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. INTRODUCTION

This year will see the deployment of fifth genesatiwireless technology (5G).
Presently available 5G mobile phones as well agntisi 5G C-band laptops are now
available. MIMO technology should be used to insee@ata transmission speed. Some
mobile phone antenna design techniques [1]-[4] leaen described for 5G MIMO antenna
design, and the majority of them are developedsutd monopoles or slots.

Large bandwidth, large data speeds, and low latemegmunication are in high
demand right now. The standard Long-Term EvolufiohE) and LTE-advanced (LTE-A)
communication systems may not be able to addressrder of use cases, Communication
systems in the fifth generation (5G) may be ablel@bver sufficient bandwidth with low
latency. Numerous frequency bands, including the, Imid, and high bands, are being
researched for usage in various 5G new radio (N#R)aases. In order to provide a wider
coverage than millimetre waves band and a largedwalth than the low frequency band to
support some 5G use cases, such as mission-crémaications and Enhanced Mobile
Broadband, the EU has designated the C-band ofregdiency band at 3.6GHz (3.4GHz to
3.8GHz) as the primary band for 5G [1]. (eMBB). Asresult, a C-band 5G antenna's
impedance bandwidth should be approximately 400MHz

By utilising multiple pathways for data transmissiand reception, multiple input
multiple output (MIMO) or several antenna deployinthnique significantly increases the
data throughput, channel capacity, and link reliighin wireless communication systems [2].
For MIMO antennas to provide strong throughput,agrepectrum efficiency, and overall
superior antenna performance, high isolation is ofethe prerequisites (low mutual
coupling). Without using additional materials (suddcoupling structures) or extending the
distance between the antenna elements, antenngnéesifrequently achieve excellent
isolation between the antenna pieces, resulting larger antenna and higher production
costs.

The suggested antennas must either have a lowrentexalised gain (maximum
5dBi) or a constrained bandwidth in order to beahle for 5G C-band communication
systems. Decoupling structures have also been toskdsen the mutual coupling between
the antenna parts, increasing the cost of producAdfour-element MIMO antenna for sub-
6GHz 5G communication systems is described in T8].enhance the performance of the
antenna, including the mutual coupling betweenathi&nna components, it has been loaded
with split-ring resonators (SRRs). It achievesfum, a 440MHz bandwidth, 2.98dBi gain,
and a -15dB mutual coupling. Although it satisfiae bandwidth requirement, the antenna
performance can be enhanced by increasing gain. ufiisation of a four-port MIMO
antenna with micro strip feed lines for 5G C-bandhmunication systems is reported in [6].
Gain, 5dBi, -17dB of mutual coupling, and 350MH=z all achieved. Additionally, the
bandwidth is 10dB. Although it has a good gain, 408z of bandwidth is needed to cover
the 3.4GHz-3.8GHz airwaves set aside for EU nations

In contrast to previously published research [2;-1B¢ goal of this work is to

propose a 5G C-band antenna with a bandwidth afraf@O0OMHz and a greater strength
(>5dBi). Additionally, it should increase throughpul5dB) and mutual coupling (-15dB)
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without requiring longer distances between antgyarés or decoupling structures. Thereft
a novel desig strategy for an eig-element slotted MIMO antenna with a partial groi
plane is suggested. In order to increase bandvedthsatisfy the needs of the 5(-band
communication systems, we applied to properly desigd optimise the slots on the pa
and ground plane. In addition, it causes the curfeow to primarily focus around th
feedline, slots, and partial ground plane of theited antenna element, greatly reduc
current flow to other elements and enabling a lowual coupling to be achied without the
need for a decoupling structure or a longer disgdretween the antenna eleme

1. ANTENNA DESIGN

Geometry for proposed8-Port ‘MIMO antenna’ having two frequency rejecti

characteristics is shown in F-1.
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Figure1: (a): Front of the Antenna
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Figure 1: (b): Back of the Antenna

Copyright © 2022 Authors Page | 294



Futuristic Trends in Network & Communication Tecloges
ISBN: 978-81-959356-1-1
IIP Proceedings, Volume 2, Book 19, Part 3, Chapter
COMPACT 8-PORT MIMO ANTENNA FOR C-BAND AND 5G APPOATIONS

An eight-port "MIMO antenna" with four asymmetriloged A-shaped patches, four
symmetric T-shaped patches, and a modified platie partial ground is the first step in the
design process in order to provide a wide frequeesponse. For the entire bandwidth, a
rectangular sheet with two lines is added to imprawpedance matching, isolation, and
bandwidth between the two antenna element pairs.gfbund plane had SRR placed onto
the back of each radiation element, and patch elesead CSRR imprinted on them in order
to acquire our results within the frequency ranfy@.6 - 9.5GHz.The proposed structure was
built on ‘FR4-epoxy substrate’ having thicknessada 1.6-mm, withe, (dielectric constant)
equal to 4.4, tangent los8) (equal to 0.0023. The physical dimensions of tteppsed ‘8-
Port MIMO antenna’, which having small size of 60%6m?, are listed in Table 1.

Table 1: Physical Dimensions of the Antenna

Parameters h L w L1 Wi | L2
Values (mm) 1.6 60.0 60.0| 14 6.0 16.0
Parameters W2 L3 W3 | L4 w4 | -
Values (mm) 2.0 18 4.0 36.0| 28.0 -

[11.DISCUSSION AND RESULTS

1. Scattering parameters for MIMO antenna: In the following subsection, the Scattering
Parameters of the proposed 8-Port ‘MIMO antennaistoiction includes the terms
Reflection Coefficient, Z-Parameters, and Anterma\htenna Isolation is discussed in
depth.

