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Abstract: A compact Multiple input Multiple output (MIMO) patch antenna with Electromagnetic Band Gap (EBG) structure
to provide high isolation and defected ground for sub-6 GHz UWB 5G application is presented. The proposed design
comprises of two symmetrical radiating semi-circular patch antenna with stubs and slots separated by a slotted EBG structure
with the size of 30 x 30 mm2. The performance of the antenna is also been studied under the topics of impedance bandwidth,
radiation patterns, envelope correlation coefficient and gain. The proposed design resonates at 3.7GHz and 5.05GHz with a
return loss of -40dB and -35dB respectively and has a bandwidth of 3GHz to 5.05GHz and ECC less than 0.007 throughout the
band. The proposed antenna is designed and simulated using Computer Simulation Technology (CST)..
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1. Introduction

The rapid development of Wireless Technologies resulted in the escalating demand for next generation i.e.,
5G.For many wireless devices, antenna plays an important role at its end terminal The Fifth generation network is
classified into sub-6GHz band and mm Wave band. The sub-6GHz band refers to the spectrum that is under 6
GHz. This low frequency spectrum can travel faster with low penetration loss, which makes it ideal for 5G
application [8].

The proposed design has been composed of Flame Retardant 4 (FR4) substrate that is sandwiched between
copper patch and copper defected ground plane. The FR4 material has an excellent mechanical strength and high
insulating qualities at low cost. With the properties such as relative permittivity of 4.3, permeability of 1 and loss
tangent of 0.025, it becomes an ideal material for substrate [1]. At low cost, Copper patch with copper ground
furnish maximum gain with minimum return loss as copper has high electrical conductivity of 59.7 x 108 S/m[2].

The Ultra wide Band (UWB) spectrum covers the frequency range between 3.1 GHz — 10 GHz [3,4]. This
unlicensed spectrum is approved for commercial wireless communication which leads researchers to design
compact antennas for UWB applications[5,6,7,15]. The UWB antennas have a large channel capacity that helps in
transmitting signals with low power and high noise immunity [3,10].

The high transmission rate with stable communication quality without the need of extra power and bandwidth
is incurred by implementing Multiple Input and Multiple Output (MIMO) technologies. In MIMO antennas,
Mutual coupling is an undesirable parameter [1,3,4,5]. The Electromagnetic Band Gap structure is used to provide
high isolation between the symmetric structures to reduce mutual coupling [10]. Implementing 5G Antenna with
UWB and MIMO technologies promise high data speed, large channel capacity, good quality and low latency
[9,10].

The described antenna’s design and its geometry with simulation and results have been examined within the
assist segments of this paper.

2. Antenna Design Evolution
Individual monopole antenna

A semi-circular patch antenna with a stub and slots along with a defected ground structure with the size of 30 x
30 x 1.6 mm? was initially designed as shown in Fig.1. The antenna is designed with FR-4 substrate with dielectric
constant of 4.4sandwiched between copper patch and substrate of thickness 0.035 mm?2. The monopole antenna is
fed through 3.5 mm? feed line. The single patch antenna resonates at 4.37GHz with a return loss of -66dB and has
a Bandwidth of 3.7 GHz to 5.05 GHz is observed from the S11 plot shown in Fig.2. To advance the progress of
the execution of the antenna for the specified application we are further moving with MIMO technology. The
proposed design and simulations are performed using Computer Simulation Technology (CST).
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Fig.1. (a) single patch antenna with stub and slots (b)Defected ground structure
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Fig.2. The Return loss of the individual patch antenna
3. MIMO Arrangement

The antenna is further implemented with 2x2 MIMO design to improve the performance. Mutual coupling is
an important parameter when it comes to MIMO and it is undesirable between the radiating elements[24,25]. To
eliminate the mutual coupling, the radiating elements must be isolated. It can be achieved by incorporating the
Electromagnetic Band Gap (EBG) structure between these elements of this compact antenna[24-26].Thus, the
antenna design have been evolved to MIMO structure with EBG structure as shown in the Fig 3(a) with the size of
30 x 30 x1.6 mm?. The Dimensions of the antenna parameters are furnished in Table 1.

The execution and the achieved results of this MIMO antenna will discussed in the further sections of this
paper.
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Fig.3. (@) MIMO Arrangement with EBG (b) Defected ground Structure

Table 1.0Optimised Dimentions of the proposed antenna

Parameters Dimension
(mm)
Substrate length 30
Substrate width 30
Substrate thickness 1.6
Radius of semi-circle patch 5
Feed length 15
Feed width 35
Ground length 3.34
Ground width 30
Ground stub length 5
Ground stub width 6.875
Patch stub at centre length 3
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Patch stub at centre width 2
Patch slot length 2
Patch slot width 1
Patch centre slot length 35
Patch centre slot width 1
Isolation length 30
Isolation width 2
Isolation stub length 1
Isolation stub width 3
Isolation slot length 0.5
Isolation slot width 0.5
Distance between slots in isolation 1

4, Results and Discussion

Return Loss:

Return loss is characterized by the proportion of the input power of the antenna to the power reflected back
from the source.When the feed applied to the radiating element, portion of the signal gets reflected by a
discontinuity in a micro strip line feeder. It is measured in decibels (dB).It indicates how perfectly the impedance
of the patch elements are matched. In general for an antenna the return loss must be less than -10dB[9-25].From
Fig.4, The return loss of the proposed design with and without isolation is perceived. The antenna with EBG
resonates better than the antenna without EBG at 3.7GHz and 5.05GHz with a return loss of -40dB and -35dB
respectively and has a Bandwidth of - 3GHz to 5.05GHz.
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Fig.4.(a) S11 of the MIMO structure with defected ground with and without EBG
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Fig.4.(b)S21 of the MIMO structure with defected ground with and without EBG

VSWR:

The Voltage Standing Wave Ratio is a numerical measure that defines how good the micro-strip patch antenna
and feed line are matched to their impedances. The VSWR is calculated by,

VSWR =12
1-p

Where, p is the reflection coefficient.

