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Abstract — In this paper, a novel compact multiple-
input multiple-output (MIMO) antenna with enhanced
port isolation is proposed for ultra-wideband (UWB)
applications. The UWB MIMO antenna contains two
coplanar annular monopoles etched on the front side
of the FR-4 substrate. The dielectric substrate has a
relative permittivity of 4.4 and a size of 80 mm x 40
mm x 1.6 mm. The irregular ground is printed on the
back side of the substrate. In order to enhance the port
isolation between the two monopoles, the expanded
ground is exploited in the proposed design. In addition,
the ground is etched with some slots to achieve good
impedance matching. Both the simulated and measured
results show that the proposed antenna achieves good
impedance matching as well as high port isolation over
the entire UWB band. Moreover, the proposed antenna
has good spatial diversity characteristics. In summary,
the proposed UWB MIMO antenna can be well applied
to the ultra-wideband wireless communication system.

Index Terms — Isolation, monopole antenna, multi-
input multi-output, ultra-wideband.

I. INTRODUCTION

Compared to the traditional narrowband
communications, the ultra-wideband (UWB) multiple-
input multiple-output (MIMO) communication has
many advantages such as high speed, large capacity and
high spectrum utilization. However, there are many
challenges in designing the UWB MIMO antennas,
mainly the problems of impedance matching and
mutual coupling reduction over the entire UWB band
[1]. Some useful methods have been proposed to
enhance the isolation between the elements of the MIMO
antennas. One method is optimizing the layout of the
antenna elements and making use of the polarization
characteristics of the antennas to reduce the mutual
coupling [2-6]. In [2], the MIMO slot antenna without
any decoupling structure achieves a high isolation by
placing the four antenna elements asymmetrically.
Isolation can be improved by introducing a parasitic
resonant structure to between the antenna elements. For
example, a metal strip reflector was used to isolate the
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two array elements in [7-10]. In addition, the defective
ground structures (DGS) are also very frequently used
in improving the port isolation of the antennas [11-14].
In [11], the isolation between the two antenna elements
is improved by adding a slot on the ground.
Furthermore, other metheds including loading a ground
branch are also effective to suppress the mutual
coupling and enhance the port isolation between the
array elements [15-22].

In this paper, a novel compact UWB MIMO
antenna is proposed. Two coplanar annular monopole
UWB antennas are placed side by side. The port
isolation is improved by expanding the ground plane.
Both the simulated and measured results show that
the isolation between the array elements has been
effectively increased over the entire UWB band. The
details of the proposed design and the results are
presented in the following sections.

I1. ANTENNA DESIGN AND ANALYSIS

The geometry of the proposed UWB MIMO
antenna is illustrated in Fig. 1. The FR4 substrate is
used in the design of the antenna, which has a relative
permittivity of 4.4 and a thickness of 1.6 mm. Two
coplanar annular monopole antennas are printed side by
side on the front side of the substrate, while the ground
is on its back side. The proposed antenna has a width of
W =80 mm and a length of L = 40 mm. The microstrip
line with a width of Wy = 3 mm is used to feed each
element. In order to increase the port isolation between
the two antenna elements, the ground plane is expanded
outwards at the middle portion, as shown in Fig. 1.
The antenna achieves a good impedance matching by
slotting the extended ground and the portion of the
ground below the microstrip feed line.

The proposed UWB MIMO antenna is simulated
and optimized by using ANSYS HFSS, and the
optimized dimensions of the antenna are shown in
Table 1. The simulated S-parameters of the proposed
antenna are shown in Fig. 2. Due to the symmetry of
the antenna structure, only the curves of the Si; and Si2
are plotted in the figure. From the figure, we can see
that the Si; is lower than -10 dB in the range of 2.13
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GHz to 11.03 GHz covering the entire UWB band,
which indicates that the proposed MIMO antenna has
been well matched. In addition, the S;, is almost lower
than -20 dB, which means that the port isolation
between the two elements is kept at a high level.

portl W

port2

Fig. 1. Geometry of the proposed UWB MIMO antenna.

Table 1: Optimized dimensions of the antenna (unit: mm)

Parameter Value Parameter Value
W 4 L, 28
Ws 12 L, 2
W, 3 Ls 1
W5 8.5 La 16.2
We 20 Ls 4.3
R1 7.6 Le 5.8
R, 2.5 Ls 14
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Fig. 2. Simulated S-parameters of the proposed UWB
MIMO antenna.

