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Four-port multiple-input multiple-output (MIMO) antenna with defected ground structure (DGS) is investigated. In this study proposed design
performs operations at diverse frequencies (1.8GHz NB-loT band, 2.4GHz ISM band, 3.1GHz sub 6 GHz, Wi-Max, and 4.8GHz 5G connectivity
band). The antenna is excited by a microstrip transmission line. The proposed MIMO antenna occupies a compact area of 20cm*15cm with
isolation of less than -15dB among all ports. Radiation characteristics such as return loss and bandwidth are also taken. MIMO performance
metrics in terms of Envelop correlation coefficient (ECC), diversity gain (DG), total active reflection coefficient (TARC) and mean effective gain

(MEG) are also taken for satisfactory diversity performance.
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INTRODUCTION

MIMO communication is the need for a non-Line of Sight (LOS)
environment in next-generation wireless communication. Diversity
techniques can supply, several replicas of the same information
signal transmitted over independently fading channels to the
receiver. MIMO systems are having implementation challenges
that are reviewed in the literature.* MIMO antenna with diversity in
polarization, frequency, and space is designed and analyzed.?®
MIMO antenna offers high gain, superior data rate, range, and
reliability without the need for additional bandwidth or power.
Multiple antennas with multiple bands having wide bandwidth are
needed for next-generation wireless communication systems. The
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circularly polarized antenna gives a high gain at 2.4 GHz for
WBAN application as mentioned in the literature.® MIMO antenna
is facing a major problem due to mutual coupling. A lot of
investigation was carried out for reducing this coupling between the
antenna elements. One of the techniques for mutual coupling
reduction is defective ground structure (DGS).1® DGS provides
additional current paths, input impedance, inductance, and
capacitance to improve bandwidth. Bandwidth can be improved by
changing the length and width of the slots.!! Parasitic elements are
also used with patch antenna which leads to frequency
reconfiguration.’**® High isolation is achieved by using a
metamaterial wall between orthogonally placed planar antenna
elements as given in the reference.* The decoupling meta material
configuration based on the fractal electromagnetic bandgap
(EMBG) structure significantly improves the separation between
the transmit and receive antenna elements of a densely packed patch
antenna array.'® Different methods have been observed in the
survey based on single feed or dual feed, Coplanar waveguide
(CPW) feed, using passive components like register, capacitors,
and stub/slot/slits resonating structures to create perturbation in the
path of the electric field which excites two orthogonal current
modes of the same magnitude and quadratic phase difference.®
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MIMO configurations described in the literature use different
decoupling structures to achieve low mutual coupling between
radiating elements such as parasitic elements” and meandered lines
strips.’®* A MIMO system with a Cylindrical Dielectric Resonator
(CDR) antenna gives a dual performance as ultra-wideband and
narrowband functionality with a modified feeding structure.* DRA
structure with MIMO uses out of phase magnetic field which results
in increased isolation up to 25 dB within antenna elements as given
in the literature.?® 5G mm-wave application using dual-band quad
polarised transmit array?* shows the higher gain and higher
aperture efficiency with polarization diversity. Four parallel-fed
monopole elements with Super Wide Band MIMO antennas which
gives isolation of 20 dB with metallic barriers between elements
were presented in referred literature.?? fully metallic (seven-layer),
circularly polarized Fabry—Perot cavity antenna using laser cutting
technology at 300 GHz shows high gain (16.5dB).2 A MIMO
antenna for ISM band application with a significant reduction in
mutual coupling (46 dB) and cross-polarization is presented by
using a simple string of H-shaped DGS.?* A quad-port MIMO
antenna is reported which has 3.5 GHz (3.4-3.6 GHz) and 4.9 GHz
(4.8-5 GHz) frequency bands showing isolation of 16.5 dB.% A
5.875 GHz self-decoupled dual-beam MIMO antenna using SIW
technology is presented which shows the isolation of 31.65 dB and
peak gain of 6.15dB without any decoupling network.’ Inverted L-
shaped strips along with steeped folding strips and neutralization
lines promo the cancellation of the coupled induced current
between the elements.® By parasitic layer with an air gap in 2*2
MIMO antenna using coplanar waveguide feed show 50%
reduction in mutual coupling.?® The Circular Polarization radiation
is achieved by embedding three oval slots, in which two of which
are deployed at the left and right side of the concentric rings,
whereas the third one is deployed at the top section of the concentric
rings in two-port MIMO antenna which gives better impedance
bandwidth and axial ratio bandwidth.?® In square patch
complementary split-ring resonator and placing a single shorting
post close to the antenna center line, higher-order modes of the
four-port dual-band MIMO antenna are then suppressed while
maintaining satisfactory mutual coupling (<—11 dB) and impedance
matching (<—15 dB) performance in the operating band.*®
Depending on the application and required frequency band,
different techniques are proposed for improving diversity
performance in MIMO antenna. Each method is having
advantages as well as limitations. In this study proposed design
operates at diverse frequencies (1.8 GHz, 2.4 GHz, 3.1 GHz, 4.8
GHz), excited by a microstrip transmission line.

