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Abstract—A dual-polarization broadband metasurface antenna
is presented in this paper. After stacked patches with 3 × 3
metasurfaces and an orthogonal aperture-coupling structure as
well as air cavity structure are loaded, two patch modes and a
slot mode are introduced and a broadband effect is obtained.
Simulation results indicate that the proposed dual-polarization
antenna achieves a relative bandwidth of over 55% in both
polarization directions and maintains a small size and low profile.
The average gain is 6.6 dBi across the entire operating frequency
range.

Index Terms—5G millimeter wave, metasurface, dual polariza-
tion, wideband.

I. INTRODUCTION

In the modern communication system, the pursuit of high-
speed transmission and large data capacity has spurred the
rapid development of 5G millimeter-wave communication
technology. Sub-6GHz 5G technology provided both higher
speed data transmission and greater communication capacity.
Millimeter-wave communication, as a pivotal component of
5G communication, offers heightened spectrum utilization
and transmission rates. However, it also confronts limitations
such as short propagation distances and weaker penetration
capabilities. To surmount these challenges, researchers are
dedicated to advancing antenna technology to support stable
and reliable millimeter-wave communication.

In recent years, the 5G millimeter-wave frequency band-
s, including 24.25-27.5 GHz and 37.5-43 GHz, have been
preliminarily earmarked as the primary frequency bands for
Chinese 5G communication. Against this backdrop, dual-
frequency antennas and broadband antennas, due to their
small footprint, cost-effectiveness, and high integration, have
emerged as notably scrutinized options.

A variety of dual-band and wideband antennas such as mag-
netoelectric dipole antenna [1], dielectric resonator antenna
[2], multi-size patch antenna [3] and slot antenna [4] and so
on have been proposed for millimeter wave communication.
Recently, the metasurface antenna has attracted significant
attention from researchers due to its unique advantages in
expanding bandwidth and improving gain. As a radiator, a
metasurface exhibits both a stable surface wave and a flex-
ible ability to manipulate electromagnetic waves. In recent

years, many works of metasurface millimeter wave antennas
have been reported [5-7]. Utilizing metasurface structures to
generate multiple modes for designing broadband or multi-
frequency antennas is a commonly employed method. In [8],
the diagonal, edge, and center patches of the 3×3 metasurface
are modified to generate three resonant modes, achieving the
objective of designing a dual-wideband antenna. In [9-10], the
authors employ a combination of metasurface mode and slot
mode to design a wideband antenna. However, for metasurface
antennas, it is still a challenge for antenna designers to design a
dual-polarization wideband millimeter wave antenna due to the
limitations of the feeding structure of metasurface antennas.

In this paper, a dual-polarized wideband metasurface an-
tenna fed by slot-coupling feeding technique is presented.
The double-layer patch structure composed of a metasurface
and a driven patch brings three resonance modes for the
proposed antenna with broadband effect. Section II introduces
the antenna design. Simulation results and discussion of the
proposed antenna are presented in Section III. Section IV is
the conclusion.

II. ANTENNA DESIGN

A. Antenna structure

The three-dimensional model and layer configuration of the
proposed antenna are shown in Fig. 1. The antenna consists
of three layers of substrates: the first layer (Substrate 1) uses
Rogers RT5880 with a relative dielectric constant of 2.2 and
a loss tangent of 0.0009, and the second layer (Substrate 2)
and the third layer (Substrate 3) apply FR4 with a relative
dielectric constant of 4.4 and a loss tangent of 0.02. FR4 is
an economical and practical material with a high dielectric
constant. Substrate 3 is made by pressing two layers of FR4
plates of different thicknesses. This proposed antenna adopts
the multilayer PCB manufacturing process, and the aperture-
coupling feeding structure adopts an FR4 plate to reduce the
cost and antenna size.

The metasurface and driven patch are printed on the upper
and lower layers of Substrate 1, respectively. Compared to
single-layer metasurface, stacked patches loaded with meta-
surface have a smaller size and greater design freedom. The
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(a) 3D view of proposed antenna.

(b) Side view of proposed antenna.

