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ABSTRACT A low-profile dual-band dual-polarized antenna with an artificial magnetic conductor (AMC)

reflector is proposed for 5G communications. The antenna consists of a pair of crossed dual-polarized

dual-band bowtie dipoles and a dual-band AMC reflector. By introducing trapezoidal slots and U-shaped

slots on the bowtie dipoles, miniaturization and dual-band characteristics are achieved. Moreover, T-shaped

feeding structures are utilized to broaden the bandwidth of the bowtie dipoles. By adopting a dual-band

AMC reflector instead of a conventional perfect electric conductor (PEC) reflector, the distance between the

radiator and the reflector can be reduced from 0.25λ0 to 0.08λ0 (where λ0 is the free-space wavelength at

3.5 GHz). The radiator can maintain the impedance bandwidth and a high gain can also be achieved, even if

it is close to the AMC reflector. A geometrical optics model is used to explain the mechanism of the AMC.

The optimal parameters of the AMC depend on the antenna operating frequency and the distance between

the radiator and the reflector. Measurements show that the proposed dual-band antenna has an impedance

bandwidth of 19.8% (3.14-3.83 GHz) and 13.2% (4.40-5.02 GHz), covering the sub-6 GHz frequency spectra

of 5G mobile communications. The peak gain is 7.1 dBi in the lower band and 8.2 dBi in the upper band.

Port isolation better than 20 dB is achieved. The proposed antenna can be used alone for 5G indoor base

station, or as the element of an array for 5G outdoor base station.

INDEX TERMS 5G, artificial magnetic conductor (AMC), dual-band antenna, dual polarization, low profile.

I. INTRODUCTION

Recently, there has been an increasing interest in the fifth

generation (5G) mobile communication, which offers faster

speeds and lower latency than ever before on smartphones

and other devices [1]. Since 2016, the band from 3.4–3.8 GHz

has been allocated for 5G trials in the European Union (EU).

In China, 3.3-3.6 GHz and 4.8-5.0 GHz bands have been allo-

cated as the sub-6 GHz frequency spectra for 5Gmobile com-

munication [2]. As one of the most important components

in a 5G communication system, antennas for 5G base sta-

tions have attracted much attention [3]–[11]. Dual-polarized

antennas are widely used in wireless communication systems

to increase the spectrum efficiency and channel capacity.

Moreover, dual-polarized antennas can not only reduce the

multipath fading and installation space, but also overcome the
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issue of polarization mismatch between the transmitter and

the receiver. Base station antennas should have the following

characteristics: broadband/multiband bandwidth, dual polar-

izations, high isolation, low profile, high gain, stable radiation

pattern and high front-to-back ratio, etc. However, there is

usually a trade-off between the radiation performance and the

dimensions of the antenna.

In order to realize unidirectional radiation with high gain,

a base station antenna is usually backed with a perfect

electric conductor (PEC) reflector [12]–[16]. However, if the

antenna was positioned close to the PEC reflector, the mirror

currents flowing in the opposite direction would cancel the

radiation of the currents on the antenna, and consequently

the radiation performance would severely deteriorate. Thus,

a sufficient gap between the antenna and the PEC reflector

is usually required, which is about 1/4 λ0 (where λ0 is the

free-space wavelength at the central working frequency).

To enhance the performance of the antenna while maintaining
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a low profile, an artificial magnetic conductor (AMC) reflec-

tor or a metasurface reflector has been introduced in the

antenna design [17]–[27]. A low-profile dual-band dual-

polarized antenna with AMC surface for wireless local area

network (WLAN) applications was presented in [18], and

an AMC operating with 90◦ reflection-phase bandwidth of

1.64–2.88 GHz was designed in [21]. However, the anten-

nas with complex feeding structure in [18] and [21] are of

three-layer structures, and are challenging to manufacture.

In [22], a low-profile dual-polarized antenna MIMO array

was presented, and the MIMO array was backed by a

single-layer AMC structure with circle metallic unit cells,

allowing the antenna to yield a low profile of 0.067λ0.

However, the antenna has only one single working band from

2.4 to 3 GHz. In [24] and [25], a metasurface reflector was

utilized to enhance the bandwidth and gain of the single-band

wideband circularly-polarized antenna while maintaining

a low profile. In [26], a low-profile dual-band dual-mode

and dual-polarized antenna based on AMC was presented.

