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Abstract—A broadband and low-profile antenna operating at
5G millimeter wave band with ring structure and shorting pins is
presented. The antenna has impedance bandwidth of 23.35-28.92
GHz (21.4% for 26 GHz) and it can cover the 5G millimeter wave
band (24.25-27.5 GHz). The antenna also can achieve a gain of
better than 6.75 dBi, and the maximum gain reaches 9.4 dBi.
The height of the antenna is only 0.09λ. The 1ˆ4 antenna array
with the isolation below -20 dB is designed based on the antenna
element. In the working band of 24.25-27.5 GHz, the realized
gain of the array is greater than 10.8 dBi, with a maximum gain
of 14.5 dBi.

Index Terms—5G, millimeter wave antenna, shorting pins,
broadband, low profile, array.

I. INTRODUCTION

Mobile communication technology has evolved rapidly in
the past several decades. Increasing of wireless communication
transmission rates, from 1G to 5G, has also generated greater
challenges for wireless service providers [1]. Recently, 5G
bands are divided into sub-6 GHz and millimeter wave bands.
Millimeter wave band has gotton much more attention because
of its ample wave band resources. At present, patch antenna is
the mainstream technology in millimeter wave antenna [2] [3].
A dual-polarization patch antenna operating at millimeter wave
band (24-29 GHz) is proposed in [3]. Loading the shorting pin
which is equivalent to adding a capacitor can not only adjust
the impedance of the antenna but also decrease the size of
the antenna [4] - [7]. In [5], the size of the antenna can be
decreased by using the technique of loading a shorting pin.
Compared with the E antenna which not use the shorting pin
loading, the proposed patch antenna can reduce the size by
60%. In [6], loading the shorting pins on the symmetrical dual-
loop antenna is used to strengthen the peak gain and adjust
the impedance of the antenna. By loading two magneto-electric
feeding structures and shorting pins, the impedance bandwidth
of the proposed antenna can be increased from 14.0% (VSWR
ď 2.5) to 46.8% (VSWR ď 1.5).

In this paper, a broadband and low-profile antenna loading
ring structure and shorting pins is presented. The antenna
achieves -10 dB impedance matching bandwidth of 23.35-
28.92 GHz (21.4% for 26 GHz). The antenna element also
has a gain of better than 6.75 dBi, while the highest gain of

proposed antenna is 9.4 dBi. Then on the basic of antenna
element, a 1ˆ4 antenna array with the isolation below -20
dB is proposed. In the working band of the array (23.5-28.5
GHz), the gain is greater than 10.8 dBi, with a highest gain
of 14.5 dBi.

(a)

(b)
Fig. 1. The structure of antenna element: (a) 3D view, (b) Top view.

II. ANTENNA ELEMENT DESIGN

Figure 1 displays the overall structure and design parameters
of the antenna. Rogers 5880 is used as a substrate material of
the antenna. A ring structure and shorting pins are added in this
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antenna design, which can increase the impedance bandwidth
of the antenna.
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Fig. 2. (a) Antennas with different patch structures, (b) |S11| of the antennas
with diverse structures.
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Fig. 3. |S11| of the antennas with and without shorting pins.

The ring structure can bring the two resonant points of
the antenna close together. A strong coupling will be formed
between the shorting pins and the feed pin, which is equivalent
to adding a capacitor. The antenna can obtain better impedance
bandwidth because of the addition of shorting pins. The
radiation element of the antenna is processed by fillet cutting
which can also enhance the impedance bandwidth of proposed
antenna.

Figure 2 displays the design changes of proposed antenna,
and shows the S parameters of antenna with different struc-
tures. We can see that Ant2 adds a ring structure on the basis of
Ant1, which can make the distance between the two resonant
points closer. Compared with Ant2, two small ring structures
are added to the proposed antenna, which also enhances
the impedance bandwidth of proposed antenna. Different S
parameters with and without shorting pins are given in Fig. 3.
The matching bandwidth of proposed antenna can be increased
by adding shorting pins from 10.3% to 21.4%.

Fig. 4. Realized gain of the antenna element.

0

30

60

90

120

150

180

210

240

270

300

330

-30

-20

-10

0

10

-30

-20

-10

0

10

Re
al

iz
ed

 G
ai

n 
(d

Bi
)

 24 GHz
 25 GHz
 26 GHz
 27 GHz
 28 GHz

E-Plane

(a)

0

30

60

90

120

150

180

210

240

270

300

330

-20

-10

0

10

-20

-10

0

10

Re
al

iz
ed

 G
ai

n 
(d

Bi
)

H-Plane

 24 GHz
 25 GHz
 26 GHz
 27 GHz
 28 GHz

(b)
Fig. 5. Radiation patterns of the antenna element: (a) E-plane, (b) H-plane.

The realized gain of proposed antenna in the operating band
is displayed in Fig. 4. We can see that the antenna can maintain
a realized gain of greater than 6.75 dBi with a maximum gain
of 9.4 dBi at 24.5 GHz. The simulated radiation patterns at
different frequency points of proposed antenna are shown in
Fig. 5.

III. ANTENNA ARRAY DESIGN

On the basic of antenna element, a 1ˆ4 antenna array is
proposed. The structure of antenna array is dispalyed in Fig. 6,
and the spacing of the antenna elements is 12 mm. According
to the S parameters shown in Fig. 7, the antenna array can
keep its isolation of below -20 dB while keeping its return
loss below -10 dB from 23.5 to 28.5 GHz.

The simulated radiation patterns of array at different fre-
quency points are displayed in Fig. 8. In Fig. 9, it can be
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seen that the realized gain is better than 10.8 dBi while the
maximum gain exceeds 14.5 dBi in the operating band of the
array (23.5-28.5 GHz).

Fig. 6. The structure of the antenna array.

(a)

 S21

 S31

 S41

 S32

 S42

 S43

(b)
Fig. 7. S Parameters of proposed antenna array: (a) |Sii|, (b) |Sij |.
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Fig. 8. Radiation patterns of proposed antenna array: (a) E-plane, (b) H-
plane.

IV. CONCLUSION

In this paper, a broadband low-profile patch antenna array
operating at millimeter wave band is proposed. The ring struc-
ture and four shorting pins are added to increase the impedance
matching bandwidth of the proposed antenna element. By
adjusting various parameters, the proposed antenna element
finally achieves -10 dB impedance matching bandwidth of
23.35-28.92 GHz (21.4% for 26 GHz). The antenna element
can achieve a gain of more than 6.75 dBi, and the maximum
gain of the antenna element is 9.4 dBi. Then the 1ˆ4 antenna
array is designed based on the antenna element. The proposed
antenna array can maintain the return loss under -10 dB from
23.5 to 28.5 GHz, while keeping the isolation below -20 dB.
In the working band of the array (23.5-28.5 GHz), the gain
is better than 10.8 dBi, while the highest gain is 14.5 dBi.

Fig. 9. Realized gain of the antenna array.

The proposed array can be suitable for 5G millimeter wave
applications.
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