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Abstract – A ±45◦ dual-polarization wideband antenna
for 5G base station application is proposed using cross
dipoles, bow-tie-like parasitic elements and baluns. The
antenna is modeled, simulated, and optimized for an
optimal size of 115 mm × 115 mm × 27.8 mm.
A −10dB bandwidth is obtained to cover 2.24GHz-
3.75GHz, which has a fractional bandwidth of 50.4%. In
the design, bent Γ-shaped microstrip lines are to achieve
higher isolation that is better than 25dB. The proposed
antenna is fabricated and measured to get a result that
it has a wide bandwidth, good directional radiation pat-
terns, and a high peak gain of 8.1±1.1dBi, making it suit-
able for 5G base station applications.

Index Terms – 5G application, ±45◦ dual-polarized
antenna, cross dipole antenna, wideband antenna.

I. INTRODUCTION
With the continuous improvement of communica-

tion technology, the requirements of BS antenna are
also significantly elevated. Especially, in the 5G era,
for the sake of achieving a higher data transmission
rate, the operation bandwidth of the BS antenna must
be improved [1]–[2]. For enhancing the operating band-
width of the BS antenna, pattern distortion, cross-
polarization deterioration, and decreasing the front-to-
back ratio (FBR) are always found in the previous
designs. Therefore, the wideband base station antenna
research is a hot topic for 5G applications [3]. For 5G
applications, a dual-polarized antenna is widely used
in BS antennas, which can provide diversity gain and
reduce the impact of the multipath effect on the sys-
tem [4]. Till now, dual-polarized antennas can be divided
into ±45◦ polarization or horizontal and vertical polar-
ization on the base of polarization direction. In addition,

the dual-polarized antenna can also be divided into cross
dipole type [5]–[6], microstrip type [7], and slot type
[8]. Among the three types of dual-polarized antennas,
the cross dipole has been studied widely because of its
high port isolation and directional radiation characteris-
tics [9]-[11].

In the past decades, many dual-polarized BS anten-
nas have been proposed [12]-[14]. A miniaturized cross
dipole antenna is proposed in [15]. The antenna is
installed in a dielectric resonant cavity to get an FBR
of 22dB in the operating frequency band, with a band-
width of 3.2GHz-3.7GHz. In [16], a broadband cross
dipole antenna is proposed to get a −15dB impedance
bandwidth range from 1.7GHz to 2.7GHz, and the frac-
tional bandwidth reaches 48%. But the isolation of the
dual-polarized port of the antenna is only 22dB. A folded
dipole antenna with a metal reflector is proposed in
the literature [17]. The antenna increases the resonance
points and greatly improves the antenna impedance
bandwidth by bending the dipole and adding via, which
might deteriorate the radiating. In [18], a broadband and
high isolation dual-polarized antenna is presented. Com-
pared with the traditional dual-polarized antenna, the
antenna employs a resonance ring and a square plate to
expand bandwidth and improve directionality. However,
its height is increased.

In this work, a wideband dual-polarized antenna
consisting of a pair of T-shaped dipoles, bow-tie-like par-
asitic elements, microstrip baluns, and a box-like reflec-
tor is proposed, analyzed, fabricated, and measured.
The cross dipoles are used as the main radiator, and
the bow-tie-like parasitic elements are surrounded the
cross dipoles to expand the bandwidth of the proposed
antenna. The orthogonal microstrip baluns not only feed
the upper radiator patches through coupling but also
support the entire structure of the antenna, making the
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antenna easier to assemble and more stable. Also, Γ-
shaped microstrip lines are used to enhance the isolation
of the antenna. In the operating frequency band, the gain
is 8.1±1.1dBi, and the −3dB beam width is 63◦±5◦. In
addition, due to the existence of a box-like metal reflec-
tor, the FBR of the antenna is higher than 17dB. Thus,
the wideband BS antenna is suitable for 5G BS applica-
tion.

II. ANTENNA DESIGN AND ANALYSIS
A. Antenna design

Figure 1 shows the configuration of the proposed
dual-polarized antenna that is composed of cross dipoles,
bow-tie-like parasitic elements, baluns, and a box-like
metal reflector. A pair of balun is placed orthogonally
to feed the radiation structure and support the antenna.
All the baluns, dipoles, and parasitic elements are created
on FR4 with relative permittivity = 4.4 and loss tangent
=0.02, whose thickness is 0.8 mm thick as the FR4. The
box-like reflector is welded by a 115 mm×115 mm cop-
per base plate and four 115 mm× 16 mm copper coam-
ings. The thickness of all copper plates is 0.8 mm. The
box-like metal reflector enables the cross dipole antenna
to radiate directionally in the +Z axis direction.

microstrip line through a circular hole, and the outer 

conductor will be connected with the box-like reflector. Four 

rectangular slots are used to fix the antenna. 