EXPERIMENT AND RESULTS

Four-port MIMO antenna is designed with four rectangular patch
antennas. It is designed with four resonating frequencies such as 1.8
GHz, 2.4 GHz, 3.1 GHz, and 4.8 GHz. The rectangular microstrip
patch antenna is the most versatile and commonly used structure in
the design of a patch antenna. In this design for substrate glass
epoxy material (FR-4) is used which is very cost-effective. It is
having a dielectric constant of 4.3 and a thickness of 1.6 mm. The
ground plane and conducting patch are made of copper material
with a thickness of 0.035 mm. The following design equations are
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used for calculating the length and width of the rectangular patch
by specifying resonating frequency, dielectric constant, loss
tangent, and thickness.!

For calculating the width of the patch antenna following equation
is used.

c 2
w=—
2fr 4 E4+1

)

w is the width of the patch, C is the velocity of light, €, is the
dielectric constant, and £, is resonating frequency.
The length of a patch is calculated by
L.y is the effective length calculated with the following
equation.

c
Leff - \/Ereffzfr (3)

AL is the length extended on both sides and given by the
following equation.

(Erefrro)(j5+0.264)

((Ereff—o.zss)(%*'o'g))

AL

s 0.412

(4)

where €, is the effective dielectric constant given by the
following equation.

Er+1 4 Er-1 1
€err=—, T, <—(1+L*"S)> (5)
w

where hs is substrate thickness (1.6mm). The length and width
of the four patches are shown in the following table.

Table 1 Dimension for four patches with frequency.

Patch No. Length Width Frequency
(mm) (mm) (GHz)
1 51.19 40.77 1.8
2 29 38 2.4
3 16.71 29.74 3.1
4 19.19 14.25 4.8

For all patches, inset feed is used. Microstrip line with inset feed
is preferred for bandwidth improvement in RMSA.% Frequency
diversity/switching can also be achieved by adding PIN diodes
along with patch elements.® Different types of array antenna are
also preferred for 5G applications.®* The ground plane is modified
by meandered lines for improving the mutual coupling between
ports. The front view and back view of this structure are shown in
Figure 1(a) and (b) respectively.

The proposed structure is designed and simulated in CST
microwave studio. Radiation parameters such as return loss,
bandwidth, impedance, VSWR, directivity, beamwidth, side lobe
level, and gain for the individual patch are measured. Pattern
diversity is observed between patches 1 and 2 as well as between
patches 3 and 4.
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Figure 1. MIMO structure (a) Front view (b) Back view

S PARAMETERS

The scattering parameter (S11) is plotted against frequency
which gives return loss for resonating frequency. As shown in
Figure 2 for patchl three resonating frequencies (S11=2.42, 3.74,
and 4.56 GHz) are obtained. It shows return loss as -16.26, -49.26,
and -13.01 dB respectively. It gives impedance bandwidth of 130
MHz, 220 MHz, and 360 MHz respectively.
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Figure 3. Return loss curve for Patch 2
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Figure 4. Return loss curve for Patch 3

It has less bandwidth i.e., 60 MHz with impedance bandwidth
of 100 and 160 MHz respectively.
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Figure 2. Return loss curve for Patch 1

For patch 2 return loss curve is shown in Figure 3. As shown here
it is resonating at 4.8 GHz with a return loss of —20.18 dB. The
bandwidth obtained is 270 MHz while the impedance bandwidth is
360 MHz.

For patch 3 return loss curve is shown in Figure 4. It has two
resonating frequencies 1.73 and 2.79 GHz. As seen from the
graph it has a return loss of -24.53 and -10.67 dB respectively.
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Figure 5. Return Loss curve for Patch 4

For patch 4 return loss curve is shown in Figure 5. It has two
resonating frequencies i.e. 3.1 and 4.75 GHz. The figure shows S11
are -26 dB and -40.46 dB respectively. 10 dB bandwidths are 110
and 163 MHz while impedance bandwidths are 192 MHz and 270
MHz respectively. Isolation between ports is plotted concerning
frequency.
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Figure 6. Isolation comparison between ports 1, 2 and 3, 4

Ports 1 and 2 and ports 3 and 4 are having isolation as S21 and
S43 as shown in Figure 6. The figure shows S21=-41.19 dB and
S43=-50.79 dB respectively at 3.74 GHz.
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Figure 7. Isolation comparison between ports 1, 3 and 2, 4

Similarly, isolation between ports such as S13 and S42 is shown
in Figure 7, which indicates S13= -37.91 and S42 = -48.53 dB
respectively.
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Figure 8. Isolation comparison between ports 1, 4 and 2, 3

As shown in Figure 8, isolation between portsl and 4 i.e. S41,
and between ports 2 and 3 i.e. S32 shows, isolation for the complete
frequency range is from -40 to -90 dB.