Monopole-like omnidirectional linear polarization (LP) radi-

ation and patch-like unidirectional circularly polarized (CP)

radiation were achieved for two bands by loading an AMC

structure with a 90◦ reflection phase difference between

1.38 and 1.57 GHz. In [27], three compact planar antennas

enabled by interdigitated capacitor-loaded metasurfaces were

introduced. The first two LP antenna designs enhance the

gain and bandwidth by virtue of a metasurface with singly

and doubly loaded interdigitated capacitors, respectively.

Furthermore, a compact CP antenna was designed by placing

an anisotropic metasurface beneath an LP monopole feed

antenna.

In this paper we propose a low-profile dual-band dual-

polarized antenna with a dual-band AMC reflector for

sub-6 GHz 5G applications. The proposed antenna, with a

size of 0.93λ0 × 0.93λ0 × 0.13λ0 (where λ0 is the free-space

wavelength at 3.5 GHz), has a measured impedance band-

width of 19.8% (3.14-3.83 GHz) and 13.2% (4.40-5.02 GHz),

covering both 3.3-3.8 GHz and 4.8-5.0 GHz bands, which are

sub-6 GHz frequency spectra of 5G mobile communication.

A port isolation better than 20 dB is achieved. Meanwhile,

the peak gain of 7.1 dBi in the lower band and 8.2 dBi in the

upper band are also achieved. The proposed antenna (a single

antenna on a periodic AMC substrate) can be used alone for

5G indoor base station, or used as the element of an array for

5G outdoor base station.

II. ANTENNA CONFIGURATION AND WORKING

MECHANISM

A. CONFIGURATION OF THE PROPOSED ANTENNA

Fig. 1(a) and (b) show the configuration of the proposed dual-

band dual-polarized antenna. The antenna consists of a pair of

crossed dual-band bowtie dipoles (as the radiator), an AMC

reflector, two feeding coaxial cables and four supporting

posts. The crossed dipoles are suspended at a height H from

the top of the AMC. Four nylon posts are used to support the

radiator.

FIGURE 1. Configuration of the proposed antenna: (a) top view and
(b) side view. (c) Top view of the dipole radiator.

The geometry of the dipole radiator is shown in Fig. 1(c).

The radiator is printed on a 1.0 mm thick square FR-4 sub-

strate with a relative permittivity of 4.4 and a loss tangent of

0.02. It is composed of two perpendicularly crossed bowtie

dipoles for ±45◦ polarizations (as a dual-polarized radiator)

and two crossed T-shaped coupling feed lines. Port1 is con-

nected to +45◦ dipole to excite the +45◦ polarization and

Port2 is connected to −45◦ dipole to excite the −45◦ polar-

ization. The AMC reflector is geometrically symmetric, and

thus is insensitive to the polarization and could maintain

the polarization of the radiator. The dipoles are printed on

the bottom side of the substrate, and two T-shaped coupling

feed lines are printed on the top side of the same sub-

strate. To avoid physical overlap/touching of the two crossed

feed lines, the central section of the T-shaped feed line for
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−45◦ polarization dipole is printed on the bottom side of the

substrate. The sections on the top side are then connected to

the central section on the bottom side through two metallic

vias with a diameter of 1.0 mm. As shown in Fig. 1(b) and (c),

the coaxial cables pass through the AMC. The outer conduc-

tor of the coaxial cables is soldered to one arm of the dipole

at the bottom layer, and the inner conductor of the coaxial

cables is directly connected to the T-shaped feed line at the top

layer. The final dimensions of the proposed antenna are listed

in Table 1. The simulated results in this paper are calculated

with the commercial electromagnetic full-wave simulation

software ANSYS HFSS [28].

TABLE 1. Dimensions of the proposed antenna.

B. RADIATOR DESIGN

The evolutionary progression of the dual-band dipole radiator

element is shown in Fig. 2. All these antennas in Fig. 2 have

the same dimensions and the same substrate as the antenna

in Fig. 1(c). The reflection coefficients of the antennas

in Fig. 2 are shown in Fig. 3. A conventional bowtie antenna

(denoted as ‘‘A’’ in Fig. 2) is initially adopted, which only res-

onates around 3.2 GHz. Then by loading a U-shaped slot on

each arm of antenna A, an extra resonance occurs at 4.6 GHz,

as shown in Fig. 3, and the dual-band operation is achieved on

FIGURE 2. Evolutionary process of the radiating dipole element.

