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Abstract – A broadband decoupled dual antenna pair
suitable for sub-6G mobile terminal application is pro-
posed and designed. The multiple input multiple output
(MIMO) antenna pair is arranged on the metal frame of
the mobile phone, with two antenna pairs on each metal
frame. The slotted antenna element structure and defect
ground decoupling structure are used to achieve wide
band and high isolation. Based on the decoupled antenna
pair, an eight-element MIMO antenna is designed. Sim-
ilarly, the coupling between antenna pairs is effectively
reduced by etching the decoupled defect structure of a
zigzag shape on the system surface. The prototype of
the antenna array is successfully fabricated and tested.
Simulation and experimental results show that the pro-
posed eight-element MIMO antenna can fully cover the
n77/n78/n79 band of 5G New Radio and 5 GHz band
of WLAN. The overall efficiency of the antenna is 50%-
75%, the envelope correlation coefficient (ECC) is below
0.08, and the isolation between any two ports is better
than 11 dB.

Index Terms – 5G New Radio (5G NR), metal-frame
smartphone, multiple-input–multiple-output (MIMO)
antenna, slot antenna, WLAN 5 GHz band.

I. INTRODUCTION
Multiple input multiple output (MIMO) technology,

as one of the core technologies of future fifth generation
(5G) communication systems, can significantly improve
spectral efficiency without increasing power and spec-
trum. Therefore, it is widely used in the design of ter-
minal antennas to improve performance and adapt to
5G communication. The fourth generation (4G) mobile
communication system, also known as LTE (Long Term
Evolution), introduces MIMO technology to improve the
transceiver efficiency of wireless mobile communication
networks, and can effectively improve channel capacity
and spectrum efficiency. As (5G) mobile communica-
tions enter the commercial phase, there will be greater
data capacity, higher data transmission rates and lower

delays. In order to achieve these difficult goals, more
challenging requirements are put on the corresponding
antenna design.

According to technical specification 38.101 of the
3G Partner Program, FR1 is the 5G NR band operat-
ing below 6 GHz (or less), while FR2 is the 5G NR
band operating in millimeter-wave [1]. The design of
millimeter-wave antenna is mainly faced with the serious
problem of spatial attenuation, which is not discussed
here [2]. In bands below 6 GHz, 3G/4G mobile com-
munication systems now use bands below 3 GHz, while
bands between 5 and 6 GHz are now used in WLAN
5 GHz bands (5150-5825 MHz). For 5G networks,
5G NR bands for n77 (3300-4200 MHz), n78 (3300-
3800 MHz) and n79 (4400-5000 MHz) are planned. At
present, 5G antenna design in the band below 6 GHz
faces the bottleneck of limited bandwidth and needs to
be expanded. For mobile terminal applications, early
antenna designs below 6 GHz were concentrated in 3.4-
3.6 GHz or 3.3-3.8 GHz, with relatively limited band-
width [3–7]. Dual-band antennas covering 3.3-3.8 GHz
and other bands below 6 GHz are studied in [8–11].
Recently, [12–14] antennas have been proposed to fully
cover 5G NR bands n77 (3300-4200 MHz), n78 (3300-
3800 MHz), and n79 (4400-5000 MHz). Still, their band-
width is expected to expand further.

A simple design scheme for 5G MIMO smartphone
antennas is to place 4 or 8 antenna units in different areas
of the smartphone [2–26]. Due to the limited space, the
coupling effect between elements is usually the focus
of attention, and it is difficult to achieve decoupling
between them. In recent years, there has been much
research on terminal antenna decoupling. For example,
neutralization line [15] is a common decoupling tech-
nique, but it tends to work only in narrow bands. In
[8], spatial orthogonal decoupling is achieved by placing
units at four corners of the substrate. In addition, some
other decoupling technologies, such as defective ground
structure [16–17], decoupling unit [18] and self-isolation
unit [19–22], lumped element loading [23], and differ-
ential feed [24], are also studied to further improve the

Submitted On: June 22, 2022
Accepted On: August 30, 2022

https://doi.org/10.13052/2022.ACES.J.371204
1054-4887 © ACES

https://doi.org/10.13052/2022.ACES.J.371204


1209 ACES JOURNAL, Vol. 37, No. 12, December 2022

isolation performance. Although these various decou-
pling technologies improve the isolation performance
of antenna elements, they also occupy a lot of space
resources. Therefore, how to simplify the design of
the decoupling structure so as to improve the isolation
degree between units and reduce the occupation of space
resources has become a topic worthy of study.

