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1  Introduction 
 

A compact ultra-wideband crossed-dipole an-
tenna is proposed for 2G/3G/4G/IMT/5G customer 
premise equipment (CPE) applications. The arms of 
the crossed-dipole antenna are formed by step-shaped 
patches, and a wideband operation can be realized by 
properly selecting the order of the step-shaped 
patches; its bandwidth can be further enhanced by 
extending the end of crossed dipole downward. Each 
dipole is excited by a microstrip stub that is directly 
connected to a coaxial cable. Furthermore, a slotted 
rectangular parasitic patch is added beneath the 
crossed dipoles to further support a 5G sub-6-GHz 
band without additional space cost. The test results 
for the prototype of the proposed antenna show that 
the crossed-dipole antenna has a bandwidth of 147.3% 
(0.77–5.07 GHz) for return loss lower than 10 dB and 
an isolation higher than 20 dB between two ports. 

The commercial use of 5G provides a huge op-
portunity for Internet of Things (IoT) applications 
(Duan, 2020). CPE can establish a wireless connec-
tion with a base station, and then turn the signals from 
the communication service providers into Wi-Fi sig-

nals; thus, consumers can access the Internet through 
Wi-Fi. This allows terminal devices to use Wi-Fi 
signals provided by 5G CPE to enjoy the convenience 
of a 5G system, even if they do not support the 5G 
standard. As the assignment of the 5G sub-6-GHz 
spectrum is different in different countries (e.g., 
China, 3.4–3.6 GHz and 4.8–5 GHz; Europe, 3.4–3.8 
GHz) and the existing 2G/3G/4G/IMT system will 
still work in many regions for a long time, it is nec-
essary to design wideband antennas that can cover 
both 2G/3G/4G/IMT and 5G spectra to support global 
large-scale 5G commercial use. 

Crossed-dipole antennas are widely adopted 
according to their advanced transmission characteris-
tics: they are superior in reducing multi-path fading 
(Wong, 2002) and channel capacity can be doubled 
compared with the case where only one polarization is 
considered (Zhang B et al., 2019). 

Adding a parasitic element is widely done to 
enhance the crossed-dipole antenna bandwidth (Zhou 
and Li, 2011; Cui et al., 2017; Wu et al., 2018). By 
adding four pairs of parasitic elements on four corners 
of the crossed dipole, its 15-dB bandwidth is en-
hanced from 1.9–2.6 GHz to 1.7–2.75 GHz, which 
could meet the frequency requirement for a base sta-
tion (Cui et al., 2017). However, to support Interna-
tional Mobile Telecommunication (IMT) services in a 
base station, Wu et al. (2018) added a parasitic loop, a 
parasitic disk, four parasitic strips, and four plumb 
strips to the crossed-dipole antenna to realize a 
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bandwidth of 65.1% (1.4–2.75 GHz). These parasitic 
elements greatly increased the profile of the structure 
and made it hard to assemble. Some work has been 
done to widen the impedance bandwidth of a crossed 
dipole by modifying its arms (Cui et al., 2014; Li YZ 
et al., 2015; Li JY et al., 2016; Alieldin et al., 2018; 
Wen et al., 2018; Zhang YH et al., 2019). In Zhang 
YH et al. (2019), multiple modes in two designs were 
all excited using double-loop dipoles with stepped 
exponentially shaped arms, and the impedance 
bandwidth realized was 75.1% for 1.68–3.7 GHz and 
91.8% for 2.38–6.42 GHz. The crossed dipoles de-
signed in Alieldin et al. (2018) comprised an elliptical 
dipole, bowtie dipole, and cat-ear shaped arms, where 
each of them corresponded to the different resonances 
at a lower band (0.7–0.96 GHz, 31.3%), middle band 
(1.7–3 GHz, 55.3%), and 5G band (3.3–3.8 GHz, 
14.1%). Although these two designs take 5G opera-
tion into consideration, neither of them can support 
the whole 2G/3G/4G band and 5G new radio (NR) 
band simultaneously. 