Fig. 1: Structures of proposed antenna.

metasurface is composed of a 3 × 3 patch array, where
each diagonal patch is divided into four smaller triangles to
enhance impedance matching and improve antenna gain. The
four corners of the driven patch are chamfered to get better
impedance match. The center position of Substrate 2 is cut
into an air cavity to reduce the high loss tangent of the FR4
board and widen the antenna bandwidth. The feeding structure
of the antenna adopts asymmetric feeding scheme, where two
orthogonal H-shaped slots are etched on the ground and two
Y-shaped feeders are printed on different planes. The size of a
single antenna is 0.55λ0 × 0.55λ0 × 0.16λ0, which has the
advantage of low profile. The optimized parameters of the
proposed antenna are shown in Table I.

TABLE I: Geometric Parameters (unit:mm)

Parameters L L1 L′
1 L2 L3 L4

value 5 1.86 3.1 0.88 1.25 4
Parameters L5 L6 L7 L8 L9 L10

value 1.8 2 0.6 0.4 2.4 1.5
Parameters L11 L12 L13 L14 W1 W2

value 0.98 1.22 0.68 0.58 0.05 0.1
Parameters W3 W4 W5 H1 H2 H3

value 0.15 0.12 0.12 0.787 0.4 0.2
Parameters H4 g

value 0.1 0.14

B. Design Steps of the proposed antenna

In order to explain the working principle of the proposed
antenna, three reference antennas are introduced. All three

(a) Ant 1. (b) Ant 2. (c) Ant 3. (d) Proposed.

Fig. 2: Evolutionary design steps of the proposed antenna.

(a) |S11| of reference antennas and proposed antenna.

(b) Peak gain of reference antennas and proposed antenna.

Fig. 3: Simulation results of reference antennas and proposed antenna.

reference antennas and proposed antenna as shown in Fig.
2 (a)-(d) utilize the same aperture-coupled feeding structure.
Thus, for the convenience of viewing, only the modified
antenna structures are shown.

Figure 3 illustrates the |S11| parameters and gain curves of
the proposed antenna and the reference antennas. Reference
Ant 1, depicted in Fig. 2 (a), features a simple dual-layer patch
structure loaded with a 3 × 3 metasurface. As seen in Fig. 3
(b), due to the high-loss characteristics of FR4, Ant 1 exhibits
lower gain and poor matching bandwidth. On the basis of Ant
1, an air cavity is introduced at the center of Substrate 2 to
design reference Ant 2. The introduced air cavity effectively
reduces the loss tangent of FR4, resulting in a substantial gain
enhancement and improved impedance matching. Reference
Ant 3 employs chamfered corners on the driven patch, shifting
the third resonance point to a higher frequency, thus broad-
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ening the impedance bandwidth. In comparison to reference
Ant 3, the proposed antenna further cuts each diagonal patch of
the metasurface into four smaller triangles, shifting the second
resonance point to a higher frequency, and overall elevating
the antenna gain.

C. Parameter studies of the proposed antenna

As shown in Fig. 4, the proposed antenna has three resonant
points at 26 GHz, 35 GHz, and 42 GHz, which represent three
resonant modes of the antenna, respectively. Next, parameter
sweeps were conducted for the length of metasurface, driven
patch and feeding slot to analyze the influence of these three
parameters on the antenna resonant points. Figure 4 shows how
the |S11|-parameters of the antenna are changed when some
sizes are modified. When the size of the 3× 3 metasurface is
altered, the position of the second resonant point is changed,
while the position of the other two resonant points remains
unchanged, which indicates that the metasurface mainly deter-
mines the position of the second resonant point of the antenna.
When modifying the size of the driven patch, only the position
of the third resonant point of the antenna has been changed
significantly. Therefore, the third resonant point of the antenna
is mainly determined by the driven patch. The position of the
first resonant point is mainly determined by the length of the
slot of the aperture-coupled feeding structure, which indicates
that this is a slot mode brought by the feeding structure. By
modifying these three sizes of the proposed antenna, the three
resonance points of the proposed antenna can be independently
adjusted.

