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Abstract— In this paper, a compact MIMO antenna consisting
of four single element antennas operating at 28 GHz is proposed
using Rogers RT5880 with g,=2.2 and tand=0.0009. In order to
make this antenna more compact, distance between radiating
elements was reduced, however this increased the isolation
between them. To achieve high isolation EBG structures are
placed between patches. Initially the spacing between radiating
elements was 1.4 £ and the mutual coupling was above 29 dB but
when we reduced the size with distance between antennas to 0.75
A the isolation decreased and with EBG structure, this high
isolation is achieved. By using EBG structure isolation is
increased by factor of 10.3%, and the operating frequency and of
this antenna is from 26.99 GHz-29.49GHz.
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I.  INTRODUCTION

In this era wireless communication has become an
important part of our life and play a major role. Historically,
wireless technology developed from the first generation (1G)
to fourth generation (4G) and every technology was better than
its previous one. With the fast evolution in wireless
communication, the usage of wireless systems is also
increasing day by day due to which congestion in a network
occurs, to avoid it wireless communication community is
focusing on 5G technology which will improve the quality of
communication as it has higher transfer speeds and lower
network latency. In wireless communication, antennas are
considered as basic part of the system. There are various types
of antennas for different applications. In recent years, several
types of antennas are being studied and designed for 5G. In the
field of antennas MIMO play a major role because it can send
and receive more than one signal simultaneously over the same
channel. After the designing of antennas mutual coupling
between radiating elements remained an issue and to reduce it
many techniques were and are being used.

Recently a lot of work has been developed to study the
techniques for improvement of isolation between radiating
elements. In [1] two types of antennas, four U-slits and four
L-slits are etched and these antennas are placed orthogonally
to reduce mutual coupling, with the operating frequency band
is from 2.6-2.8 GHz and better isolation is achieved but it has
very complex structure and greater size. The metal strip
reflector is used between two coplanar strip line staircase-
shaped radiating elements in [2] to enhance isolation and the
operating frequency band is from 3.1-10.6 GHz but the
drawback is that this occupy greater area. Slot technique is
used to improve isolation between the patches in [3], its
operating frequency band is from 3-4.5 GHz but it resides in
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larger area. To further suppress the mutual coupling a parasitic
T-shaped strip between radiating elements is employed in [4],
it has greater area. The frequency band is from 3.08-11.8 GHz.
In [5] better isolation is achieved but the area covered by the
antenna is much greater. The proposed work is improved from
[1]- [5] as it is well isolated with a compact size.

This work is about reduction of size and mutual coupling
between radiating elements, for this a 4x4 MIMO antenna with
EBG structure is designed at frequency of 28 GHz. This paper
is organized in a manner that section Il covers antenna design
and section 111 cover detailed parametric analysis. Likewise,
Section IV addresses about simulated results and conclusions
in section V.

II.  ANTENNA DESIGN

The single microstrip patch antenna is designed and then
converted into a 4x4 MIMO (multiple input multiple output)
antenna. We reduced the size of the substrate to such an extent
that our required results are achieved at that specific point and
after reduction of size the center to center distance is
7.5(0.75K), so the antenna size is decreased about 30% width
wise. Reduction of size caused mutual coupling between the
closely placed patches. So, in order to suppress that mutual
coupling, we used a Z-type EBG (Electromagnetic Band Gap)
structure [6] on the substrate and between the patches to
increase isolation of the antenna as shown in Fig. 1.
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Fig. 1. MIMO Antenna with EBG

The EBG (Electromagnetic Band Gap) structure on the
substrate between the patches was designed to increase
isolation between the patches and the width of slot of is 0.3 mm
and as shown in Fig.2 are of different length which are given
in table below. A single column of EBG consisting of three Z-
type structures shown in Fig.2 is placed vertically in between
patches their lengths are equal to the total length of single
element antenna and also a structure consisting of four Z-type
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structures are placed horizontally in between patches and its
length is 12.42 mm.
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Fig. 2. EBG structure

Table I. Design Parameters of the Antenna

Parameters Symbol Value (£)

Length of substrate L1 2.18

Width of substrate Sw 1.57

Length of patch L4 0.26

Width of patch Wi 0.39

Length of transformer L3 0.25

Width of transformer Tw 0.03

Length of feeding line L2 0.36

Width of feeding line Fw 0.22

Width of single EBG structure W3 0.02

Length of single EBG Structure L5 0.14

Width of single EBG structure W2 0.13

I1. PARAMETRIC ANALYSIS
A detailed parametric analysis is carried out to have a better
understanding that what is the effect on parameters if we
change the length or width of patch or EBG structure. By
applying optimetrics following results are achieved
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Fig. 3. Simulated S11 for Parametric Analysis of EBG

Table Il.  Optimetrics on EBG(S1;)

Width of EBG (mm) Return Loss (dB)
0.3 -20
0.4 -22
0.5 -23
0.6 -24

The results shown in Fig. 4 and Fig. 5 show that if we
change the length if the patch and width of patch then what
will be the effect of this change on results.