For an ideal antenna the minimum VSWR is 1, where no power is reflected from the antenna. But
themaximum acceptable VSWR of an antenna is that it must be less than 2[9-25]. The VSWR for the proposed
MIMO antenna is less than 2for the range of 3 GHz-5.5GHz as shown in Fig.5.
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Fig.5. VSWR plot of the MIMO antenna

Gain of the antenna is an important parameter which merges the directivity and efficiency.It is described as
how much incident power is transformed as radio signals [10-20].Fig.6, illustrates the gain that is obtained from

the MIMO antenna with EBS.
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Fig.6. Gain of the MIMO antenna
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Radiation pattern:

In reality no antenna is isotropic, so the directive radiation pattern of our antenna is shown below; we have
shown the plots for the resonant frequency i.e. 3.9 and 5.05GHz.In Fig.7 (a) the radiation patterns are optimum at
30°, 120°, and 180°.In Fig.7 (b) the radiation patterns are optimum at 110,180 and 90 degrees.
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Fig.7. Far field directivity where (a) frequency=3.9GHz (b) frequency=5.05GHz
ECC:
Envelope Relationship Coefficient describes about how autonomous two antenna's radiation designs are from

each other. Distinct polarization, i.e. one vertical and other horizontal will imply ECC to be 0. The allowable
restrain of ECC is not more than 0.5 and anything less than 0.3 is much better [9-25].

The ECC can be calculated from the S parameters using the formula,
. IS?ISQ + S;ISQ;;JZ
(1 = 181312 = 18511 = 18,12 = 15151%)

Pe

Fig.8. gives the ECC of the proposed structure with EBG and without EBG. The Isolation of the elements
using Electromagnetic Band Gap structure improves the ECC which is less than 0.007 throughout the band.
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Fig.8. ECC with and without isolation

Ref. Antenna Orientation | No.of Bandwidth | Isclation ECC Peak
Size (mm) of Antenna elements (GHz) (dB) Gain{dB)

#7 36x 22 parallel 2 2-18GH=z =13 =<0.003 5

=8 20x35 parallel 2 334-387GH=z =20 =0.012 234

#3 19x 30 parallel 2 3.1-106 GH=z =18 =0.13 12-29

#13 30x175 parallel 2 3.13-320GH=z =20 =0.001 20

=4 130x73 parallel and 2 36GH= =11 0.1 -

orthogonal

=24 30x30 parallel 2 2.3-14.3GH= =20 =0.04 43

Proposzed 30x30 parallel 2 30.30GH= =10 <0.007 5

Diversity Gain:

It is characterized as how much the transmitted power can be diminished to other interferences due to various
sources of noise. [9-23]

From the below Fig.9 it can be observed that the diversity gain over the entire operating band is more than
9.965.

Diversity Gain = 10v1 — ECC2
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Fig.9. Diversity gain of the proposed MIMO antenna
Surface Current:

To get more in-depth analysis into surface current patterns of the proposed antenna, the stimulated results are
shown in Fig. 10 a) at 3.9Ghz and in Fig. 10 b) at 5.05GHz. At lower frequency the current is majorly distributed
in both the patches but as the frequency increases the current is majorly distributed at one side of the patch which
is evident from the given below figures.
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(b)
Fig.10. Surface current of the proposed MIMO antenna at (a) frequency=3.9Ghz (b) frequency=5.05Ghz

Impedance

The SMA 50 connector impedance is 50 ohm, so our antenna’s impedance should be nearer in the range of 50
ohm in order to reduce the reflection at the load and thereby achieving the maximum power transfer between
connector and antenna[20].
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Fig.11. Impedance of the antenna

The above results show’s us the impedance is nearer to 50 ohms in the band of our interest i.e. 3.9 to 5.05Ghz.
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Fabricated Antenna:

(b)
Fig.12. (a) Fabricated patch antenna with stub and slots (b)Defected ground structure

5. Comparision With Existing Antennas

To evaluate the adequacy of the proposed MIMO structure, Table 2 appears as comparison of parameters
between existing antenna and the proposed antenna. From the comparison, it is taken note that the proposed
MIMO antenna is compelling than existing UWB MIMO antennas. The proposed MIMO antenna has an optimum
return loss and good ECC over the operating frequency band with compact size and has low mutual coupling.

6. Conclusion

This work presents the importance of isolation in the MIMO antenna with the help of Electromagnetic Band
Gap Structure. The novel semi-circular patch antenna with slots and stub along with Defected Ground Structure is
proposed. The compact 30x30 mm2MIMO structure with EBG provides optimum results that satisfy the specified
application.The proposed MIMO antenna system has mutual coupling <20 dB over 3.9-5GHz frequencyband. It
also has ECC<0.007 and diversity gain >9.9 which is very ideal for a MIMO antenna.Hence, the proposed antenna
with Defected Ground and the Electromagnetic Band Gap structure for isolation is ideal for UWB sub 6GHZ
application.
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