In combination with the above discussion, it can be conclud-
ed that the stacked patch structure of the proposed metasurface
antenna brings two modes at 35 GHz and 42 GHz, while the
feeding structure brings a slot mode at 26 GHz. Figure 5 shows
the current distribution of the proposed antenna at 26 GHz, 35
GHz, and 42 GHz. As shown in Fig. 5, the current of the slot
mode is mainly distributed at the edge of the driven patch
and metasurface. At 35 GHz, the metasurface antenna and the
drive patch current are in the same direction. However, at 42
GHz, the metasurface antenna and the driven patch current are
in the opposite direction.

III. SIMULATION RESULTS AND DISCUSSION

Figure 6 shows the S-parameter and gain of the pro-
posed antenna. The -10 dB impedance bandwidths of the
two polarizations are 24.69-44.26 GHz and 24.65-43.42 GHz,
respectively. This signifies that the antenna boasts a relative
bandwidth exceeding 55% for both polarizations, effectively
covering the entire range of 5G millimeter-wave communi-
cation frequencies from 25 GHz to 43 GHz. The aperture-
coupling feeding slots placed orthogonally result in a great
port isolation degree in the whole working band. The antenna
port isolation degree is greater than 25 dB.

In the frequency range of 25 GHz to 43 GHz, the proposed
antenna has a flat gain curve in the passband, achieving the
gains of 4.66 to 7.2 dBi, with an average gain of 6.6 dBi.
Figure 7 shows the pattern of the proposed antenna at 26 GHz,

(a) Effect of modifing the length(L3) of metasurface.

(b) Effect of modifing the length(L′
1) of driven patch.

(c) Effect of modifing the length(L6) of slot.

Fig. 4: S-parameter of different parameters.

Fig. 5: Current distribution at 26 GHz (slot mode),35 GHz and 42 GHz (patch
modes).

33 GHz, and 40 GHz. The cross-polarization isolation degree
of the main polarization direction antenna is greater than
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Fig. 6: S parameters and gain of proposed antenna.

(a) Radiation patterns at 26 GHz.

(b) Radiation patterns at 33 GHz.

(c) Radiation patterns at 40 GHz.

Fig. 7: Radiation patterns of proposed antenna.

20 dBi, indicating that the radiation pattern of the proposed
antenna has good directivity and stability. In addition, due to
the asymmetric feeding structure, the pattern of the proposed
antenna has some skews in the working frequency band. Thus,
it is necessary to design a suitable feeding network to reduce
the impact of antenna elements during array formation.

IV. CONCLUSION

A dual-polarized wideband metasurface antenna is pro-
posed. By using metasurface and the design method of
aperture-coupling feeding structure and cavity, the relative

TABLE II: Comparison between the proposed design and other exsiting
works.)

Ref.
BW

(LB/HB)
(%)

Gain
(dBi) Ant. size Pol.

[1] 19.9/20.2 6.1/8.7 0.69 × 0.69 × 0.17
Single
linear

[2] 42 6.1 0.43 × 0.43 × 0.33
Dual
linear

[3] 29.15 6.3/8.9 0.7 × 0.7 × 0.15
Dual
linear

[8] 20.7/11.3 7.2/10.9 0.9 × 0.9 × 0.202
Dual
linear

[11] 23.9 4.5 0.35 × 0.49 × 0.21
Dual
linear

[12] 43.1 6.12 0.348 × 0.348 × 0.07
Dual
linear

Proposed 55 7.2 0.55 × 0.55 × 0.16
Dual
linear

Ref.: Reference; BW: Bandwidth; Ant.: Antenna; Pol.: Polarization.

bandwidth of the two polarizations of the proposed antenna
exceeds 55%, which can cover most of the frequency bands
of 24.25 - 27.5 GHz and 37.5 - 43 GHz. The antenna
has an average gain of 6.6 dBi and a stable radiation pat-
tern in the operating frequency band. The antenna size is
0.55λ0 × 0.55λ0 × 0.16λ0, and has the advantages of low
profile and small size. In addition, the base material part
of the antenna selected an affordable FR4 plate, effectively
reducing the overall cost of the antenna. In conclusion, the
proposed antenna is an ideal candidate for 5G millimeter wave
broadband base station antenna.
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