We propose a compact ultra-wideband crossed- 
dipole antenna for 2G/3G/4G/IMT/5G CPE applica-
tions. The frequency band of B1 (0.82–0.96 GHz) and 
B2 (1.4–2.7 GHz) can be covered by selecting three- 
step-shaped patches as the arms of the crossed dipoles. 
A special parasitic patch is introduced below the 
center of the crossed dipoles to further broaden the 
frequency band of the antenna. The measurement 
results show that the proposed antenna can fully cover 
the bandwidth required by 2G/3G/4G/IMT and sub-6- 
GHz 5G systems, and that it is a promising candidate 
for future terminal devices. 
 
 
2  Antenna structure 

 
Fig. 1 shows the detailed geometry of the pro-

posed wideband crossed-dipole antenna. The whole 
antenna is composed of a pair of end-extended 
crossed dipoles and a slotted rectangular parasitic 
patch. All elements of the crossed dipole are printed 
on a 100 mm×100 mm×0.8 mm substrate of FR4, 
with a relative dielectric permittivity of 4.4. The four 
three-step-shaped arms of the crossed dipole are di-
agonally arranged on the substrate to make full use of 
the limited space. Because these arms, which are 
printed on the lower surface of the substrate, need to 

be fed properly, four metallic vias are drilled on two 
microstrip stubs to excite the crossed-dipole antenna 
to realize ±45° polarization (P1 for +45° polarization, 
P2 for −45° polarization). In this way, a compact 
planar feeding structure can be realized, and the 
“bridge” feeding structure is no longer needed. Ac-
cording to the side view shown in Fig. 1b, each end of 
the dipole has a downward extension of 9.2 mm, 
which increases the electrical length of dipole to 
cover the lower band (B1); also, the slotted parasitic 
patch is added beneath the crossed dipoles to further 
cover B3. 

 
 
 
 
 
 
 
 
 
 
 
 

 
3  Design and analysis 

3.1  2G/3G/4G/IMT antenna design 

The design process of the proposed antenna and 
the corresponding S-parameters are shown in Fig. 2. 
First, the four arms of the crossed dipoles are started 
from a single-step-shaped patch (ant 1). The simula-
tion results show that the impedance matching of the 
single-step-shaped cross dipole is not good, and that 
the isolation between P1 and P2 is worse than 20 dB 
in B2. By modifying the single-step-shaped dipole 
into a two-step-shaped dipole (ant 2), the impedance 
matching is improved in B1 and B2. Following the 
same method, the impedance matching can be further 
improved and B2 can be fully covered with reflection 
coefficients lower than −10 dB by a three-step-shaped 
dipole (ant 3). Meanwhile, the isolation for B2 is 
better than 22.5 dB and the isolation for B1 is even 
better than 40 dB. To fully cover B1, a downward 
extension at each end of the dipole is performed to 
increase the electrical length of the dipole. 

The surface current distribution of ant 4 at  
900 MHz is added to illustrate how higher isolation is 

Fig. 1  Antenna structure: (a) top view; (b) side view (the 
unit is mm) 
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achieved in B1. As shown in Fig. 3, when P1 is fed, a 
strong current distribution can be found along the 
axial direction of dipole 1; also, the edges of dipole 2 
comprise a strong induced current that is coupled 
from dipole 1. Taking the vector current distribution 
into consideration, the total equivalent current dis-
tribution on each arm of dipole 2 (black arrow) is 
exactly opposite to that of dipole 1 (white arrow), and 
this current is perpendicular to the microstrip feed line, 
which leads to weak current being induced to feed 
port 2 (Fig. 3b). Thus, higher isolation between di-
poles 1 and 2 can be achieved. Fig. 4 shows the re-
flection coefficients of P1 in ant 4 with and without 
dipole 2. It is clear that the matching of ant 4 with 
dipole 2 is significantly better than that in the case of 
ant 4 without dipole 2, where the reflection coeffi-
cients are all worse than −10 dB over the band of 
interest. In fact, dipole 2 acts as two parasitic patches 
around dipole 1, which can be naturally used to 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

broaden the bandwidth of dipole 1 to realize wide-
band operation. 

