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Abstract— A Multiple Input Multiple Output (MIMO) antenna with high isolation is proposed in this paper. The proposed
antenna includes two sets of four elements (2 x 2) and it is yielded at the central frequency of 5.5 GHz for Wireless Local
Area Network (WLAN) applications. Based on RT5880 with height of 1.575 mm, the overall size of MIMO antenna is
140 x 76 x 1.575 mm°>. To get high isolation between antenna elements, a Defected Ground Structure (DGS) is integrated
on ground plane. Besides, the MIMO antenna witnesses a large bandwidth of 9.1% and an efficiency of 90% while the
pick gain is 8.5 dBi. The measurement results are compared to simulation ones to verify the performance of the proposed

antenna.
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1 INTRODUCTION

Nowadays, microstrip patch antennas are commonly
used in modern wireless systems thanks to their advan-
tages, for example: light weight, easy fabrication and
integration into PCB circuits. However, there are some
performance limitations in them such as narrow band-
width, low efficiency and gain. Many different solutions
have been proposed, for instance: gain enhancement
including: defected ground structure (DGS) [1], reflec-
tive surface [2], electromagnetic band gap (EBG) [3],
bandwidth enhancement consisting of DGS [4], para-
sitic strips [5] and so on. One of the most attractive
method to improve antenna parameters is DGS because
of its ease in fabrication and low cost. DGS is an
etched periodic or non-periodic cascaded configuration
defect in ground of a planar transmission line, e.g.,
microstrip, coplanar and conductor backed coplanar
wave guide [6]. By adjusting sizes of DGS, we can
obtain the desired resonant frequency.

Besides, along with the rapid development of mobile
communication technology, people’s demand on high
data rates and high reliability is becoming an urgent
issue. There are two ways to increase the data trans-
mission rate that is enhancing the channel bandwidth
or increasing the number of transceiver antenna [7].
Multiple Input Multiple Output (MIMO) is a tech-
nology which allows increasing capacity and spectral
efficiency through signal processing in both time and
space domain. Currently, MIMO technology has been
considered the best solution for most of the prob-
lems in wireless communication [8]. However, when
antennas are placed close together, mutual coupling
appears. Mutual coupling is the electromagnetic in-
teraction between antenna elements in array. Mutual

coupling decreases not the antenna efficiency, but also
can change the radiation pattern of antenna as well.
Therefore, mutual coupling is an urgent problem that
needs to be solved. Many works have been conducted to
improve parameters for antenna [9-11]. In [9], although
the isolation between antenna elements is quite high
(30 dB), gain of antenna is only under 6 dBi. In another
document [10], although the bandwidth percentage
of antenna is very high (96.2%), mutual coupling of
antenna is quite high (14 dB). In addition, the peak
gain of antenna in this work is only 4 dBi. Similarly, the
bandwidth percentage of antenna in [11] only achieves
5% (at central frequency of 5.8 GHz) although the
isolation of antenna is acceptable (19 dB).

For this reason, this paper proposes a DGS to im-
prove parameters for antenna. The proposed DGS is
a compact and planar; therefore; it is easy for fabri-
cation. The proposed structure is applied for a MIMO
antenna including two sets of four elements (2 x 2).
The antenna is yielded at the frequency of 5.5 GHz
for Wireless Local Area Network (WLAN) applications
with the bandwidth of 500 MHz corresponding to the
bandwidth percentage of 9.1%. In addition, the mu-
tual coupling between elements is under -20 dB while
the gain and efficiency are 8.5 dBi and over 90%, re-
spectively. The characteristics of the proposed antenna
are demonstrated by Computer Simulation Technology
(CST) software and validated by the measurements.

2 DEsiGN oF MIMO ARRAY ANTENNA

2.1 The Proposed Defected Ground Structure

Firstly, the model of the proposed DGS and its equiv-
alent circuit are shown in Figure 1. The idea of the

1859-378X-2020-1205 © 2020 REV



N. N. Lan: Mutual Coupling Reduction in Microstrip Antennas using Defected Ground Structure 39

% : Ju %‘: u 3
§L3
. L

(@)

L1 L
TTT

(b)

Figure 1. The model of the DGS: (a) the proposed structure; (b) the
compensation structure.

proposed DGS is derived from the dumbbell-shaped
DGS in [12]. By modifying the shape of structure, the
paper has got a new structure. The proposed structure
includes two rectangular shapes and they are connected
to each other by a microstrip line. The proposed DGS is
a planar structure, and it is, therefore, easy fabrication
and low cost. To make a variety of parasitic capacitances
(C) and inductances (L), the paper utilizes both the
compensation structure and the proposed structure.
While the compensation structure generates capaci-
tances, the proposed structure produces inductances.
This leads to an ease in optimization and achieves the
better parameters for antenna.