This paper proposes a decoupled dual antenna pair
for sub-6G smartphone applications. According to the
design requirements of the combination of modern smart
phone antenna and metal frame, four antenna pairs are
gathered on the mobile terminal to form a broadband
eight-element MIMO antenna array. The prototype of
MIMO antenna array is fabricated and tested. In addition
to covering 5G NR n77/n78/n79 bands, the array can also
work in the 5 GHz (5170-5835 MHz) band of WLAN.
The isolation performance in the whole working band is
better than 11 dB, which can well meet the requirements
of 5G terminal antenna. The measured results agree well
with the simulation results.

II. ANTENNA DESIGN AND GEOMETRY
A. Geometry of proposed antenna

Figure 1 is a schematic diagram of an eight-element
MIMO mobile phone antenna proposed in this paper. All
antenna elements are located on the two long frames
of the mobile phone. The size of the main substrate of
the system adopts the general specifications of mobile
phones in the contemporary market, and the size is
150 mm x 75 mm. The size of the two small substrates is
150 mm x 7 mm, they are placed vertically on both sides
of the main substrate, and four antenna units are placed
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Fig. 1.  Schematic diagram of eight-element MIMO mobile phone antenna. 
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Fig. 2.  Structure diagram of compact antenna pair. 

 

 

 
 

 

TABLE I 
ANTENNA ELEMENT SIZE /MM 

W1 W2 W3 Ws Wf L1 L2 

2 1.5 2 2.5 1 10 2.5 

Ls1 Ls2 Lf t    

5.5 3 4.5 0.5    

B. Design Process and Analysis 

The structural design comparison of MIMO mobile phone 

antenna designed in this paper is shown in Figure 3. In order to 

clearly show the performance advantages brought by the 

antenna structure we finally designed, Fig. 4 shows the 

comparison of S parameters under three different antenna 

design forms. Compared with the structure of antenna 1, the 

proposed antenna structure has one more rectangular slot on the 

side small substrate, and the antenna unit is L-shaped slot when 

viewed from the side. Antenna 2 does not have a zigzag slot 

between two compact antenna pairs. As can be seen from the 

comparison of S parameters of the three antenna designs in Fig. 

4, the -6dB impedance bandwidth of antenna 1 is relatively 

narrow, mainly reflected in the fact that the coverage range of 

frequency band just covers the critical value of low frequency 

band. Moreover, due to the existence of decoupling structure in 

its design, the element isolation degree of antenna 1 is relatively 

ideal. The -6dB impedance bandwidth of antenna 2 is relatively 

wide, especially in the lower frequency band. However, due to 

the absence of decoupling structure, the isolation degree 

between elements is relatively low, which is also a reason for 

its wide impedance bandwidth in the lower frequency band. It 
can be seen from the simulation results of S parameters that the 

-6dB impedance bandwidth of the proposed antenna is wider 

than that of the antenna 1 without a rectangular slot on the small 

substrate, and its reflection coefficient is smaller in the whole 

operating band. Compared with the antenna 2 without 

decoupling structure, the isolation degree between elements of 

the proposed antenna is higher than 10dB, which is about 5dB 

higher. 
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on each small substrate. The material used for the main
substrate and the small substrate are FR-4, the substrate
thickness is 0.8 mm, the relative dielectric constant εr is
4.3, and the loss angle tangent tan δ is 0.025. Figure 2
shows the structure diagram of the antenna pair in the
mobile phone antenna. It can be seen from the figure that
the antenna unit consists of an open slot in a small sub-
strate and a slot in the floor. The antenna structure is fed
by coupling L-shaped feeder branches on the substrate.
The two antenna elements in the antenna pair are also
arranged with respect to the decoupled structure. The
decoupling between the compact antenna pairs is real-
ized by a slotted structure designed with a zigzag shape.
The values of each structural parameter in the antenna
structure are given in Table 1. Each antenna is fed from
the back of the substrate by an SMA connector through
a hole connected to the microstrip line.

