz) 83+09 No 25 0.1

[14] 22.3% (2.4-3 GHz) None No 28 0.07

[16] 56.3% (1.63-2.87 GHz) 73+£0.7 No 25 0.13

[22] 51.3% (1.68-2.84 GHz) 8.8+ 04 No 25 0.13

[26] 46.4% (1.69-2.71 GHz) 9+1 No 27 0.15
This work 68.2% (1.45-2.95 GHz) 93+£12 Yes 30 0.15

Ao: Free-space wavelength at the center frequency.

4. Conclusions

In this letter, a wideband dual-polarized antenna with a low profile has been proposed.
Compared to the 0.25A profile of traditional crossed dipoles, this antenna utilizes the zero-
reflection phase of the MS to achieve a low profile. The reflected electromagnetic waves
and forward electromagnetic waves are superimposed in the same direction to enhance
the gain, with a gain of over 10 dBi in the range of 2.1 to 2.7 GHz. The antenna structure is
easy to manufacture and has good performance. It has good application prospects in future
wireless systems.
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