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Abstract:

5G antenna is so compact size but has to get large bandwidth, high gain and good radiation
efficiency to be able to support huge data rate for 4.0 revolution industry. In this paper, a novel 4x4
multiband Multiple Input Multiple Output (MIMO) antenna is designed. Using the semi-circle
structure, the proposed antenna not only achieves wide band but also is easy to optimize operate
frequencies at millimeter wave band. Besides, the 4x4 MIMO antenna gets high isolation without
distance from edge to edge of single antennas thanks to using round Electromagnetic Band Gap
(EBG) structure. Based on Roger RT5880, the antenna patch gets a compact size of nearly 15 mm?,
operates at three band of 28 GHz, 38 GHz and 43 GHz of 5G mobile bands with the bandwidth of
7.14%, 9.74% and 24.84%, respectively. All simulation results are based on CST software.
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Tom tat:

Anten 5G bang tan milimet tuy kich thudc nhé nhung lai yéu cau bang thong rong, hé s6 khuéch dai
cao, hiéu sudt blc xa tdt d€ c thé cung cp téc dd truyén tai dir liéu 16n, dap (ng dudc yéu cau
truyén théng 4.0. NOi dung bai bdo dé xuat cau tric anten MIMO 4x4 da bang hinh ban nguyét kép,
dat bang rong, dé& dang t6i uu tan s6 cdng hudng, ('ng dung cho truyén thong béng tan milimet. Bén
canh do, anten con s dung thém cdu tric dai chdn bang tan EBG hinh tron nham nang cao dd
cach ly khi cac anten don dat sat canh nhau khong cé khoang cach. S dung vat liéu Roger RT5880,
anten dat kich thudc birc xa nhé gan 15 mm?, hoat dong tai ba b&ng 28 GHz, 38 GHz va 43 GHz cua
truyén thong di dong 5G bang tan milimet v8i do rong bang thong tuang Ung 7.14%, 9.74% va
24.84%. Cac két qua dé xuat déu dugc thuc hién trén phan mém mé phéng da dugc thuong mai
hoa CST.

Tu khoa:
5G, MIMO, da bang, anten, EBG.

1. INTRODUCTION advanced incredibly from the first to the
The wireless communication system has  fourth generation and is going to be in the
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fifth one (5G) [1]. 5G technology is
estimated to work at millimeter wave
whose frequency spectrums are 24.25-
27.5 GHz; 27.5-29.5 GHz; 37-40.5 GHz;
42.5-43.5 GHz; 45.5-50.2 GHz; 50.4-52.6
GHz; 6-76 GHz and 81-86GHz [2] in
which the bands of 28GHz and 38 GHz
are under consideration the most. These
millimeter wave bands would bring new
challenges in implementation of antennas
[3] such as multiband, wide band and
MIMO one.

To make multiband antenna, there are
several methods that have been proposed
such as meandering the main radiating
element [4], using fractal method [5] or
introducing slot on the ground plane [6].
These techniques achieve multiband
operation but get the performance
degradation. Another technique is using
multi-stacing or multi-shorting pins [7].
However, this method is not only
complex to fabricate but also needs much
effort in assembling the antenna to get
multiband operation.

Besides, MIMO antenna systems require
high isolation between antenna elements
and a compact size for application in
portable devices. There are many methods
have been proposed for improving the
isolation between antenna elements in the
MIMO system such as using transmission
line decoupling technique; neutralization
line technique covering the patch by
additional dielectric layers; using shorting
pins for cancellation of capacitive
polarization currents of the substrate but
most of them apply for the bands which
are less than 10 GHz. There are a few
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researches to improve isolation for MIMO
antenna designs which operate at
millimeter wave bands [8]-[12]. However,
almost these studies have focused on the
applications for single band antenna
design and a few for dual band MIMO
antenna system. The design of MIMO
antenna with high isolation for triple band
or more is still a huge challenge in MIMO
system for handheld applications.

In this paper, a triple band MIMO antenna
using round EBG structure with high
isolation is proposed. The patch of double
semi-circle structure has achieved tri-band
operation at 28 GHz, 38 GHz and 43 GHz
for 5G millimeter wave applications. The
total dimension of 4x4 MIMO antenna is
16.36 x 18.26 x 0.79 mm? that is compact
for handheld portable devices.

2. ANTENNA STRUCTURE

Figure 1 shows a recursive procedure of
forming double semi-circle for making
multiband antenna.

Figure 1. Recursive procedure of forming double
semi-circle antenna
Firstly, dimension of radiating patch need
to be calculated according to the desired
resonant frequency. There are three
different operating frequencies for the tri-
band operation. The lowest 28 GHz
resonant frequency is calculated by the
lager circle while the 38 GHz resonant
frequency is determined by the smaller
circle. The circumscribed radius of each
circle, a, is calculated approximately by
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the following equations [13]:

F
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8.791x10°
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where & is the dielectric constant, f, is the
resonant frequency and h is the height of
the substrate.