FIGURE 3. Reflection coefficients of the dipole elements.

antenna B. In order to reduce the upper resonant frequency,

a trapezoidal slot is loaded on each arm of antenna B (see

antenna C in Figure 2). Finally, an actual T-shaped feeding

structure is added to antenna C, and thus antenna D gives a

better reflection coefficient. As shown later that the second

resonance will shift to a higher frequency when the radiator

is brought close to an AMC. Thus, here we intentionally

designed the second resonant frequency to be lower than the

desired band 4.8-5.0 GHz.

C. AMC DESIGN

The geometry of the AMC unit cell is a square patch with four

rectangular slots and a square ring, as shown in Fig. 4(a). The

design of the AMC unit cell is inspired by [29]. The AMC is

printed on an F4BTME-1/2 substrate [30] with a thickness

of 3 mm, a relative permittivity of 4.4 and a loss tangent

of 0.003. The bottom surface of the substrate is the metal

ground. The simulated reflection phases of the dual-band

AMC and the single-band AMC (without ring and slots) are

shown in Fig. 4(b). The resonant frequency of the AMC cor-

responds to the reflection phase of 0◦. The single-band AMC

(without ring and slots) has only one resonant frequency

around 6.0 GHz. After loading four square slots, the single-

band AMC without ring gives a lower resonant frequency

of 5.2 GHz, which is better for miniaturization. In order to

achieve dual resonances, a square ring is added, and con-

sequently an additional lower band centered at a resonant

frequency of 3.6 GHz can be achieved by the final dual-band

AMC. Comparing the dual-band AMC with the single-band

AMC in Fig. 6, one can see that larger bandwidth of the AMC

leads to larger bandwidth of the dual-band antenna.

A geometrical optics model has been used to explain the

mechanism of the AMC reflector in [31]. The optimal param-

eters of the AMC depend on the antenna operating frequency

and the distance between the radiator and the reflector. The

desired reflection phase of the AMC can be determined by

2π f

c
2H − 8 = 2nπ, (n = 0, 1, 2, · · · ) (1)
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FIGURE 4. (a) Geometry of the AMC element and (b) simulated reflection
phases for AMCs with/without ring/ slots.

where 8, f , H and c represent the desired reflection phase

of the AMC, the operating frequency, the distance between

the radiator and the reflector, and the speed of light in vac-

uum, respectively. The desired reflection phase of the AMC

calculated by (1) in case of H = 7 mm is plotted in Fig. 4(b).

In this paper, the bandwidth of the AMC is defined as the

range where the absolute value of the difference between the

reflection phase of the AMC and the desired reflection phase

calculated by (1) is less than 90◦. Thus, the AMC bandwidth

is 2.9-3.7 GHz and 4.5-5.2 GHz, covering the sub-6 GHz

operating band of 5G in China.

Fig. 5(a) shows the simulated reflection phases of the

dual-band AMC with different values of La2. The increase

of La2 results in decrease of the lower-band resonant fre-

quency, while the upper-band resonant frequency remains

unchanged. As shown in Fig. 5(b)-(d), the upper-band reso-

nant frequency decreases as the increase of La3, La4, orWa2,

while the lower-band resonant frequency remains unchanged.

Therefore, the resonant frequency of the AMC can be easily

tuned by varying the values of La2, La3, La4 and Wa2.

According to (1), the reflection phases of theAMCat 3.5GHz

and 4.9 GHz can be calculated, and thus we can optimize

the design parameters (e.g. La2) of the AMC. The optimal

parameters of the AMC are also listed in Table 1.

FIGURE 5. Reflection phases of the dual-band AMC for different (a) La2,
(b) La3, (c) La4, and (d) Wa2.

D. ANALYSIS OF THE ANTENNA LOADED WITH AMC

REFLECTOR

Fig. 6 shows the simulated S11 of the proposed dipole radiator

with the PEC or the dual-band/single-band AMC reflector.