3.2  5G antenna design 

Fig. 5 shows how B3 can be fully covered by 
introducing a special parasitic patch. For crossed 
dipoles without loading any parasitic elements (ant 4), 
although two resonances can be found around 3.3 and 
4.5 GHz, the impedance matching in B3 is rather poor. 
To improve the matching of B3, a square parasitic 
patch is first added beneath the feed point of the 
crossed dipoles where the parasitic patch can be easily 
activated by the strong current distributed around the 
feed point. The implementation of the parasitic patch 
greatly improves the matching in 3 and 4.3 GHz, and 
most of B3 can be covered. Further, by etching four 
slots on the parasitic patch along the gap between 
dipoles, another resonance is activated and B3 can be 
fully covered for reflection coefficients lower than 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2  Simulated S-parameters in the design process of the 2G/3G/4G/IMT antenna 
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Fig. 3  Surface current vector distribution of ant 4 @900 MHz when P1 is activated: (a) dipole; (b) microstrip stub 
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−10 dB. Also, note that B3 can be tuned inde-
pendently, because there is a negligible loading effect 
of the modified parasitic patch on the coverage of B1 
and B2. 

To clarify, the simulated surface current distri-
butions at 3700 and 4800 MHz of the parasitic patch 
with and without the slot are presented in Fig. 6. 
According to Fig. 6a, before the slot is etched on the 
parasitic patch, the current concentrates mainly along 
the diagonal direction of the patch at two frequencies, 
and strong current distribution can be found at the 
four edges of the patch. After the parasitic patch is 
modified, the current distribution at 3700 MHz 
changes greatly as it is distributed mainly along the 
edges of the modified patch, so new resonance at 
3700 MHz is excited. As for the resonance at  
4800 MHz, a weak current distribution can be found 
along the edges of the patch, and the current is dis-

tributed mainly diagonally along the modified patch, 
which contributes to better matching at the higher 
band. In this way, B3 can be fully covered by the 
modified parasitic patch and Lslot is chosen to be 5 mm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4  Experimental results 
 

A prototype of the proposed antenna is fabri-
cated and measured to validate the simulation results. 
As shown in Fig. 7, each port is fed by a flexible 
coaxial line, and four bent copper patches are sol-
dered at each end of the dipole to further extend its 
length. The slotted parasitic patch is formed by cut-
ting four slots on a copper patch, and it is fixed be-
neath the crossed dipole by sticking it on a small piece 
of foam. 

 
 
 
 
 
 
 
 
 
 

The simulated and measured S-parameters are 
shown in Fig. 8. Although isolation differences and 
resonance shift are observed in B1 and B2 due to 
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Fig. 5  Simulated reflection coefficients in the design 
process of the 5G band 
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Fig. 7  Prototype of the proposed antenna: (a) perspective 
view; (b) backside view 

Fig. 6  Simulated surface current distribution at 3700 and 
4800 MHz when P1 is excited: (a) parasitic patch without 
slot; (b) parasitic patch with slot 

Fig. 4  Simulated reflection coefficients of P1 in ant 4 
with and without (w/o) dipole 2 
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fabrication tolerance (e.g., a gap is inevitable between 
the end of the dipole and the downward extension; the 
distance between the lower surface of the dipole and 
the slotted parasitic patch is not absolutely 0.8 mm 
because it is a handmade model), the discrepancy 
between the simulated and measured parameters is 
acceptable. It can be seen that both antennas can cover 
B1/B2/B3 and that the bandwidth of 147.3% (0.77– 
5.07 GHz) for reflection coefficients better than  
−10 dB can be realized; meanwhile, isolation higher 
than 20 dB is obtained within the band of interest. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The simulated and measured radiation patterns at 

six different frequencies in the ZOX and ZOY planes 
are shown in Fig. 9. It can be seen that the radiation is 
bidirectional because there is no reflector added be-
neath the radiator that is normally used for backward 
radiation elimination. In addition, the co-polarization 
in the upper space will change to cross-polarization in 
the lower space due to the reversed propagation di-
rection. Although there are some distortions caused 
by misalignment in antenna measurement, the  
 