 

Fig. 1. Configuration of proposed antenna 

 

Fig. 2. (a) Configuration of the radiation structure (b) 

Configuration of the reflector base plate 

 

Fig. 3. Configuration of the baluns, (a) balun A and (b) balun B  

Figs. 3 (a) and (b) present the feeding baluns for 
implementing the dual polarization. The Γ-shaped microstrip 

lines are printed on one side of FR4, while two thin 
rectangular copper sheets are printed on the other side of the 
FR4. Two complementary slots are etched in the middle of 
the balun sheets to provide a convenient installation for the 
constructed antenna. In addition, four corners of the FR4 of 
baluns have bumps which are connected with the rectangular 
slots on the FR4 of radiating layer and a box-like metal 
reflector to give stable support for the constructed antenna.  

The antenna is created in the HFSS, and it is optimized 
to achieve a good performance. The details of the geometric 
dimensions of the proposed antenna are shown in Table 1. 
The overall size of the antenna is 115 mm×115 mm× 27.8 
mm. 

Table 1. Optimized parameters for the geometric parameters 

of the antenna 

Parameters H W G R S W1 W2 

Value(mm) 16 100 115 1.84 24 3 1.5 

Parameters W3 W4 L1 L2 L3 D1 D2 

Value(mm) 2 16 18 15 5 6 34 

Parameters D3 WS LS Wa1 Wa2 Wa3 Wa4 

Value(mm) 8 52 26 1.5 0.8 0.5 0.7 

Parameters Wb1 Wb2 Wb3 Wb4 La1 La2 La3 

Value(mm) 1.5 1 0.5 0.7 2 11.5 5.5 

Parameters La4 La5 La6 La7 Lb1 Lb2 Lb3 

Value(mm) 2 5 3.7 11 2 11.5 5.5 

Parameters Lb4 Lb5 Lb6 Lb7    

Value(mm) 2 5 3.7 11    

B. Antenna analysis 

To better illustrate the implementation principle of the 

wideband BS antenna, the radiation structure design 

procedure of the antenna is presented in Fig. 4. ANTA_1 only 

consists of four T-shaped patches to form a pair of cross 

dipoles to achieve ±45° polarization. Then, rectangle 

parasitic elements are used to form ANTA_2. At last, the 

rectangle parasitic elements are modeled to be bow-tie-like 

parasitic elements for the proposed antenna with a name of 

ANTA_3.  

 

 

Fig. 4. Evolution of the antenna radiation structure 

Then, the principle of the antenna is discussed based on 

the current distribution in Fig. 5 and Fig.6. We can see that 

ANTA_1 has a resonance point at approximately 3.5GHz 

owing to the current distributions on the T-shaped dipoles. 

When we use the rectangle parasitic elements for ANTA_2, 

the current path are expanded to the parasitic elements, and 

hence the bandwidth of the antenna is increased. In the same 

method, bow-tie-like parasitic elements are adopted in 

ANTA_3 to enhance the bandwidth of the proposed antenna.  
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installation for the constructed antenna. In addition, four
corners of the FR4 of baluns have bumps which are con-
nected with the rectangular slots on the FR4 of radiating
layer and a box-like metal reflector to give stable support
for the constructed antenna.

The antenna is created in the HFSS, and it is opti-
mized to achieve a good performance. The details of
the geometric dimensions of the proposed antenna are
shown in Table 1. The overall size of the antenna is
115 mm×115 mm× 27.8 mm.
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Table 1: Optimized parameters for the geometric param-
eters of the antenna
Parameters H W G R S W1 W2
Value(mm) 16 100 115 1.84 24 3 1.5
Parameters W3 W4 L1 L2 L3 D1 D2
Value(mm) 2 16 18 15 5 6 34
Parameters D3 WS LS Wa1 Wa2 Wa3 Wa4
Value(mm) 8 52 26 1.5 0.8 0.5 0.7
Parameters Wb1 Wb2 Wb3 Wb4 La1 La2 La3
Value(mm) 1.5 1 0.5 0.7 2 11.5 5.5
Parameters La4 La5 La6 La7 Lb1 Lb2 Lb3
Value(mm) 2 5 3.7 11 2 11.5 5.5
Parameters Lb4 Lb5 Lb6 Lb7
Value(mm) 2 5 3.7 11