2.2 Design of Single Array

Initially, a single array is designed for WLAN and
its geometry is illustrated in Figure 2. It consists of
four microstrip patch elements (2 x 2) connected to-
gether through power dividers placing on the dielec-
tric substrate and the proposed DGS integrated on
metal plane ground. Being on Rogers RT/Duroid™
5880 substrate with thickness of 1.575 mm, er = 2.2
and tané = 0.0009, the overall size of the proposed
antenna is 72 x 72 x 1.575 mm® while the distance
between elements is approximately Ag/2, where Ag is
the wavelength in free space at the frequency of 5.5
GHz. Based on formulas in [13], the paper get a patch

W
W’
ws
/
/
—L‘l, ] 100
S
’ d
(a)
H Wdes -
[ j’ ] 1
%ﬂdgs? l dgs
[ ” + ]
lc:afg:n‘r
: ldgszl '

b g [ ]

L

Z

(b)

Figure 2. The model of the proposed array: (a) front view; (b) back
view (dark colour for metal and light colour for substrate).

dimension of 20.5 X 12 mm. Meanwhile, the proposed
DGS is integrated on the backside of the substrate layer.

The size of the DGS is wygs X ljgs while the length of
the microstrip line for connecting two rectangles is /451 .
In addition, an indispensable component in antenna
array is power dividers. To match impedance for them,
transformers of A/4 are utilized, then, the impedance
of transformers of A/4 is calculated as formula in [14].
These are equal power dividers, therefore, they are
designed in order that the parameters of 521 and S31
are -3 dB. In other words, the power level at port 1 is
twice times the one at port 2 and 3. Table I shows some
parameters of the proposed single array while Figure 3
presents S-parameters of the power divider. Here, the
reflection coefficient at port 1 and power levels at port 2
and 3 of the power divider at the frequency of 5.5 GHz
are approximately -28 dB and -3.2 dB, respectively.
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Table I
SOME PARAMETERS OF THE PROPOSED SINGLE ARRAY (DEFINED IN
FIGURE 2) OF THE PROPOSED ANTENNA ARRAY

Parameters | Value (mm)| Parameters | Value (mm)
W 72 L 72
wp 20.5 Iy 12
Ws 1 I 5
de 27 Wigs 40
Lags1 20 c 4
l100 29 Iso 45
l7() 9.3 l]oo_z 14
ds 1 ligs2 2.5
ldgs:% 10 wdgs4 13.75
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Figure 3. The parameters of the power divider.

2.3 Design of MIMO Array Antenna

The model of the MIMO array antenna is shown
in Figure 4. The proposed antenna consists of two
symmetrical sets of four elements (2 x 2) on the top of
the substrate. The distance between radiation patches
in the MIMO antenna is approximately A/2 while the
closest gap from edge to edge of the two arrays is 6.5
mm. The antenna is realized on Roger5880™ substrate
with the dimension of 140 x 76 x 1.575 mm®.

In order to enhance isolation for MIMO antenna, the
DGS is integrated into the ground plane. The ground
plane includes 3 cells of DGS with the distance from
center to center between them of 42.5 mm. Here, the
size of the DGS is 32 x 57 mm. By adjusting some
parameters such as Wigs2, ldgs2/ ldgsg, dngI Leut, Weut,
we can obtain the desired resonant frequency. Table II
shows some parameters of the MIMO array antenna.

3 RESuULTS AND DiscussioNs

A. Simulation Results
3.1 Single array antenna

Figure 5 shows the reflection coefficient of the single
array. From Figure 5, we can see that the return loss of

Table 11
SOME PARAMETERS OF THE MIMO ARRAY ANTENNA
Parameters | Value (mm)| Parameters | Value (mm)
1% 72 L 140
dg 5.05 Wegs2 32
ldgsZ 18 ldgsg 21
ddgs 425 Weut 35
lcut 59
W _
d,
L
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ldgs3 lcm‘
v = JNc =
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Z
(b)

Figure 4. The model of the MIMO array antenna: (a) top view; (b)
bottom view.