 
 
 
 
 
 
 
 
 
 
 

measurement results agree well with the simulation 
results. For B1 and B2, the radiations are mainly 
toward the Z axis. Further, because the main radiator 
for B3 is not the crossed dipole but the parasitic patch 
beneath it and the higher frequency, the radiation for 
B3 is no longer along the Z axis but toward the XOY 
plane. In addition, the measurement results show that 
the gain ranges from 3 to 5 dBi in B1 and B2, and 
from 2 to 4 dBi in B3.  

Comparisons between the proposed antenna and 
the designs in various references are shown in Table 1. 
We must clarify here that there is no reflector in our 
design because of the CPE applications, and the an-
tennas in other references all have a reflector ground. 
This may be unfair, but it shows that our design is 
innovative. In a fair comparison, the normalization 
factor of antenna dimension λL represents the free- 
space wavelength at the lowest operating frequency in 
each design. It can be seen that the proposed antenna 
has the broadest bandwidth of 147.3% and has the 
most compact structure among the six designs, and an 
acceptable isolation (>20 dB) over the band of interest 
is also achieved with a simple structure. 

 
 

5  Conclusions 
 

A compact ultra-wideband crossed-dipole an-
tenna for 2G/3G/4G/IMT/5G CPE applications is 
proposed. Better matching can be realized by adjust-
ing the microstrip stub, and wideband operation is 
obtained with the help of three-step-shaped dipole 
arms and a slotted parasitic patch. The measurement 
results show that the proposed antenna could cover 
2G/3G/4G/IMT/5G bands with a bandwidth of 
147.3% (0.77–5.07 GHz) for return loss lower than  
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 8  Simulated and measured S-parameters 
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Table 1  Comparison between the proposed and referenced antennas 

Reference λL Bandwidth Isolation (dB) Antenna structure 
Wu et al., 2018 0.62×0.62×0.17 65.1% (1.40–2.75 GHz, 15 dB) >30 Complex (10 

parasitic patches) 
0.32×0.32 (planar) 63.0% (1.40–2.70 GHz, 15 dB) >30 Simple (one 

parasitic patch) 
Zhang YH et al., 

2019 
0.28×0.28 (planar) 91.8% (2.38–6.42 GHz, 10 dB) >30 Simple 
0.28×0.28 (planar) 75.0% (1.68–3.7 GHz, 14 dB) >30 

Alieldin et al.,  
2018 

0.35×0.35 (planar) 31.3% (0.70–0.96 GHz, 10 dB); 
55.3% (1.70–3.00 GHz, 10 dB); 
14.0% (3.30–3.80 GHz, 10 dB) 

>20 Simple 

This paper 0.24×0.24×0.03 147.3% (0.77–5.07 GHz, 10 dB) >20 Simple (one 
parasitic patch) 

λL represents the free-space wavelength at the lowest operating frequency, and the unit is mm×mm or mm×mm×mm 
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10 dB, and the isolation between two ports is higher 
than 20 dB; also, a stable radiation pattern is achieved. 
Due to its multiband operation and compact structure, 
the proposed crossed-dipole antenna is a promising 
candidate for future terminal devices. 
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Fig. 9  Simulated and measured radiation patterns in the ZOX plane (a–f) and ZOY plane (g–l) when P1 is excited:  
(a) and (g) @900 MHz; (b) and (h) @1450 MHz; (c) and (i) @2200 MHz; (d) and (j) @2700 MHz; (e) and (k)  
@3500 MHz; (f) and (l) @4500 MHz 
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