B. Antenna analysis
To better illustrate the implementation principle of

the wideband BS antenna, the radiation structure design
procedure of the antenna is presented in Fig. 4. ANTA 1
only consists of four T-shaped patches to form a pair of
cross dipoles to achieve ±45◦ polarization. Then, rectan-
gle parasitic elements are used to form ANTA 2. At last,
the rectangle parasitic elements are modeled to be bow-
tie-like parasitic elements for the proposed antenna with
a name of ANTA 3.
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Fig. 4. Evolution of the antenna radiation structure.

Then, the principle of the antenna is discussed based
on the current distribution in Fig. 5 and Fig. 6. We
can see that ANTA 1 has a resonance point at approx-
imately 3.5GHz owing to the current distributions on the
T-shaped dipoles. When we use the rectangle parasitic
elements for ANTA 2, the current path are expanded to
the parasitic elements, and hence the bandwidth of the
antenna is increased. In the same method, bow-tie-like
parasitic elements are adopted in ANTA 3 to enhance the
bandwidth of the proposed antenna.

On the basis of ANTA 2, ANTA 3 modifies the par-
asitic element to bow-tie-like shape. The S-parameter for
the antenna at different design procedures are shown in
Fig. 7. It is found that the ANTA 1 has only one res-
onant mode, and with a bandwidth of approximately
400MHz. For the ANTA 2, it has a new resonant mode
to expand the bandwidth to around 600MHz. Finally,
ANTA 3 employs bow-tie-like parasitic elements to
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Fig. 5. Surface current distribution, (a) 3.2GHz, ANTA_1, 
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Fig. 6. Surface current distribution in 3.5GHz, (a) The 

ANTA_2 with only port 1 excitation, (b) The ANTA_2 with 

only port 2 excitation, (c) The proposed antenna with only 

port 1 excitation, (d) The proposed antenna with only port 2 

excitation 
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Although the introduction of parasitic elements is 
beneficial to expand the operating bandwidth of the BS 
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coupling currents in the opposite direction with respect to the 
current of dipoles. There is no doubt that reverse coupling 
current will affect the radiation performance of the antenna 
and reduce the pattern stability. As for proposed antenna, it 
uses bow-tie-like parasitic elements to give stable current 
distribution presented in Figs. 6 (c) and (d).  
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further expand the bandwidth via providing another
new resonant mode at lower frequency. As a result, a
wider −10dB impedance bandwidth for the ANTA 3 is
achieved, which operates from 2.24Ghz to 3.75GHz with
a bandwidth of 1.51GHz.
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Although the introduction of parasitic elements is
beneficial to expand the operating bandwidth of the
BS antenna, it will affect the radiation performance. In
Figs. 6 (a) and (b), ANTA 2 with rectangular parasitic
elements maintains the current distribution in the same
direction as the T-shaped dipoles, while the other two
parasitic elements have coupling currents in the oppo-
site direction with respect to the current of dipoles. There
is no doubt that reverse coupling current will affect the
radiation performance of the antenna and reduce the pat-
tern stability. As for proposed antenna, it uses bow-tie-
like parasitic elements to give stable current distribution
presented in Figs. 6 (c) and (d).

III. RESULT AND DISCUSSION
A. Antenna numerical simulation

For the sake of obtaining larger antenna bandwidth,
it is necessary to analyze quantitatively the antenna
parameters. Since the balun is the key element to real-
izing impedance matching, the balun parameters are
mainly analyzed quantitatively.

L1 is a parameter that determines the length of the
T-shaped dipole. The S-parameters of the antenna with
different L1 are shown in Fig. 8. When L1 increases, the
lowest frequency moves to the lower frequency, getting a
larger bandwidth, and vice visa. The distance between T-
shaped dipole and bow-tie parasitic element also affects
the impedance matching of the antenna, which is demon-
strated in Fig. 9 with varying D2. When D2 increases,
the impedance bandwidth will be expanded slightly. The
effect for different LS is presented and shown in Fig. 10,
where we can see that the antenna has the best bandwidth
for LS = 26 mm.
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Fig. 5. Surface current distribution, (a) 3.2GHz, ANTA_1, 

(b) 3.5GHz, ANTA_1 

 

