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Abstract—In order to meet the needs of 5G millimeter wave
communication, this paper proposes a broadband dual-polarized
antenna applied in 5G millimeter wave frequency band. The
antenna adopts double-layer patch structure, and the upper patch
uses 2× 2 metasurface to realize broadband effect, where CMA
theory is used to analysze this double-layer patch structure.
Proposed antenna is fed by a slot coupling feed structure. By
designing the coupling slot and adopting an air cavity structure,
the bandwidth of the antenna is widened. Simulation results show
that the -10 dB bandwidth of the antenna at the two ports is
26.25-40.83 GHz and 25.91-41.05 GHz, respectively. Within the
working bandwidth, a good port isolation of greater than 21 dB
is achieved, and the antenna gain is between 4.9 dBi and 6.7 dBi.
The antenna has the advantage of low profile with the size of
0.56λ0 × 0.56λ0 × 0.13λ0.

Index Terms—5G millimeter wave, characteristic mode analy-
sis (CMA), dual polarization, wideband, metasurface.

I. INTRODUCTION

In recent years, the use of characteristic mode analysis
(CMA) to guide antenna design has gradually become a hot
spot in the field of antenna research. In order to meet the
performance requirements of the antenna, designers can use
methods like adding parasitic patches [1], etching slot [2] or
modifing the patch shape. However, most of these methods
are based on experience and lack of theoretical guidance.
The characteristic mode theory can well explain the physical
radiation characteristics of the antenna and provide theoretical
guidance for antenna design.

The development of 5G millimeter wave communication has
greatly alleviated the shortage of frequency band resources.
The academic community has put forward some achievements
in designing 5G millimeter wave antennas using characteristic
mode analysis (CMA). In [3], by adding air cavity, the authors
have reduced the effective permittivity to realize broadband
and high gain. In another work, the authors have designed
broadband antenna by using patches of different sizes to excite
characteristic modes of different frequencies [4]. In [5], the
authors have adopted a double-layer metasurface structure to
achieve small size and broadband.

In this paper, a millimeter-wave dual-polarized broadband

antenna with double-layer patch structure is proposed. The loss
tangent of the medium is reduced by adopting the air cavity
structure. In addition, the 2×2 metasurface structure is used as
parasitic patch, which introduces additional resonance points
for the antenna, thus broadening the bandwidth of the antenna.

(a)

(b) (c)

Fig. 1: Structures of proposed antenna. (Optimized design parameters: L1 =
5, L2 = 4, L3 = 1.5, L4 = 2.4, L5 = 0.8, L6 = 2.52, L7 = 1.236,
L8 = 2.4, L9 = 0.7, W1 = 0.2, W2 = 0.44, W3 = 0.1, W4 = 0.25,
W5 = 0.1 H1 = 0.508, H2 = 0.4, H3 = 0.2, H4 = 0.05; unit: mm)

II. ANTENNA DESIGN

A. Configuration of proposed antenna

The proposed antenna structure is shown in Fig. 1, proposed
antenna is consisted of three substrate, substrate 1 is made of
Roogers RO4003 (εr = 3.55 and tan δ = 0.0027), its upper and
lower surfaces are respectively printed with metasurface and
main patch. FR4 (εr = 4.4 and tan δ = 0.02) is applied to the
other two substrates. In order to resist the high loss tangent
of FR4 plate, the center of substrate 2 is cut to form an air

641978-1-6654-4228-2/23/$31.00 ©2023 IEEE APS 2023

20
23

 IE
EE

 In
te

rn
at

io
na

l S
ym

po
siu

m
 o

n 
An

te
nn

as
 a

nd
 P

ro
pa

ga
tio

n 
an

d 
U

SN
C-

U
RS

I R
ad

io
 S

ci
en

ce
 M

ee
tin

g 
(U

SN
C-

U
RS

I) 
| 

97
8-

1-
66

54
-4

22
8-

2/
23

/$
31

.0
0 

©
20

23
 IE

EE
 |

 D
O

I: 
10

.1
10

9/
U

SN
C-

U
RS

I5
21

51
.2

02
3.

10
23

81
83

Authorized licensed use limited to: SHENZHEN UNIVERSITY. Downloaded on September 23,2023 at 16:10:56 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 2: Modal significance of modes.

cavity, which can widen antenna bandwidth. Substrate 3 is
composed of two layers of FR4 plates of 0.2mm and 0.05mm,
the ground plate and slot of the antenna are printed on the
upper surface of the substrate 3. The slot is designed as a cross
with a narrow center to optimize the impedance matching of
the antenna. The Y-shaped feed lines of the antenna is printed
on the lower surface of the substrate 3. In order to avoid the
intersection of two Y-shaped feed lines, the second feed line
is connected by air bridge at the intersection part.

B. Characteristic mode analysis

CMA is used to analyze the passive double-layer patch
structure, the top eight models of model significance were
selected for analysis. The mode significance of the antenna
is shown in Fig. 2. As shown in the figure, the structure has
two pairs of degenerate modes at 30 GHz and 45 GHz, which
are modes 1 and 2, mode 5 and 6. In Fig. 3, it can be seen
that the upper and lower patches of mode 1 and mode 2 have
the same mode current direction respectively, while in modes
5 and 6, the mode current has opposite current directions in
the upper and lower patches, the slot coupling feed mode is
used to excite the two groups of merging modes. These four
modes all have radiation patterns with good directivity. The
current of other modes is a circular or radial mode current
distribution that is hard to excite.

III. SIMULATION RESULT AND DISCUSSION

The S-parameters and gain of proposed antenna are dis-
played in Fig. 4. The simulated -10 dB impedance bandwidth
of the two ports is 45.2% (25.91-41.05 GHz) and 43.5%
(26.25-40.83 GHz), respectively. In the whole operating fre-
quency band, the proposed antenna has a good port isolation
of the antenna, which is lower than -21 dB, and the antenna
gain is between 4.9 dB and 6.7 dB. Fig. 5 shows the radiation
pattern of the antenna at 28 GHz and 38 GHz, the radiation
pattern of the antenna is basically symmetrical and has good
directivity. The larger rear lobe is due to the feed line loaded
at the bottom of the antenna.

IV. CONCLUSION

In this paper, a dual-polarized broadband metasurface an-
tenna for 5G millimeter wave communication is proposed. The
broadband effect is achieved through a double-layer structure
composed of a single patch and metarsurface. By designing the
coupled feed structure and the introduction of an air cavity to
counteract the high loss tangent of the medium, the bandwidth

Fig. 3: Characteristic current distribution and radiation patterns.

Fig. 4: S parameters and gain of proposed antenna.

(a) 28 GHz V-pol (b) 28 GHz H-pol

(c) 38 GHz V-pol (d) 38 GHz H-pol

Fig. 5: Radiation pattern of proposed antenna.

of the antenna is widened. Finally, the relative bandwidth of
both ports has reached more than 43%. Thus, this antenna is
a suitable candidate for 5G millimeter wave communication.
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