MIMO PARAMETERS

MIMO parameters such as Envelop Correlation Coefficient
(ECC), Diversity Gain (DG), Total Active Reflection Coefficient
(TARC), and Mean Effective Gain (MEG) are measured in the
following sections.
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ECC

The port-to-port correlation between two antennas in a spatial
diversity system is defined for receive mode and is calculated in
two steps. In the first step radiated far field components are
determined (E o and E o) for the individual port excitations by
considering the transmit mode and keeping all other antenna ports
terminated in a matched load. The second step uses statistical
angular probability distribution (Py and P ) and cross-polar
discrimination Z of the incoming wave. The envelope correlation
coefficient from radiated fields is obtained by using the following
equation. The acceptable value of ECC is less than 0.5.

|ff:,,[51 (6.9)XE, (B,(p)]d_{) |2

ECC12 = — — ;
[yl 00| a2 [1,,|E; 0.0)| a2

(6)
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Figure 9. ECC (a) between ports 1 and 2 (b) between ports 1 and 3
and (c) between ports 1 and 4.

ECC can be calculated either by using S parameters or far-field
patterns here it is taken from S parameters as shown in Figure 9. As
can be seen from Figure 9 a, b, and c it is well below 0.01.
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DIVERSITY GAIN Table 2. Comparison of the proposed antenna with the literature
Diversity gain between ports can be Reference Isolation Dimensions Eleme Bands Gain ECC
obtained by finding the correlation Paper No. techniques nts
coefficient between branch signals and 1 Shorting 150 x 150 mm2 4 699-798 MHz 2 dBi <0.1
the signal-to-noise ratio in each branch. strips 2.2-2.4 GHz
It can be calculated from s parameters 1.7-2.0 GHz
as well as from far fields. The 3.5-4 GHz
acceptable value should be 10 dB. Itis |, Decoupling 117 x 65 x 6 727-1066  159-9dBi  0.027
shown in Figure 10. network 0.762 MHz
As indicated in Figurel0 (a) and stubs 1.7-1.9 GHz
diversity gain between ports 1 and 2 5.5-5.8 GHz
varies from 9.9 to 10 dB in a complete 6 T-shaped 30%30x%1.6 4 18-27GHz 5.23 dBi <0.06
range of 1 to 5 GHz. In ports 1 and 3, it 13 Meandered 116x58x%1.6 2 2.45 1.2 dBi <0.5
varies from 10 to 9.95 dB as given in line 35
Figure 10(b), whereas in ports 1 and 4 Proposed  DGS 200x150x1.6 4 2.36-2.48 9.15dBi 0.01
as indicated in Figure 10(c) it is from 10 MIMO Meandered GHz
t0 9.995 dB. It means it is approaching Line 2'2'73"?8?"'2
the ideal value. GHz
Div_Gain from 5_2
10.r)nv,y,\,d\,n\/w.\mI FRTERTY /" AA TARC - - B -
L P ||J|I 1 f ;UU 1}/ e The total Active Reflection Coefficient (TARC) is a MIMO
5998 T ' f \ “ parameter that determines incident power to the radiated power. It
:z:: il ( \J ' can be calculated from the s parameter with the following equation.
5999 | \I \ | J('Sii+5ijej9|A2)+(|Sii+5jjej9|"2)
oo N N S A SO Here S;j and S are reflection coefficients between ports and S;
001 | 'I , : and S;ji are isolation between ports. ® is the input feeding phase,
! 2 Frequell?::\rfGHz 4 s where the phase angle is taken 0 degrees. TARC should be less than
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Figure 10. Diversity gain between ports (a) port 1 and 2 (b) port 1
and 3 (c) port 1 and 4
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10 dB. After calculation, its value is -31.08 dB, which is
acceptable.

MEG

Mean effective gain is calculated from S-parameters. It is a
measure of how much electromagnetic power it receives in a
multipath environment. It is calculated from the following
equation.?

MEG = 0.5(1 - X¥_,[sij]1 *2) (8)

Where Kk is a number of antennas, here k is four. MEG is
calculated for each port, and it is less than 3 dB which is acceptable.
The proposed MIMO antenna is compared with the existing MIMO
antenna from the literature in Table 2. It compares isolation
enhancement techniques used, dimensions (compactness), number
of elements, number of bands obtained, Gain, and ECC.

DISCUSSION

The proposed MIMO antenna is compared with the existing
MIMO antenna from the literature in Table 2. It compares isolation
enhancement techniques used, dimensions (compactness), number
of elements, number of bands obtained, Gain, and ECC. Directivity
obtained are 5.52(f=1.8GHz), 7.72 (f=2.4GHz), 7.44(f=3.1GHz),
8.57(f=4.8GHz). VSWR varies from 1.11 to 2.2. Isolation between
ports varies from -10 dB to - 50 dB. MIMO parameters such as ECC
(0.01), DG (-10dB), TARC (-31dB), MEG (-3dB) are also in

J. Integr. Sci. Technol., 2023, 11(2),482 Pg 5



acceptable range. From obtained results it is showing enhanced gain
of 9.15 dBi which is most preferable for wireless communication.

CONCLUSION

From parametric study, proposed design shows it is applicable
for Personal Area Network (PAN) devices operating at 4 different
frequencies 1.81 GHz (loT band), 2.4 GHz (ISM band), 3.1 GHz
(Wi-Max), and 4.8GHz (5G connectivity band) with larger
directivity up to 8.57dB. At portl it gives triple band operation.
Directivity and gain increases with frequency.
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