Fig. 6. Surface current distribution in 3.5GHz, (a) The 

ANTA_2 with only port 1 excitation, (b) The ANTA_2 with 

only port 2 excitation, (c) The proposed antenna with only 

port 1 excitation, (d) The proposed antenna with only port 2 

excitation 
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frequency. As a result, a wider -10dB impedance bandwidth 
for the ANTA_3 is achieved, which operates from 2.24Ghz 
to 3.75GHz with a bandwidth of 1.51GHz. 
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B. Performance for the fabricated antenna 

To verify the simulation results of the antenna, a 
prototype of the proposed antenna is manufactured and 
tested. Fig. 11 shows and sets up the prototype antenna. The 
S-parameters of the prototype antenna are tested using the 
vector network analyzer-Agilent N5244A and compared with 
the simulation results in Fig. 13. The -10dB impedance 
bandwidth of simulation and measurement has a little 
difference that is caused by fabrications. In addition, within 
the operating bandwidth, the simulated isolation and 
measured isolation between the two ports is better than 25dB. 

 

Fig. 10. Simulated S-parameters of the proposed antenna with 

different LS 

Fig. 13 shows the simulated and measured peak gain and 

the radiation efficiency of the proposed antenna. In the 

operating frequency band, the simulated peak gain range is 

8.1±1.1dBi and the 3dB beam-width of the antenna is 63°±5°. 

The measured peak gain is slightly lower than the simulation 

result, which is caused by the insertion loss caused by the 

fabrication of the prototype antenna. On the other hand, it can 

be seen in Fig.13 that the radiation efficiency of the antenna 

in the operating bandwidth is higher than 90%. In Fig. 14, 

only the radiation patterns of port 1 at 2.4GHz, 3.0GHz, and 

3.6GHz are given, since the antenna is symmetry between 

port 1 and port 2. It can be seen that the radiation patterns of 

the antenna have a high coincidence between the simulated 

result and the measured result. In addition, the cross-

polarization discrimination (XPD) of the designed BS 

antenna is over 30 dB in the boresight direction. The achieved 

front-to-back-ratio (FBR) is better than 17dB, meaning that 

the back radiation of the proposed antenna is suppressed well. 

 

Fig 11. Photograph of prototype antenna, (a) Antenna on test 

for S-parameters, (b) Antenna radiating performance on test 
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Fig. 10. Simulated S-parameters of the proposed antenna
with different LS.

B. Performance for the fabricated antenna
To verify the simulation results of the antenna,

a prototype of the proposed antenna is manufactured
and tested. Figure 11 shows and sets up the proto-
type antenna. The S-parameters of the prototype antenna
are tested using the vector network analyzer-Agilent
N5244A and compared with the simulation results in
Fig. 13. The −10dB impedance bandwidth of simulation
and measurement has a little difference that is caused by
fabrications. In addition, within the operating bandwidth,
the simulated isolation and measured isolation between
the two ports is better than 25dB.

Figure 13 shows the simulated and measured peak
gain and the radiation efficiency of the proposed antenna.
In the operating frequency band, the simulated peak gain
range is 8.1±1.1dBi and the 3dB beam-width of the
antenna is 63◦±5◦. The measured peak gain is slightly
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Fig. 11. Photograph of prototype antenna. (a) Antenna on
test for S-parameters. (b) Antenna radiating performance
on test.
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Fig. 12. Simulated and measured S-parameters of the
base station antenna.

lower than the simulation result, which is caused by the
insertion loss caused by the fabrication of the prototype
antenna. On the other hand, it can be seen in Fig. 13 that
the radiation efficiency of the antenna in the operating
bandwidth is higher than 90%. In Fig. 14, only the radi-
ation patterns of port 1 at 2.4GHz, 3.0GHz, and 3.6GHz
are given, since the antenna is symmetry between port 1
and port 2. It can be seen that the radiation patterns of
the antenna have a high coincidence between the sim-
ulated result and the measured result. In addition, the
cross-polarization discrimination (XPD) of the designed
BS antenna is over 30 dB in the boresight direction. The
achieved front-to-back-ratio (FBR) is better than 17dB,

 

Fig. 13. The peak gain and radiation efficiency of the BS 

antenna  

 

Fig. 14. Simulated and measured radiation patterns at 2.4 

GHz, 3.0 GHz and 3.6 GHz.  

Table 2 shows the performance comparison between the 

proposed antenna and the existing dual-polarized antenna (λ 

is the wavelength corresponding to the central frequency). It 

is to say that the proposed antenna is a wideband BS antenna 

with high gain, high isolation and low cross-polarization. In 

the future, the antenna can be used for MIMO radar and 

sparse arrays applications [21-22].  