Table 1: Antenna element size / mm
W1 W2 W3 Ws Wf L1 L2
2 1.5 2 2.5 1 10 2.5

Ls1 Ls2 Lf t
5.5 3 4.5 0.5

B. Design process and analysis
The structural design comparison of MIMO mobile

phone antenna designed in this paper is shown in Fig. 3.
In order to clearly show the performance advantages
brought by the antenna structure that we finally designed,
Fig. 4 shows the comparison of S parameters under three
different antenna design forms. Compared with the struc-
ture of antenna 1, the proposed antenna structure has one
more rectangular slot on the side small substrate, and the
antenna unit is an L-shaped slot when viewed from the
side. Antenna 2 does not have a zigzag slot between two
compact antenna pairs. As can be seen from the com-
parison of S parameters of the three antenna designs in
Fig. 4, the −6 dB impedance bandwidth of antenna 1
is relatively narrow, mainly reflected by the fact that the
coverage range of the frequency band just covers the crit-
ical value of the low frequency band. Moreover, due to
the existence of the decoupling structure in its design,
the element isolation degree of antenna 1 is relatively
ideal. The −6 dB impedance bandwidth of antenna 2 is
relatively wide, especially in the lower frequency band.
However, due to the absence of a decoupling structure,
the isolation degree between elements is relatively low,
which is also a reason for its wide impedance bandwidth
in the lower frequency band. It can be seen from the sim-
ulation results of S parameters that the −6 dB impedance
bandwidth of the proposed antenna is wider than that of
antenna 1 without a rectangular slot on the small sub-
strate. Compared with antenna 2 without the decoupling
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structure, the isolation degree between elements of the
proposed antenna is higher than 10 dB, which is about
5 dB higher.
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Fig. 4. Comparison of S parameters in structural design
of antenna pairs.

III. RESULTS AND DISCUSSION
A. Current distribution

In order to understand the decoupling principle of
the proposed antenna more intuitively, Figs. 5 (a) and
(b) show the electric field and current distribution of the
open slot antenna at the resonant frequency 3.78 GHz
and 5.85 GHz, respectively. It can be seen from Fig. 5
that there is a maximum electric field at the open end
of the open slot antenna and a null electric field at the
shorted end of the open slot antenna. It is obvious that a
quarter-wavelength slot mode is excited within the open
slot. At the two different resonant frequencies, the elec-
tric field direction in the open slot is opposite, and the
current distribution is different. The current distribution
at resonant frequency f2=5.85 GHz has a current null
point, so different resonances are generated.

Figure 6 shows the comparison of surface current
distribution between antenna pairs at 3.78 GHz with or
without a decoupling structure. Similarly, the decoupling
effect also exists in the whole operating frequency band
of the antenna. As can be seen from Fig. 6, when there
is no designed decoupling structure between compact
antenna pairs, the current fed from one port will be cou-
pled from antenna 1 to antenna 2, resulting in a large cur-
rent flowing on antenna 2. However, when the designed
decoupling structure exists, the coupling current basi-
cally flows through the designed decoupling structure

Fig. 5. Electric field distribution and current distribu-
tion of antenna element at (a) f1=3.78 GHz and (b)
f2=5.85 GHz.

with a zigzag shape, making the coupling current on
antenna 2 virtually absent, so as to achieve a better isola-
tion effect between antenna pairs.
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antenna unit slot, the corresponding lower resonant frequency 

point moves to the high frequency, and the -6 dB impedance 

bandwidth is also reduced at this time. However, with the 

increase of L-type coupling feed branch length Lf, the overall 

resonant depth of the antenna decreases, that is, the Q value 

decreases, and the resonance point at the low frequency also 

moves to the lower frequency band. Therefore, L1=10mm and 

Lf=4.5mm are taken in combination with the effects of the two 

parameters on the overall performance of the antenna. Fig. 7(a) 

and Fig. 7(b) respectively show the influence of two key 

parameters Ls1 and Ls2 in the decoupling structure of antenna 

pair on the return loss of antenna unit itself and the isolation 

Fig. 6. Comparison of surface current distribution of
antenna pairs at 3.78GHz. (a) There is no decoupling
structure. (b) There are decoupling structures.