After that, the combination of two above
single antennas is formed and it makes the
third band by the difference between two
semi-circles. Finally, the feed line is
optimize to match with the antenna
through a quarter wave transformer and a
characteristic impedance of 50 Q is
obtained approximately by the following
equations [13]:

Z
_0 1207
Eorrx [+ 1393 + 2 in (W + 1.444)) @
&g+1 & -1 h12

where &« Is the effective dielectric
constant and W is the width of the feeding
line. The single antenna gets a total size
of 11x11x0.79 mm®.

The geometric structure of the proposed
tri-oband MIMO antenna is shown in
Figure 2. The MIMO model is
constructed by placing two antenna
elements side by side in horizontal as well
as vertical at the distance of about 0.5 at
28 GHz resonant frequency from circle
center to circle center. From edge to edge,
the distances between patches are so tiny.

The smallest distance is about 0.96 mm
which is equal 0.0896) at 28GHz.
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(a) Top plane

(b) Bottom plane

Figure 2. The proposed multiband MIMO
antenna

To reduce the mutual coupling between
MIMO elements for all three bands of
antenna, a novel EBG structure which is
developed from non-periodic and round
EBG structure [14] is proposed and
placed among patches. This structure has
a cross shape which is made of four parts.
Each part is a non-periodic and round
EBG and makes a multi-band decoupling
structure as shown in Figure 3.

®

®

(b) Equivalent circuit

Figure 3. The proposed EBG structure
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Table 1. Dimension of the EBG structure

Parameter | Value Parameter | Value
(mm) (mm)
r 0.3 d, 6.5
r 0.265 d, 4.25
h 0.79

3. SIMULATION RESULTS

The performance of the proposed MIMO
antenna as well as EBG structure have
simulated in CST software.

3.1. Band-gap characteristic of EBG
structure

The S12 parameter of EBG structure is
shown in Figure 4. It is obvious that there
are two an average of 20dB reduction in
the transmission coefficient. Optimizing
by CST simulation, we get two stop bands
of 17GHz-29.5 GHz and over 33 GHz
frequency band. Thus, it is suitable for
decreasing mutual coupling for multiband
MIMO antenna which operates at 28

GHz, 38 and 43GHz bands of 5G
application.
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Figure 4. Simulated transmission coefficient
of the proposed round patch EBG structure
with different d1 and d;
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3.2. 4x4 multiband MIMO antenna with
EBG

The simulation results of the reflection
coefficients of 4x4 double semi-circle
MIMO antennas using round patch EBG
structure are shown in Figure 5. It is
clearly seen that here are three
frequencies at which resonance occurs.
They are 28 GHz, 38 GHz and 43 GHz
with large bandwidth of 2 GHz, 3.7 GHz
and 10.68 GHz, respectively. These
bandwidths cover four bands of 5G which
are 27.5-29.5 GHz; 37-40.5 GHz; 42.5-
43.5 GHz; 45.5-50.2 GHz.

Thanks to cross EBG structures, the
mutual  coupling  between antenna
elements is quite low with the S12 get
under -15 dB at nearly all over operating
bands. It is the same for Enveloped
Correlation Coefficient (ECC) which is
one of important factors in MIMO
antenna. ECC of the proposed 4x4 MIMO
antenna can be obtained using formula
show in Equation (6) where i=1 to 4, j=1
to 4, and N=4 [15].

lpe (i, j, N)|
|Zg=1 S:N SN,j|

\/|Hk_(=i,j)[1 — Yn=1SinSn]|

Using CST software, the correlation
factor curve of the proposed MIMO
antenna at three bands is shown in Figure
6. From this figure, the tri-band MIMO
antenna using round EBG structure has
the simulated ECC lower than 0.02 for all
interest bands. Therefore, it is quite
suitable for mobile communication with
a minimum acceptable correlation
coefficient of 0.5 [16].

(6)
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Figure 5. The S parameters of MIMO antenna
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Figure 6. ECC curve for MIMO antenna

The 2D radiation patterns of the proposed
MIMO antenna are shown in Figure 7
with high directivity. The antenna gain
gets 6.05 dB, 7.49 dB and 7.43 dB at 28
GHz, 38GGHz and 43 GHz respectively.

Farfield Gain Abs (Phi=90)

farfield (f=28)
=== farfield (f=38)
Phi=270 =.=+ farfield (f=43)

30

Theta / Degree vs. dB

Figure 7. The 2D radiation pattern
of the proposed antenna

The radiation efficiencies are rather good.
The antenna radiation gets 78%, 88% and

86% at 28 GHz, 38 GGHz and 43 GHz
respectively as shown in Figure 8.
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Figure 8. The efficiency of the proposed antenna

4. CONCLUSION

In this paper, a compact multiband MIMO
antenna using double semi-circle structure
as well as the cross structure of round
patch EBG is proposed. The total MIMO
antenna occupies a small area of
16.36 x 18.26 x 0.79 mm® on the RT5880
substrate and can operate at 28 GHz, 38
GHz and 43 GHz. The MIMO antenna
gets the large bandwidths which are
2 GHz, 3.7 GHz and 10.68 GHz,
respectively. These results are able to
apply for the wide bandwidth of four
bands of 5G application which are 27.5-
29.5 GHz; 37-40.5 GHz; 42.5-43.5 GHz;
45.5-50.2 GHz.
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