Figure 3 shows the design process of the proposed
UWB MIMO antenna. The S-parameters of the three
antennas are compared in Fig. 4. As can be seen from
the figure, for the initial design, antenna 1, the value of
Si2 is mainly between -10 dB and -20 dB in the UWB
operating band, which indicates that the two elements
are not highly isolated. In the antenna 2, the ground is
expanded outward with a rectangular shape between the
elements, thus making Si2 below -20 dB. And this result
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is a solid evidence for effective isolation enhancement.
However, as is shown, with the expanded ground, the
Sy of the antenna 2 is higher than -10 dB from about 4
GHz to 7 GHz, which means that expending the ground
plane has a negative impact on the impedance matching
and makes it worse. In order to achieve a good
impedance matching again, as shown in the antenna 3,
we etch slots on certain part of the ground. The slots are
etched not only behind the feedlines but also within the
rectangular shape expanded. The number of the slots
within the expanded ground is the result of optimization.
From Fig. 4, we can observe that in the UWB band, the
Sq1 of the antenna 3 is lower than -10 dB, and the Si» is
almost kept lower than -20 dB. It indicates that the
antenna 3 achieves both good impedance matching and
high port isolation.
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Fig. 3. Design process of the proposed antenna: (a)
antenna 1, (b) antenna 2, and (c) antenna 3.

When the antenna elements are placed closely to
each other, adding an excitation to one of the antenna
ports will generate an induced current at the other port,
which is the cause of the strong mutual coupling.
Therefore, in order to reduce the coupling and enhance
the isolation, it is necessary to suppress the generation
of the induced current. This is the purpose of expanding
the ground. The surface current distribution of the
antenna 1 and the antenna 3 at the different frequencies



are shown in Fig. 5, respectively. From the figure, it
can be seen that when the excitation is added to the port
1 without the expanded ground, an obviously large
induced current is generated nearby the port 2. Thus,
there is a strong coupling between the two antenna
elements. Expanding the ground plane, on the contrary,
makes the induced current mainly distributed around
the extended part of the ground and weak around the
port 2. Therefore, the coupling between the antenna
elements is effectively reduced and the port isolation is
enhanced.
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Fig. 4. The simulated S-parameters of the two-element
monopole array.
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Fig. 5. Surface current distribution of antenna 1 and
antenna 3: (a) antenna 1 at 3.5 GHz, (b) antenna 3 at 3.5
GHz, (c) antenna 1 at 7.0 GHz, (d) antenna 3 at 7.0
GHz, (e) antenna 1 at 10.0 GHz, and (f) antenna 3 at
10.0 GHz.

I11. RESULTS AND DISCUSSION

Both the antenna 1 and the antenna 3 are fabricated
using the FR4 substrate. Figure 6 shows the photograph
of the fabricated prototype.

The fabricated antennas are measured by using
Keysight E5063A and the measured S-parameters are
shown in Fig. 7. From Fig. 4 and Fig. 7. The comparison
between Fig. 4 and Fig. 7 presents that the measured
results correlate well with the simulated ones. The
slight difference between them may be caused by the
errors in the manufacturing and measurement. As seen
in Fig. 7, after the ground is expanded, the measured
S12 of the antenna 3 falls below -20 dB over the entire
UWB band. The result shows that the port isolation
between the two antenna elements has been effectively
increased. At the same time, the Si; of the antenna 3
remains below -10 dB, indicating that the antenna 3
still has a good impedance matching. In summary, the
antenna 3, as the final design of the proposed antenna,
can be better applied in the UWB MIMO communication
systems.
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Fig. 6. Photograph of the fabricated antennas: (a) top
view of antenna 1, (b) bottom view of antenna 1, (c) top
view of antenna 3, and (d) bottom view of antenna 3.
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Fig. 7. Measured S-parameters of the proposed antenna.

Figure 8 shows the simulated radiation patterns of
the proposed antenna at the different frequencies. From
the figure, it can be observed that when the two ports of
the proposed UWB MIMO antenna are fed separately.
It indicates that the proposed antenna has good spatial
diversity characteristics. In addition, in Table 2, the
overall performance of the proposed MIMO array is
compared with that of some typical designs in the
literature. The overall performance of the proposed
antenna is comparable to or superior to that of the
previous designs.
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Table 2: Performance comparison with previous designs

in literature
Antenna Bandwidth Isolation (In
Ref. Size (mm) (GH2) Most of the
Band) (dB)
[4] 73x73 3-18 >20
[5] 85x85 3.1-10.6 >15
[6] 110x120 3.0-10.0 >38
[8] 45x45 2-10.6 >17
[9] 42x25 3-12 >15
[11] 32x32 3.1-10.6 >15
[14] 24x40 4.6-10.1 >21
[16] 93x47 3.1-10.6 >31
[17] 24x40 3.1-10.9 >15
[19] 82x50 2.20-13.35 >15
ThiS | goxq0 | 2.13-11.03 >20
work
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Fig. 8. Radiation patterns of the proposed antenna: (a)
XQOY plane with portl excited, (b) XOY plane with
port2 excited, (c) XOZ plane with portl excited, and (d)
XOZ plane with port2 excited.