Fig. 7. The return loss of antenna unit varies with (a) L1
and (b) Lf.

B. Parameter analysis
In this section, the effects of some important param-

eters on the performance of the antenna are analyzed.
The influence results of the length L1 of antenna unit
slot and L-type coupling feed branch length Lf on the
return loss of the antenna unit are shown in Figs. 7 (a)
and (b) respectively. As can be seen from the figure,
with the increase of the length L1 of the antenna unit
slot, the corresponding lower resonant frequency point
moves to the high frequency, and the −6 dB impedance
bandwidth is also reduced at this time. However, with
the increase of L-type coupling feed branch length Lf,
the overall resonant depth of the antenna decreases, that
is, the Q value decreases, and the resonance point at
the low frequency also moves to the lower frequency
band. Therefore, L1=10 mm and Lf=4.5 mm are taken
in combination with the effects of the two parameters
on the overall performance of the antenna. Figures 8 (a)
and (b) respectively show the influence of two key
parameters Ls1 and Ls2 in the decoupling structure of

antenna pair on the return loss of antenna unit itself
and the isolation degree between units. As can be seen
from the figure, the impedance bandwidth of the corre-
sponding low frequency band becomes wider with the
increase of the length Ls1 of the zigzag shape decoupling
slot, but the isolation degree between the corresponding
antenna pairs also decreases. Similarly, with the increase
of the length Ls2 of the zigzag shape decoupling slot,
the impedance bandwidth of the corresponding low fre-
quency band also becomes wider, while the isolation
degree between the corresponding antenna pairs also
decreases. Therefore, Ls1=5.5 mm and Ls2=3 mm in
combination with the effects of the two parameters on
the overall performance of the antenna.

Fig. 8. The return loss of antenna unit varies with (a) Ls1
and (b) Ls2.

C. Test results
In order to better analyze the performance of the

sub-6G MIMO mobile phone antenna proposed in this
paper, according to the specific size of the antenna model
given in Table 1, physical production and testing of the
antenna model were carried out. Figure 9 is a physical
picture of the antenna. The test results were compared
with the simulation results, the comparison of simulation
and test results of reflection coefficient S11 and transmis-
sion coefficient S21 of this eight-element MIMO antenna
is shown in Figs. 10 and 11 respectively. Due to the sym-
metry of the antenna structure, only necessary results are
given in the figure. As can be seen from Fig. 10, the
antenna system can well cover the sub-6G (3.3-6 GHz)
full frequency band, and the simulation results are in
good agreement with the measured results. As can be
seen from Fig. 11, the isolation degree between the eight
antennas is all better than 10 dB, which basically meets
the requirements of the antenna unit isolation degree of
MIMO mobile phone antennas. The isolation degree of
antenna units mainly depends on the isolation degree
between antenna pairs and antenna pairs on the same
frame small substrate and the isolation degree between
antenna pairs.

Figure 12 shows the simulation and measured com-
parison results of the total efficiency of MIMO mobile
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Fig. 9. Photograph of the fabricated prototype.

Fig. 10. Reflection coefficients of Ants1-4. (a) Simu-
lated. (b) Measured.

Fig. 11. Isolation levels between two antenna units. (a)
Simulated. (b) Measured.