Freguency [GHz]

Figure 5. The reflection coefficient of the single array.

the antenna at the frequency of 5.5 GHz is -28 dB while
the bandwidth is 830 MHz. In this case, the bandwidth
is extended by making at least two consecutive resonant
modes. It is clear that use of DGS on ground plane
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Figure 7. The simulated results of S-parameters with and with-
out DGS.

made consecutive cavity resonators and this leads to
creating resonant modes. Utilizing DGS not only en-
hances bandwidth for antenna, but also keep efficiency
at high level. Here, the gain and efficiency of the
antenna reach 7.3 dBi and 87%, respectively.

Figure 6 illustrates the xz and yz planes of the
proposed. The antenna has the directivity of 7.8 dBi
while the angular width (3 dB) is 40.5 degree.

3.2 MIMO Array Antenna

As mentioned above, the goal for using DGS in
MIMO array antenna is to reduce mutual coupling. This
characteristic is illustrated in Figure 7, which displays
a comparison of S-parameters in two cases of without
and with the DGS.

As shown Figure 7, the isolation of antenna without
DGS is only 10 dB while with case of DGS, this value
is greater than 20 dB although the distance between
elements is 30 mm (the distance between elements with
DGS is 27 mm). It is clear that there is a significant
improvement in mutual coupling between antenna el-
ements when DGS is used. This can be explained as
following: The use of DGS causes a disturbance in
current distribution [15] and this leads to current re-
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Figure 8. Simulated gain, S11 and S21 for the different widths of DGS.

disposal of antenna. The principle of gain enhancement
as well as mutual coupling reduction, the author is pre-
sented more detailed in [16]. Then, we can adjust this
distribution by changing the dimensions of DGS. As a
result, the most currents are concentrated an identified
place while the other places are limited. Therefore,
the isolation of antenna is enhanced. In addition, by
making parasitic inductances and capacitances, the size
of an element is also reduced when DGS is used (the
dimensions of an element are 19.5 x 19.5 mm without
DGS and 19 x 12.5 mm with DGS). This shows that
using DGS not only enhances isolation for antenna,
but also reduces size for antenna. However, there is
always a tradeoff in techniques which are used for
improving parameters of antenna. In this case, utilizing
DGS changed the position of the main lobe. Normally,
if the place of the main lobe is at 0 degree, the main
lobe place is 18 degree. However, this is acceptable.

Using DGS not only reduces mutual coupling, but
also enhance bandwidth for antenna and this is also
illustrated in Figure 7. If the bandwidth at -10 dB
of antenna 620 MHz with DGS this data is only 240
MHz without DGS. Here, there are at least two created
resonant modes and as a result, the bandwidth of an-
tenna is improved, Moreover, the efficiency of antenna
is remained at high level with 90%.

Figure 8 illustrates simulated gain, S11 and S21 for
the different widths of DGS (wges in Table II). Al-
though the 521 values are guaranteed under -20 dB
in three cases, gain and S11 achieve the best values
with 'Z/Udgsz = 32.



42 REV Journal on Electronics and Communications, Vol. 10, No. 1-2, January-June, 2020

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Enveloped Correlation Coefficient

T 1
4.0 45 5.0 55 6.0 65 7.0
Frequency [GHz]

Figure 10. The ECC of the proposed array antennas.

Figure 9 shows the xz and yz planes of the proposed
MIMO array antenna. The gain of the proposed array
antenna gets 8.5 dBi while the angular width (3 dB) is
37.4 degree. Besides, another important parameter in
MIMO system to determine diversity performance is
the envelope correlation coefficient (ECC). Here, ECC
is defined as follows [17]:

Pe = |ST1512 + 551522|2 (1)
e — .
(1 —|5ul* - |521|2) (1 —[52f* - |512|2)

Figure 10 and Figure 11 display the ECC and current
distribution of the proposed antenna. From Figure 10
we can see that the ECC of the antenna is very small in
a wide frequency range (under 0.0025 from 5.15 GHz to
5.8 GHz). This shows that the isolation of the proposed
antenna is quite high. Move to Figure 11, there are some
places that the energy flows are concentrated higher
other places (red color).