1V. CONCLUSION
A compact UWB MIMO antenna has been proposed
in this paper. The primary concern for the UWB MIMO
design is isolation enhancement. And this paper utilize
comprehensive methods to realize the good performance.
Firstly, by expanding the ground with certain shapes,
the port isolation between the antenna elements has
been significantly increased. Furthermore, the antenna
achieves a good impedance matching over the entire
UWB band through etching slots on the ground plane,
not only opposite the placement of feedlines but also
within the rectangular shape expanded. Based on the
above results, the proposed antenna is suitable for the

UWB MIMO communication systems.

ACKNOWLEDGMENT
This work was supported by the 2019 State Grid
Corporation Science and Technology Program under
Grant SGJX0000KXJS1900161.

YU, MAO, LI, HE: PORTS OF A COMPACT ULTRA-WIDEBAND MIMO ANTENNA

REFERENCES

[1] D. Ghosh, A. De, M. C. Taylor, T. K. Sarkar, M.
C. Wicks, and E. L. Mokole, “Transmission and
reception by ultra-wideband (UWB) antennas,”
IEEE Antennas Propagat. Mag., vol. 48, no. 5, pp.
67-99, Oct. 2006.

[2] G. Srivastava and A. Mohan, “Compact MIMO
slot antenna for UWB applications,” IEEE Antennas
Wireless Propag. Lett., vol. 15, pp. 1057-1060,
2016.

[3] A. Toktas and A. Akdagli, “Compact multiple-
input multiple-output antenna with low correlation
for ultra-wide-band applications,” IET Microw.
Antennas Propag., vol. 9, pp. 822-829, 2015.

[4] A.S. Eltrass and N. A. Elborae, “New design of
UWB-MIMO antenna with enhanced isolation
and dual-band rejection for WiMAX and WLAN
systems,” IET Microw. Antennas Propag., vol. 13,
pp. 683-691, Apr. 17, 2019.

[5] R. Mathur and S. Dwari, “8-port multibeam
planar UWB-MIMO antenna with pattern and
polarisation diversity,” IET Microw. Antennas
Propag., vol. 13, pp. 2297-2302, Oct. 30, 2019.

[6] L.Y.Nie, X.Q.Lin, Z. Q. Yang,J. Zhang, and B.
Wang, “Structure-shared planar UWB MIMO
antenna with high isolation for mobile platform,”
IEEE Trans. Antennas Propag., vol. 67, pp. 2735-
2738, 2019.

[71 T. K. Roshna, U. Deepak, V. R. Sajitha,
K. Vasudevan, and P. Mohanan, “A compact
UWB MIMO antenna with reflector to enhance
isolation,” IEEE Trans. Antennas Propag., vol. 63,
pp. 1873-1877, 2015.

[8] S. Tripathi, A. Mohan, and S. Yadav, “A compact
Koch fractal UWB MIMO antenna with WLAN
band-rejection,” IEEE Antennas Wireless Propag.
Lett., vol. 14, pp. 1565-1568, 2015.

[91 R. Mathur and S. Dwari, “Compact CPW-fed
ultrawideband MIMO antenna using hexagonal
ring monopole antenna elements,” AEU-Int. J.
Electron. Commun., vol. 93, pp. 1-6, 2018.

[10] A. Bhattacharya, B. Roy, R. F. S. Caldeirinha,
and A. K. Bhattacharjee, “Low-profile, extremely
wideband, dual-band-notched MIMO antenna for
UWB applications,” Int. J. Microw. Wirel. Technol.,
vol. 11, pp. 719-728, 2019.

[11] J. Ren, W. Hu, Y. Yin, and R. Fan, “Compact
printed MIMO antenna for UWB applications,”
IEEE Antennas Wireless Propag. Lett., vol. 13, pp.
1517-1520, 2014.

[12] C. R. Jetti and V. R. Nandanavanam, “Trident-
shape strip loaded dual band-notched UWB
MIMO antenna for portable device applications,”
AEU-Int. J. Electron. Commun., vol. 83, pp. 11-21,
2018.

