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Abstract: - According to the requirements of communication quality and transmission rate, a compact UWB MIMO antenna
with high isolation is proposed for wireless communication system. The proposed antenna can achieve an ultra-wide band
from 3.3 GHz to above 12 GHz and the isolation higher than 22.5 dB in the whole frequency range. The size of antenna
element is 50 percent reduced by cutting out half of the original antenna element and the frequency band is basically
unchanged. The antenna is composed of two mirror symmetrical antenna elements. An isolation strip is added between two
elements to improve the isolation and a 6dB improvement of the isolation is achieved. The proposed antenna system has
good radiation performance at each observation frequency points. The maximum realized gain is about 4.32dBi and the
radiation efficiency is ranged from 83% to 92% at the passbands. All the results show that the proposed antenna system can
be a good candidate for UWB MIMO communication applications.
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1 Introduction

Ultra wide band (UWB) technology has been widely concerned because of its ultra wide
transmission bandwidth®?l, high transmission rate®®#, high security, low power consumption, low
cost and many other advantages. At the same time, multiple input multiple output (MIMO)P!
technology increases the channel capacity of the communication system effectively and doubles the
spectrum utilization and transmission rate of the communication system by using multiple antennas
at the input and output at the same time. The combination of UWB technology and MIMO technology
can make full use of their advantages and increase the transmission bandwidth and transmission rate
effectively, which has broad application prospects. Therefore, it is of great significance to design an
UWB MIMO antenna with high performance.

As the communication equipment becomes thinner and thinner, the space reserved for the
antenna is smaller and smaller, which makes the antenna develop in the direction of miniaturization.
At present, many methods have been proposed to realize antenna miniaturization, such as bending
technology [, meander technology [, half cutting technology ®, end loading, loading high
magnetic loss materials®™, etc. For MIMO antenna system, the integration of multiple antenna units
will enhance the coupling among the units and affect the radiation performance of the antenna.
Therefore, how to improve the isolation is a difficult problem in the design of MIMO antenna system.
The decoupling methods of MIMO antenna system mainly include adding floor branches ™4, parasitic
branches*?, neutral lines [*°1, etching grooves [**°1 metamaterials (6], etc.

A miniaturized ultra wideband MIMO antenna with high isolation is proposed in this paper. The
antenna can cover the ultra wideband band band of 3.3 ~ 12 GHz. By using the half cutting method,
the size of the antenna is reduced by 50%, and the isolation branch is added between the two antenna
units, so that the isolation between the antenna units is increased by 6 dB, and the isolation is higher
than 22.5 db in the covered frequency band , which has a good isolation effect.

2 Materials and Methods
Figure 1 shows the structure diagram of the proposed UWB MIMO antenna. The antenna system
is composed of two symmetrically placed antenna units with the same structure. The antenna is
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printed on FR4 dielectric board with relative dielectric constant of 4.4 and thickness of 1.6 mm. The
front of the antenna unit is composed of a semicircular radiation patch fed by a 50 Q feeder, and the
back is a slotted grounding plate. In order to reduce the coupling between the two antenna units, a
rectangular isolation branch is placed between the antenna units. The specific structural dimensions of
the antenna are given in Table 1.

Fig. 1 Schematic configuration of the proposed compact UWB MIMO antenna

Table 1 Design parameters of the proposed UWB antenna

parameter dimension/(mm) parameter dimension/(mm)
w 43 L3 4
L 36.5 Lt 3
R 11 Wt 4
W1 2 Ls 4
L1 145 Ws 12
W2 1 C 4

In order to further illustrate the design process of the antenna, Figure 2 shows the structural
evolution diagram of the designed antenna. Antenna (a) is a symmetrical antenna structure, which can
be miniaturized by half cutting method. A half cut antenna is constructed based on the half cut method
as shown in antenna (b). The size of the antenna is greatly reduced. However, the asymmetry of the
half cut antenna leads to the asymmetry of the radiation mode, which reduces the efficiency and gain
of the antenna. In order to overcome these shortcomings, the left and right antenna units are
symmetrically placed on both sides of the dielectric substrate to form 2x2 MIMO system, and in order
to reduce the coupling between antenna units, an isolation branch is added between antenna units as
shown in antenna (c). Figure 3 shows the return loss diagrams of the three antennas respectively. It
can be seen that the frequency band covered by the half cut antenna is basically the same as the
original antenna.