Fig. 12. Total antenna efficiencies of Ants1-4. (a) Simu-
lated. (b) Measured.

phone antenna. The simulation results show that the total
efficiency of the antenna is more than 60% in 3.3-6GHz

band, and the maximum efficiency reaches 80%. The
measured results show that the total efficiency of the
antenna is more than 50% in 3.3-6GHz band, and the
maximum efficiency is 75%. Figures 13 and 14 show
the 2D pattern of antenna 1 and antenna 2 at three dif-
ferent frequency points in xoy plane respectively. The
results are obtained by CST simulation. It can be seen
from the figure that the antenna unit has a certain direc-
tivity according to the position of distribution, and the
results of simulation and measurement also have good
consistency. The result of comprehensive testing shows
that the eight-element antenna system has good radiation
receiving performance.

Fig. 13. Simulated and measured radiation patterns
across the xy plane for Ant1. (a) at 3.6 GHz, (b) at
4.8 GHz, (c) at 5.6 GHz.

Fig. 14. Simulated and measured radiation patterns
across the xy plane for Ant2, (a) at 3.6 GHz, (b) at
4.8 GHz, (c) at 5.6 GHz.

Figure 15 shows the Envelope Correlation Coeffi-
cient (ECC) simulation results of the antenna system
[25–26]. Note that only necessary results are given in
the figure. As can be seen from the figure, the ECC
of the antenna system is all less than 0.08, indicating
that each antenna unit of the antenna system has good
channel independence. Table 2 compares the proposed
eight-element MIMO array with some recently reported
antenna designs. As can be seen, most designs cover only
one or two narrow bands, and many broadband anten-
nas are inefficient. In the antenna design proposed by us,
on the premise that the isolation degree basically meets
the requirements, not only the broadband design of the
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antenna is realized, but also the overall efficiency and
ECC of the antenna are ideal.

In order to realize the design of eight-element
MIMO terminal antenna, reasonable spatial layout of
the designed antenna pair is carried out, as shown in
Fig. 16 (a). Since the two elements in the antenna pair
are affected differently by the ground, the size of each
element is fine-tuned to optimize the antenna pair. In
addition, in order to reduce the coupling between antenna
pairs on the same side, a zigzag-shaped decoupling gap is
also designed between them. The size of the decoupling
gap is given in Fig. 16 (a). Figure 16 (b) shows the com-
parison results of S32 antenna with or without the decou-
pling structure. As can be seen from the figure, after

Fig. 15. The envelope correlation coefficient (ECC) of
MIMO antenna.

Table 2: Performance comparison of the 5G MIMO ter-
minal antennas

Design AP WB
(GHz)

Isolation
(dB)

Eff (%) ECC

[5] Y 3.4-3.6 >17 22-50 <0.1
[24] Y 3.33-3.6 >14 52-65 <0.1
[9] N 3.3-4.2

4.8-5
>12.5 LB

53-76
HB
62-79

<0.1

[10] Y 3.3-3.6
4.8-5

>17.5 LB
49-68
HB
49-70

<0.1

[12] Y 3.3-5 >12 31-88 <0.1
[21] Y 3.3-7.5 >10 15-70 <0.0

Proposed Y 3.3-6 >11 50-75 <0.8
Abbreviations: AP=Antenna Pair, WB=Working Band,

Eff=Efficiency, LB=Low Band, HB=High Band.

Fig. 16. Overall optimization design of antenna. (a) Spa-
tial layout dimensions of antenna pairs. (b) Influence of
decoupling structure on S32.

the decoupling structure is added, the isolation degree
between antenna 2 and antenna 3 is improved to more
than 10 dB.

IV. CONCLUSION
This paper presents an eight-element MIMO array

for 5G terminals. The working bandwidth of the antenna
ranges from 3.3 to 5.95 GHz (57.3%), fully covering
n77/n78/n79 and WLAN 5 GHz band. According to the
real antenna made and tested, the measured results are
in good agreement with the simulation results. The iso-
lation performance of the system is better than 11 dB,
the total efficiency is higher than 50%, and the ECC is
lower than 0.08. It has good MIMO performance and
meets the performance requirements of modern mobile
terminal antennas. It is a good MIMO antenna solution
for 5G mobile terminals.
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