The single-band AMC (without rings and slots) is designed

to reach the desired reflection phase at 3.5 GHz. The dipole

radiator without the reflector and with a perfect electric

conductor (PEC) are also simulated for comparison. The

detailed dimensions and performance of these antennas are

shown in Table 2. The PEC reflector has the same size

and the same distance (H = 7 mm) to the dipole radiator

as the AMC reflector. Due to the symmetry of the antenna,

the characteristics of port1 and port2 are similar, so only S11
is provided in Fig. 6. Here we see the upper-band resonant

frequency of the antenna with the dual-band AMC reflector

has been shifted to a higher frequency, and the upper-band

FIGURE 6. Simulated S 11 of the antenna with AMC/PEC reflector and
without any reflector.
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TABLE 2. Comparison of the propoed antenna with single/dual-band
AMC reflector or without any reflector.

bandwidth increases slightly, as compared with the antenna

without the reflector. For comparison, when the single-band

AMC reflector is used, but the impedance of the radiator

can be maintained at the lower band, but the bandwidth of

the radiator at the upper band is reduced (the upper-band

resonant frequency is shifted slightly to a higher frequency).

The impedance bandwidth of the dipole radiator with a PEC

reflector degrades significantly, especially at the lower band,

since H = 7 mm is much less than a quarter-wavelength at

the lower band. The gain of the antenna with the AMC or

PEC reflector is improved significantly, as shown in Fig. 7.

In short, the AMC reflector enhanced the gain of the dipole

radiator when it is close to the radiator.

FIGURE 7. Simulated gains of the antenna with AMC/PEC reflector and
without any reflector.

The distance (H ) between the dipole radiator and the

AMC reflector has a significant impact on the S-parameters,

as shown in Fig. 8. When the value of H is too small (i.e.

H = 3mm), the bandwidth is too narrow to cover the 5G

frequency band. If the value of H is too large (i.e. H =

11mm), the antenna profile will increase. Here H = 7 mm

is selected, as a trade-off between the performance and the

dimension.

III. RESULTS AND DISCUSSION

The prototype of the proposed dual-band dual-polarized

antenna with the AMC reflector is fabricated, as shown

in Fig. 9. The simulated and measured S-parameters of the

proposed antenna are shown in Fig. 10. Due to the small

FIGURE 8. Simulated S11 of the proposed antenna with different H.

FIGURE 9. Fabricated prototype of the proposed antenna.

FIGURE 10. Simulated and measured S-parameters of the proposed
antenna.

difference between the two T-shaped feeding lines, the reflec-

tion coefficient for port 1 and port 2 are slightly different.

The measured impedance bandwidths for |S11| < −10 dB

are 3.14-3.83 GHz and 4.40-5.02 GHz, covering the 5G

frequency bands in China (3.3-3.6 GHz and 4.8-5.0 GHz).

Since the radiator and AMC have their own resonant fre-

quencies and the nearby AMC will influence the radiator fre-

quency, it is hard to make a design with a perfect impedance

24076 VOLUME 8, 2020



Q. Liu et al.: Low-Profile Dual-Band Dual-Polarized Antenna With an AMC Reflector for 5G Communications

match. Thus, the radiator needs to be optimized, after the

radiator and the AMC reflector are separately designed at the

operating bands. In fact, the length of the coaxial cables used

in the fabricated prototype is much larger than that in the sim-

ulation, and the losses in the cablesmay result in less reflected

energy. Thus, the simulated reflection coefficient is even

larger than the measured one at the upper band. Themeasured

and simulated port isolations are in good agreement with each

other. The isolation between two ports is better than 20 dB in

the 5G operating band. The measured and simulated second

resonant frequencies have some shift in Fig. 10 because the

actual relative permittivity of the substrate may be larger than

the value (i.e. ǫr = 4.4) provided by the vendor. To verify our

conjecture, the simulated S11 for the proposed antenna with

a substrate ǫr = 5.0 is also calculated and shown in Fig. 11,

from which we see that the simulated S11 curve agrees much

better with the measured S11 when the relative permittivity of

the substrate is assumed to be 5.0.

FIGURE 11. Measured and simulated S11 of the proposed antenna
(H = 7 mm) with different permittivity of the radiator substrate.

Fig. 12 shows the measured and simulated normalized

radiation patterns of the proposed antenna at 3.5 GHz and

4.9 GHz. Due to the symmetry of the antenna, only radiation

FIGURE 12. Simulated and measured normalized radiation patterns of
the proposed antenna. (a) E-plane at 3.5GHz. (b) H-plane at 3.5GHz.
(c) E-plane at 4.9GHz. (d) H-plane at 4.9GHz.