(@) (b) (c)
Fig. 2 The evolution of antenna structure
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Fig. 3 The return loss of three antennas
3 Results and Discussion
Figure 4 shows the S parameters of the proposed UWB MIMO antenna. It can be seen from the
figure that the antenna covers the UWB frequency band from 3.3 to 12 GHz, and the coupling
between antenna units is less than - 22.5 db within the frequency band covered.
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Fig. 4 S-parameters of the proposed compact UWB MIMO antenna with high isolation
In order to verify the decoupling effect of isolated branches, Figure 5 shows the S-parameters
simulation results of UWB MIMO antennas with and without isolated branches respectively. It can be
seen from the figure that after adding decoupling branches, S11 and S22 of the two antenna units
basically have no change, the isolation between antenna units has been significantly improved, and
S21 has been reduced by 6dB mainly in the whole frequency band.
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Fig. 5 Simulated S-parameters of UWB MIMO antenna with isolation strip and without isolation strip
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Figure 6 shows the comparison of current distribution of UWB MIMO antenna with and without
isolated branches. It can be seen from figure (a) that there is obvious coupling current on the right
antenna unit when no isolation branch is added. After adding the isolation branch, as shown in figure
(b), the coupling current disappears basically. Therefore, it can be concluded that the isolation effect
of the isolation branch is good.
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Fig. 6 Simulated current distribution of UWB MIMO antenna (a) without isolation strip (b) with isolation strip

Figure 7 shows the radiation patterns of antenna 1 and antenna 2 at different frequency points. It
can be seen from the figure that the radiation modes of the two antenna units have complementary and
symmetrical characteristics at the same frequency point, which is conducive to combating multi-path
fading. At the same time, this structure also offsets the asymmetry of radiation mode caused by the
asymmetry of the half cut antenna and makes up for the lack of antenna efficiency and gain. It can be
concluded that the radiation effect of the two antenna elements is good at each frequency point. Figure
8 shows the gain and radiation efficiency of the whole antenna. It can be seen from the figure that the
radiation efficiency of the antenna in the whole frequency band is between 83% ~ 92% and the
maximum gain is 4.35 DBI.

Finally, the designed antenna is processed into a physical product, so the S-parameters of the
antenna measured and simulated can be compared with each other, as shown in Figure 8. It can be
seen from Figure 9 the measured results are consistent with the simulated ones mainly, and the little
error between them are caused mainly by the error of the antenna in the processing process, the
influence of SMA welding and the influence of test environment.

Antenna 1 Antenna 2
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Fig. 7 Radiation patterns for Antl and Ant 2 at different frequencies
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Fig. 8 Antenna gain and radiation efficiency of the proposed UWB MIMO antenna
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Fig. 9 Measured and simulated S-parameters of the proposed UWB MIMO antenna

4 Conclusion

A compact UWB MIMO antenna with high isolation is proposed in this paper. The antenna is
miniaturized by half cutting method and high isolation is achieved by adding isolation branches. The
proposed antenna can cover the UWB band of 3.3~12 GHz, and the isolation is higher than 22.5 db.
By cutting half of the original symmetrical antenna, the size of the antenna unit is reduced by 50%, at
the same time the half cut antenna can still cover the frequency band of the original antenna, but the
asymmetry of the antenna after half cutting leads to the asymmetry of the radiation mode which
reduces the efficiency and gain of the antenna.Therefore a 2X2 MIMO antenna system is constructed
in order to overcome this shortcoming. By placing an isolation branch between the two antenna units,
the isolation is effectively improved. The results show that the compact UWB MIMO antenna has
excellent performance and can meet the requirements of wireless communication system.