Table 2. Comparison of the proposed antenna with existing dual-polarized 

antennas 

Ref. 

Operation  

band 

(GHz) 

XPD  

(dB) 

Isolation 

(dB) 

Gain 

(dBi) 

FBR 

(dB) 

Profile  

height 

[15] 
3.25-3.75 

(11.4%) 
>25 >30 ~7 18 0.21λ 

[16] 
1.6-2.9 

(48%) 
>25 >22 8.2 ~20 0.24λ 

[17] 
1.15-4.07 

(107%) 
>20 NS >8.2 11.5 0.38λ 

[18] 
1.71-2.69 

(44.5%) 
>25 >22 ~8 18 ~0.39λ 

[19] 
1.68-2.75 

(48%) 
>20 >37 8.9±0.7 15.5 0.18λ 

[20] 

3.28-3.71, 

4.8-5.18 

(12.3,7.6) 

>20 >37 8.7±1.8 ~13 0.13λ 

This 

work 

2.24-3.75 

(50.4%) 
>30 >25 8.1±1.1 >17 ~0.28λ 

IV. CONCLUSION 

A wideband ±45° dual-polarized cross dipole antenna is 

proposed in this paper and its impedance bandwidth is 

extended by parasitic elements and baluns. The proposed 

antenna adopts bow-tie parasitic elements, which improves 

the operating bandwidth of the antenna and solves the 

problem of parasitic elements affecting the radiation 

performance. The reflector improves the peak gain of the 

antenna and increases the stability of the antenna radiation 

pattern. The antenna has an impedance bandwidth of 50.4%, 

which can be operated at 2.24 GHz-3.75 GHz. Furthermore, 

the proposed antenna has a port isolation of more than 25dB 

and a high cross polar discrimination of better than 30 dB in 

the operating bandwidth. Furthermore, the antenna has a high 

gain, good directional radiation patterns, and front-to-back-

ratio, making it promising for 5G base station applications. 
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Fig. 14. Simulated and measured radiation patterns at
2.4 GHz, 3.0 GHz and 3.6 GHz.

meaning that the back radiation of the proposed antenna
is suppressed well. Table 2 shows the performance com-
parison between the proposed antenna and the existing
dual-polarized antenna (λ is the wavelength correspond-
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Table 2: Comparison of the proposed antenna with exist-
ing dual-polarized antennas
Ref. Operation

band
(GHz)

XPD
(dB)

Isolation
(dB)

Gain
(dBi)

FBR
(dB)

Profile
height

[15] 3.25-3.75
(11.4%)

>25 >30 ∼7 18 0.21λ

[16] 1.6-2.9
(48%)

>25 >22 8.2 ∼20 0.24λ

[17] 1.15-4.07
(107%)

>20 NS >8.2 11.5 0.38λ

[18] 1.71-2.69
(44.5%)

>25 >22 ∼8 18 ∼0.39λ

[19] 1.68-2.75
(48%)

>20 >37 8.9±0.7 15.5 0.18λ

[20] 3.28-3.71,
4.8-5.18
(12.3,7.6)

>20 >37 8.7±1.8 ∼13 0.13λ

This
work

2.24-3.75
(50.4%)

>30 >25 8.1±1.1 >17 ∼0.28λ

ing to the central frequency). It is to say that the proposed
antenna is a wideband BS antenna with high gain, high
isolation and low cross-polarization. In the future, the
antenna can be used for MIMO radar and sparse arrays
applications [21-22].

IV. CONCLUSION
A wideband ±45◦ dual-polarized cross dipole

antenna is proposed in this paper and its impedance
bandwidth is extended by parasitic elements and baluns.
The proposed antenna adopts bow-tie parasitic elements,
which improves the operating bandwidth of the antenna
and solves the problem of parasitic elements affect-
ing the radiation performance. The reflector improves
the peak gain of the antenna and increases the stabil-
ity of the antenna radiation pattern. The antenna has
an impedance bandwidth of 50.4%, which can be oper-
ated at 2.24 GHz-3.75 GHz. Furthermore, the proposed
antenna has a port isolation of more than 25dB and a
high cross polar discrimination of better than 30 dB in
the operating bandwidth. Furthermore, the antenna has a
high gain, good directional radiation patterns, and front-
to-back-ratio, making it promising for 5G base station
applications.
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