patterns with port 1 excited are presented. During the test,

port1 of the proposed antenna is connected to the test cable

and port2 is connected to a matched load. It is observed that

themeasured and simulated co-polarization radiation patterns

agree well with each other at 3.5 GHz and 4.9 GHz. The dis-

crepancy in the cross-polarization patterns is mainly caused

by the limited accuracy in low level measurement and the

errors in fabrication and assembly. The simulated radiation

efficiency, the measured and simulated realized gains are

shown in Fig. 13, where one sees that the radiation efficiency

is better than 90% over the 5G operating bands. Themeasured

realized gain can reach nearly 7.1 dBi and 8.2 dBi at the lower

and upper operating bands, respectively. Since the actual

permittivity of the substrate used in the fabrication is larger

than the value (i.e. ǫr = 4.4) provided by the vendor and

used in the simulation, there is a frequency shift in the upper

band between the measured and simulated gains (in case

of ǫr = 4.4). To further verify that the actual permittivity

deviates from the design value (i.e. ǫr = 4.4), the simulated

gain of the proposed antenna with a substrate ǫr = 5.0 is also

calculated and plotted as the red dotted curve in Fig. 13. It can

be seen fromFig. 13 that the simulated gain is more consistent

with the measured gain when the relative permittivity of the

substrate is assumed to be ǫr = 5.0. The resonant frequency

shift results in the sharp decrease of the measured gain in the

upper band of 5G. However, the simulated gain (in case of

ǫr = 4.4) is nearly flat in the upper band (4.8 GHz - 5 GHz),

and it can still show the validity of the antenna design.

FIGURE 13. Simulated radiation efficiency, simulated and measured
realized gain of the proposed antenna.

To verify that the proposed antenna is suitable for use as

the antenna element in an array, a 1 × 4 array consisting of

four elements of the proposed antenna is simulated, as shown

in Fig. 14. The geometry of the array is depicted in Fig. 14(a).

The element of the array has the same size as the proposed

antenna. Fig. 14(b) shows the simulated S-parameters of the

array. Due to the symmetry of the array, only the S-parameters

related to the first two elements of the array are given. The

simulated impedance bandwidths of |S11| < −10 dB are

3.3-3.8 GHz and 4.6-5.1 GHz, covering the sub-6 GHz
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TABLE 3. Comparison of the proposed antenna with some existing works.

FIGURE 14. (a) Top view of the 1 × 4 array. (b) Simulated S-parameters of
the array. (c) Simulated gain of the array.

frequency spectra of 5G mobile communications in China.

The isolations are better than 20 dB over the operating bands.

The gain of the array is simulated when all ports for +45◦

polarization are excited with equal amplitude and phase, and

all ports for -45◦ polarization are connected to the matched

load. Fig. 14(c) shows that the gains of the array are 14.3 dBi

at 3.5 GHz and 12.8 dBi at 4.9 GHz. From the above simulat-

ing results, one sees that the proposed antenna is suitable for

use in 5G base station array.

The proposed low-profile dual-band dual-polarized

antenna with high gain can meet the requirement of 5G com-

munication for sub-6 GHz bands in China. The performances

of the proposed antenna are compared with some previously

published antennas of similar kind in Table 3. The height of

the proposed antenna is only 0.13λ0, which is lower than that

in [5], [12], [13], [21], [24] and [25]. The total bandwidth of

the proposed antenna is also larger than those in [5], [18],

[22], and [24]. Moreover, the gain of the proposed antenna

is etter than those in [18], [21]–[25]. The dual-band charac-

teristic of the proposed antenna is beneficial to cover the 5G

operating bands and to avoid the out-band interferences.

IV. CONCLUSION

A low-profile dual-band dual-polarized antenna has been

designed, optimized, fabricated and measured. A dual-band

AMC reflector has been used to replace the conventional

PEC reflector to enhance the gain of the dual-band 5G base

station antennawhilemaintaining a low profile. The proposed

antenna, with a size of 0.93λ0×0.93λ0×0.13λ0 (where λ0 is

the free-space wavelength at central frequency 3.5 GHz of the

lower working band), has the advantages of low profile and

good impedance matching. It has an impedance bandwidth

of 19.8% (3.14-3.83 GHz) and 13.2% (4.40-5.02 GHz) for

|S11| < −10 dB, covering the sub-6 GHz spectra of 5G

mobile communications in China. The port isolation of the

antenna is better than 20 dB within the 5G operating band.

The measured realized gain can reach nearly 7.1 dBi and

8.2 dBi at the lower and upper operating bands, respectively.

Therefore, the proposed antenna can be used alone for 5G

indoor base station, or as the element of an array for 5G

outdoor base station.
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