Compliance with Ethical Standards
Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, author-ship,
and/or publication of this article.

993



J. Electrical Systems 20-3 (2024): 989-994

Data Sharing Agreement
The datasets used and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Research involving Human Participants and/or Animals
Not applicable.

Funding
This paper was supported by Funding Scientific research project of Hunan ProvincialDepartment
of Education (Grant No. 22C1099).

Reference

[1] Dong J, Wang S, Hu G.-Q. Design of reconfigurable ultrawide band antenna with switchable single/dual /triple band notch
functions[J]. Applied Computational Electromagnetics Society Journal, (ACES), 2019, vol. 34, no. 1, pp. 121 - 127.

[2] Khurshid A, Dong J, Shi R.-H. A metamaterial-based compact planar monopole antenna for Wi-Fi and UWB applications[J],
Sensors, 2019, 19(24), 5426.

[3] Wang F, Duan Z-Y, Li S-F, and et al, Compact UWB MIMO antenna with metamaterial-inspired isolator[J], Progress In
Electromagnetics Research C, 2018, Vol. 84, 61-74.

[4] Chen Xianming, Yang Yadong, Liu Shuhuan. A compact high-isolation UWB MIMO antenna[J]. Electronic Components
and Materials, 2016, 35(1): 58-60)

[5] Wang Rongrong, Liu Mingwei. A compact dual-polarized UWB MIMO antenna design[J]. Electronic Components and
Materials, 2018, 37(4): 75-78.

[6] Dong J, Yu X, L Deng. A decoupled multiband dual-antenna system for WWAN/LTE smartphone applications[J]. IEEE
Antennas and Wireless Propagation Letters, 2017, vol. 16, pp.1528-1532.

[7] Pan G, LiY, Zhang Z and et al. A compact wideband slot-loop hybrid antenna with a monopole feed[J], IEEE Antennas and
propagation, 2014,62(7): 3864-3868.

[8] Yang Bing. Research and design of compact UWB printed antennas[D]. Huazhong Normal University, 2018.

[9] Liu Ying, Li Pei, Li Zhi Design of a low profile high gain broadband antenna[J], Electronic information countermeasure
technology, 2021,36(04):92-96

[10] Shi Xiaolin, Zhao Zhigiang Design of a small aperture Vivaldi antenna array[J], Electronic information countermeasure
technology, 2020,35(05):61-63+88

[11] Dong J, Wang S, Mo Jinjun. Design of a twelve-port MIMO antenna system for multi-mode 4G/5G smartphone applications
based on characteristic mode analysis [J]. IEEE Access, 2020, 16(1): 90751-90759.

[12] z. Li, Z. Du, M. Takahashi, K. Saito, and K. Ito. Reducing mutual coupling of MIMO antennas with parasitic elements for
mobile terminals[J], IEEE Trans. Antennas Propag., 2012, 60(2): 473-481.

[13] Sun Q, Sun B, Sun L, Huang W, and Ren Q. Broadband Two-Element Array With Hybrid Decoupling Structures for
Multimode Mobile Terminals[J]. IEEE Antennas and Wireless Propagation Letters, 14: 1431-1434, 2019.

[14] Abdalla M A, lbrahim A A. Compact and closely spaced metamaterial MIMO antenna with high isolation for wireless
applications[J]. IEEE Antennas and Wireless Propagation Letters, 2013, 12:1452-1455.

[15] Wang Lili, Du Zhonghong, Yang Hailong. Dual band-notch ultra-wideband multiple-input multiple-output antenna with
high isolation[J]. High Power Laser and Particle Beams, 2020, 32(6):1-7.

[16] Yu K, Li Y, Liu Y. Mutual coupling reduction of a MIMO antenna array using 3 - D novel meta - material structures[J].
Applied Computational Electromagnetics Society Journal, 2018, 33(7): 758-763.

994