B. Measurement Results

For verification, the prototypes of the MIMO array
antenna, as shown in Figure 12, are fabricated on

]
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Figure 11. Current distribution of the proposed antenna: (a) MIMO
antenna including 1%t element (left) and 2" element (right); (b) single
antenna.
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Figure 12. The prototypes of the proposed MIMO antenna: (a) single
array antenna; (b) MIMO array antenna.

Rogers RT/Duroid™ 5880 substrate with thickness of
1575 mm, e# = 2.2 and tané = 0.0009. The overall
sizes of the fabricated single and MIMO antennas are
72 x 72 x 1.575 mm® and 140 x 76 x 1.575mm?, respec-
tively. The measured and the CST computed results
for the fabricated MIMO and single array are given in
Figure 13.

As displayed in Figure 13(a), the measured
impedance bandwidth for |[S11] < —10 dB is from
519 GHz to 5.6 GHz corresponding the bandwidth
in percentage of approximately 7.4%. Switch to
Figure 13(b), the bandwidth of the MIMO antenna is
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Table 11T
THE COMPARISON BETWEEN THE PREVIOUS WORKS AND My WORK
References [18] [19] [20] [21] My work
Frequency [GHz] 54 5.8 28/38 5.8 5.5
Bandwidth [%] 38 4.7 14.3/5.26 7.7 9.1
Isolation [dB] 19 22 20 34 20
Efficiency [%] X X 73 53.7 90
Gain [dBi] X X 7.5 5.3 8.2
Size 1.981 x 0.972A X 241 x 1.8A 1.87A x 054 A | 2.56A x 1.39A
0 9
MIMO array
5 8
Single array
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soldering can cause an impedance variation of antenna
207 and this directly affects to impedance matching. As
@ a0 a result, with MIMO antenna, there are a shift in
o [ frequency (S11) and the significant change between
.g 0. simulated and measured S21. However, there is a better
£ result in measurement with single antenna when the
S 504 second resonant mode is very close the simulated
5;' | i_g $ g result and as a result, this mode is also the resonant
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704" [S11]|simu result is acceptable.
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Figure 13. Measured results of the S-parameters: (a) single array
antenna; (b) MIMO array antenna.

500 MHz (9.1%, from 5.16 to 5.66 GHz). In addition,
the mutual coupling of the antenna is under -20 dB
over a wide frequency range. In these cases, there are
differences between measured and simulated results.
This difference can be attributed to the tolerances of
the fabricated antenna array. In addition, the SMA

of the proposed antenna. While the simulated results
of the single array and MIMO array are 7.3 dBi and
8.5 dBi, the measured ones for these figures are 7
dBi and 8.2 dBi, respectively. The gain values of an-
tennas in measurement are lower than the figure in
simulation. This cause may be due to insertion loss
of SMA connectors. However, the difference is very
small. The results in this work have also been compared
with the previous works as shown in Table III. From
Table III, we can see that although the isolation of
antenna [19] is quite high with of 22 dB, however,
the bandwidth percentage is not high (under 5%). In
addition, the parameters of efficiency and gain did
not show in these documents [18, 19]. This is similar
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in [20] when the percentage of bandwidth is only 5.26.
Besides, the efficiency and gain of antenna in [20] are
not high (73% and 7.5 dBi) although the antenna is
yielded at frequencies of 28 and 38 GHz. In another
studying [21], the gain and efficiency are very low (5.3
dBi and 53.7%) although the mutual coupling between
elements in antenna very low (-34 dB). Moreover, there
is a narrow percentage of bandwidth in [21] (7.7%).
With document [18], the parameters are quite good (the
bandwidth of percentage: 38% and the isolation: 19 dB).

4 CONCLUSION

In this paper, a MIMO array antenna including two
sets of four elements (2 x 2) and the proposed DGS

for WLAN applications is investigated. The prototype,

with an overall dimension of 140 x 72 x 1.575 mm?,

yielded a measured bandwidth of 5.16-5.66 GHz (at -10
dB). In addition, by using DGS integrated on ground
plane, the antenna achieves a low mutual coupling
(under -20 dB) in a wide frequency range. Moreover,
the proposed antenna resulted in a peak gain of 8.2
dBi for measurement (8.5 dBi for simulation) and a
total radiation efficiency of 90%. With advantages con-
sisting of low profile, easy fabrication with low cost,
high isolation, wide bandwidth, and compact size, the
proposed antenna is a quality candidate for using in
wireless communication systems in practice.
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