[13] E. Wang, W. Wang, X. Tan, Y. Wu, J. Gao, and Y.

65



66

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Liu, “A UWB MIMO slot antenna using defected
ground structures for high isolation,” Int. J. RF
Microw. Comput-Aid. Eng., vol. 30, 2020.

L. Zhang, W. Liu, and T. Jiang, “A compact
UWB MIMO antenna with high isolation,” Proc.
IEEE Int. Symp. Antennas Propag., Fajardo, Puerto
Rico, pp. 913-914, 2016.

K. Chhabilwad, G. S. Reddy, A. Kamma, B.
Majumder, and J. Mukherjee, “Compact dual
band notched printed UWB MIMO antenna with
pattern diversity,” Proc. IEEE Int. Symp. Antennas
Propag., Vancouver, Canada, pp. 2307-2308,
2015.

A. H. Radhi, R. Nilavalan, Y. Wang, H. S. Al-
Raweshidy, A. A. Eltokhy, and N. Ab Aziz,
“Mutual coupling reduction with a wideband
planar decoupling structure for UWB-MIMO
antennas,” Int. J. Microw. Wirel. Technol., vol. 10,
pp. 1143-1154, 2018.

M. G. N. Alsath and M. Kanagasabai, “Compact
UWB monopole antenna for automotive commun-
ications,” IEEE Trans. Antennas Propag., vol. 63,
pp. 4204-4208, 2015.

S. K. Dhar and M. S. Sharawi, “A UWB semi-
ring MIMO antenna with isolation enhancement,”
Microw. Opt. Technol. Lett., vol. 57, no. 8, pp.
1941-19486, 2015.

A. Toktas, “G-shaped band-notched ultra-wideband
MIMO antenna system for mobile terminals,” IET
Microw. Antennas Propag., vol. 11, pp. 718-725,
Apr. 15, 2017.

Y. Li, B. Yu, H. Shen, L. Zhu, and G. Yang, “An
8-port planar UWB MIMO antenna for future 5G
micro wireless access point applications,” 2017
Appl. Comput. Electromagn. Soc. Symp., Suzhou,
pp. 1-2, 2017.

Y. Dong, Y. Li, K. Yu, and Y. Wang, “High
isolation design of a two-element planar UWB-
MIMO monopole antenna,” 2017 Appl. Comput.
Electromagn. Soc. Symp., Italy, Florence, pp. 1-2,
2017.

H. Huang and Z. Zhang, “Mutual coupling
reduction of a very compact UWB-MIMO linearly
tapered slot antenna using a simple stepped slot,”
2017 Appl. Comput. Electromagn. Soc. Symp.,
Suzhou, pp. 1-2, 2017.

ACES JOURNAL, Vol. 36, No. 1, January 2021

Yantao Yu received the B.Eng. degree (1 class honors)
and the Ph.D. degree both from the National University
of Singapore, in 2004 and 2009, respectively. From
2008 to 2009, he worked at Motorola Electronics Pte
Ltd, Singapore, as an RF Engineer. From 2009 to 2010,
he was a Research Fellow with the National University
of Singapore. He is currently an associate professor in
the School of Microelectronics and Communication
Engineering, Chongging University, China. His research
interests include analysis and design of antennas/arrays,
RF & microwave circuits and special topics in array
signal processing, Internet of Things, collaborative
communications.

Shenshen Mao received the B.S. degree from the
Chongging Normal University, China in 2016. She is
now working toward the Master degree in the Chongging
University. Her research interests include antenna/array
design.

Meng Li received the B.Eng. degree in 2017 and the
Master degree in 2020 from the Chongging University,
China. His research interests include design of antenna/
array and microwave circuits.

Danting He received the B.Eng. degree from the Anhui
University of Technology, China in 2018. She is now
working toward the Master degree in the Chongqing
University. Her research interests include antenna/array
design using TCM analysis.




 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210224102405
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     1
     TR
     1
     0
     0
     435
     74
     0
     1
     R0
     8.0000
            
                
         Odd
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     114
     112
     bd430a51-676e-4b91-8a28-114ae40e2317
     57
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20210224102411
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     1
     TR
     1
     0
     0
     435
     74
    
     0
     1
     R0
     8.0000
            
                
         Even
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     114
     113
     7f741b74-36e3-4165-8aed-155a6cfbb647
     57
      

   1
  

 HistoryList_V1
 qi2base