The optimetrics on length show that if the length is changed
there is a slight change in return loss otherwise our antenna
does not under go any major changes and operates on our
desired frequency as the graph shows in Fig. 4 below
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Fig. 4. Simulated Results of Patch Length

The optimetrics on width in Fig. 5 show that if the width of
patch is changed the operating frequency is changed but return
loss remains the same. Antenna does not operate at our desired
frequency on any width other than 2.8mm.
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Fig. 5. Simulated Results of Patch Width

After performing this analysis, we selected the most
suitable parameters of EBG and the patch at which our
required results are achieved at our operating frequency

IV. RESULTS

Results shown in Fig.6 shows that without
EBG(Electromagnetic Band Gap) the Si; is slightly better than
the one with EBG(Electromagnetic Band Gap) as Si1 without
EBG(Electromagnetic Band Gap) is almost -26 dB and Si1
with EBG(Electromagnetic Band Gap) is almost -20 dB less
than the Ilimit -10 dB but we designed the EBG
(Electromagnetic Band Gap) structure in order to increase
isolation decreased by reduction of size then isolation between
closely placed patches is better with EBG(Electromagnetic
Band Gap) than without EBG(Electromagnetic-Band-Gap).
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Fig. 6. Simulated S11 of MIMO with and without EBG
While S12, S13, S14in Fig. 7 shows that isolation is increased
by using an EBG (Electromagnetic Band Gap) structure
between patches because without EBG (Electromagnetic Band
Gap) the peak value is almost -26 dB and with EBG the value

is -29 dB, so the required isolation is achieved.
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Fig. 7. Simulated Si5, S13, S14 0f MIMO with EBG

Radiation patterns of MIMO antenna are shown in the Fig.
8 The radiation pattern along YZ and ZX plane are achieved.
These radiation patterns indicate that this antenna is directional
in nature as its major lobes are in one direction and minor lobes
are in other directions and the major lobe show the direction of
the antenna and this is because of more than one radiating
element being used.

- =YZ Plane
— ZX Plane

AN

P

J“

Fig. 8. Radiation Pattern in YZ plane

V. CONCLUSION:

In this research, a MIMO antenna is designed and
discussed. In this antenna, a z-type EBG structure is placed
between patches to reduce mutual coupling. After the
simulation the mutual coupling is reduced up to -29 dB, and
high gain of 8.6 dBi is achieved. It covers 2.5 GHz of
bandwidth, and the frequency band ranges from 26.99 — 29.49
GHz with high isolation.

Table llI. Comparison between Reviewed papers and our proposed work
Reference Technique Gain(dBi) BW(GHz) Size (£%)
[1] U-slit etched and L-slit etched PIFAs 3 26-28and3.4-3.6 13.2x6.60x0.90
[2] Open L-shaped slot and a narrow slot on the ground plane 4.2 3.1-10.6 3.01x3.01x0.07
[3] Two coplanar strip line fed staircase-shaped 5.2 3.1-10.6 2.35x2.83x0.15
[4] A parasitic T-shaped strip between the radiating elements 3 3.08-11.8 3.63x3.63x0.15
[5] Rectangular slots on each side of the ground plane 4.9 27-36 4.71x9.43x0.28
Work Proposed EBG structures between radiating elements 8.67 26.99 - 29.49 2.46x1.58x0.08
|JERTV9I S090250 www.ijert.org 420

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

Published by : International Journal of Engineering Research & Technology (IJERT)

http://lwww.ijert.org I SSN: 2278-0181
Vol. 9 Issue 09, September-2020

VI. REFERENCES

[1] G. Li, C. Liang and H. Zhai, "Isolation-lmproved Dual-Band MIMO
Antenna Aray for LTE/WiMAX Mobile Terminals," IEEE Antennas and
Wireless Propagation Letters, vol. 13, pp. 1-4, 2014.

[2] J. Ren, W. Hu, R. Fan and Y. Yin, "Compact Printed MIMO Antenna for
UWB Applications,” IEEE Antennas and Wireless Propagation Letters,
vol. 13, pp. 1517-120, 2014.

[3] K. T. Roshan, U. Deepak, R. V. Sajitha and K. Vasu, "A Compact UWB
MIMO Antenna with Reflector to Enhance Isolation," IEEE Antennas
and Wireless Propagation Letters, vol. 63, pp. 1873-1877, 2015.

[4] L. Kang, H. Li, X. Wang and X. Shi, "Compact Offset Microstrip fed
MIMO Antenna for Band Notched UWB Applications,” IEEE Antennas
and Wireless Propagation Letters, 2015.

[5] H. T. Chattha, "4-Port 2-Element MIMO Antenna for 5G Portable
Applications,” SPECIAL  SECTION ON ANTENNA AND
PROPAGATION FOR 5G AND BEYOND, vol. 7, pp. 96516-96520,
2019.

[6] B. Mohamadzade and M. Afsahi, “"Mutual coupling reduction and gain
enhancement in patch array antenna using a planar compact
electromagnetic bandgap structure,” IET Microwaves, Antennas &
Propagation, vol. 11, no. 12, pp. 1719-1725, 2017.

[7] C. Balanise, Antenna Theory, New Jersey: Wiley, 2005.

[8] Zi-Jian Han, Wei Song and Xin-Qing Sheng, "Gain Enhancement and
RCS Reduction for Patch Antenna by using Polarization-Dependent EBG
surface,” IEEE ANTENNAS AND WIRELESS PROPAGATION
LETTERS, "2017.

[9] M. Alibakhshikenari, M. Khalily, B. S. Virdee, C. H. See and R. A. Abd-
Alhameed, "Mutual Coupling Suppression Between Two Closely Placed
Microstrip Patches Using EM-Bandgap Metamaterial Fractal Loading,"
IEEE Antennas and Wireless Propagation Letters, vol. 7, pp. 23606-
23614, 2019.

|JERTV9I S090250 www.ijert.org 421
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org
www.ijert.org