Reflection coefficient: The modelling and measurement graphs of the reflect
coefficient for the proposed MIMO antenna are digptl below. The varied choices for
isolation enhancement have resulted in the MIM@mamas having a somewhat different
10 dB bandwidth than the recommended single-elerastégnna. It is evident that the
antenna has excellent impedance matching throughouitle frequency range between
7.5 and 9.5 GHz, which translates to a fractioraldwidth of 15.9% in relation to the
primary operating frequency. Because of the symynietthe form and placement of each
antenna element, each antenna has nearly simiteesor the reflection coefficient. A
small difference in the measured reflection coedfits among the antenna elements is
due to measurement limitations. The combined resuibur ports' reflection coefficient
(in dB) is shown in Fig. 2, while the remaining fquorts are being isolated.
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Figure 2: Reflection Coefficient Curve of the Antenna

Z-Parameters. The Z parameter is used to calculate an antennalgyqfactor, whicr
can provide information on the achievablbandwidth. Z(ant)=R+jX, wher
R=R(rad)+R(Loss), allowing you to infer the lossesl efficiency in some way. It mig
be helpful for figuring out an antenna equivaleirtuwt model. Fig. 3 displays tt
computed and measure-parameter plot of the propab&IMO antenne
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Figure 3: Z-Parameter Curve of the Antenna

Antenna to antenna isolation: The degree to which two antennas are connect
gauged by their isolation from one another. Antemwation is often assessed

antennas that are part the same product, such as the distance betweeG R anc
WiFi antennas on a smartphone. When offered in &y, the isolation should be

wide as possible.

For antennas that share a common ground plane asutte diversity and prima
cellular antenas on a smartphone, isolation at the lowbandbeaas low a-10 dB or
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less. The isolation will lower the efficiency of thoantennas. Figure 4 displays
proposed MIMO antenna’s simulated and measureatigolplot
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Figure 4: Isolation of the Antenna

2. Far-Field parameters for MIMO antenna: In the following subsection, the I-Field
Parameters of the proposed CompePort ‘MIMO antenna’ construction include t
terms 3D Polar Plot and gain is discussed in de

3-D polar plot: The Polar Plois a plot that depicts the transfer function of flysterr
G(jm) on a complex plane in polar coordinates. The rpplat representatic depicts a
plot of magnitude vs. phase angle on polar cootdswaith variation ino from 0 toco.

The simulated and theeasured -D Polar plots of the proposed MIMO antenna is sh
in Fig.5.

Gain Plot 1

8 i)

Figure5: 3-D Polar plot of the Antenna
Gain: That portion of the radiation intensity in a givdirection corresponding to

certain polarisation divided by the radiation irdiéy that would be obtained if tt
antenna’'s power was radiated in an isotropic mafiter sum of the partial gains for a
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two orthogonal polarizations is the (total) gainaof antenna in a given direction. Losses
due to impedance and polarisation mismatches armciaded in the gain. If an antenna
has no dissipative loss, its gain is equal to iteativity in any given direction. The
direction of the highest radiation intensity iswasgd if the direction is not provided.

The ssimulated and the measured gain plot of the proposed MIMO antenna is still
working.

3. Performance parameters of MIMO antenna: In the following subsection, the
performance of the proposed Compact 8-Port ‘MIM@ana’ construction includes the
terms DG, ECC, TARC, and efficiency is discussedepth.

Envelope correlation coefficient and diversity gain: ‘ECC in-between next to radiation
element I and 2% port of N port MIMO antenna system using far-figlatterns is given
by Equation (1):

_ |S11S12 + S31S22/
(1 —[S1112 = 1S2112) (1 — S22 = 1S4212)

ECC

It turns out that the ECC can be completely catealdrom the antenna isolation
for exceptionally efficient antennas (let's say0%®or >-1dB). As a result, you can
simply measuré&,, and calculate the ECC without considering theataoi patterns of
the antennas. The explanation is that tight cogphmil happen if antennas emit the same
(or strongly correlated) radiation pattern, withgetting into the math (or low isolation).
Because antennas are reciprocal, if antenna 1 tmetsda radiation pattern, antenna 2
will "see" this pattern and receive energy equah® degree of correlation between the
antennas' radiation patterns. Though simple, thgar@ng is persuasive.

Thefollowing expression specifiesthe DG of the planned MIMO antenna [19, 20]:
DG = 101 —|p|?

wherep is the coefficient of complex cross-correlationd$p| ~ECC. Figure 6
and Figure 7 shows the ECC and DG graphs that wienalated and measured. The
radiation patterns are used to generate the sietblBCC and DG results, while the S-
parameters are used to generate the measuredgrésilve can understand from Figure
6, the ECC is less than 0.03 for the whole C bamdept at the frequency band (7.5 to
9.5 GHz), where the ECC is greater than 1db. Agatdd in Figure 7, the DG is larger
than 9.95 dB.
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Figure 6: ECC of the Antenna
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Figure 7: Directive Gain of the Antenna

Efficiency: The high radiation efficiency of over 75 percenthksmup the Compaci-Port
MIMO antenna's almost constant performa

Total active reflection coefficient: ‘For a eightport MIMO system, i = 1,2,3,4,5,6,7,¢
= 2,3,4,5,6,7,8,1 in that order and N = 8, Thedfelhg equation considers the TAF
using the $arameters [1€

S + 5ij|2 +1S;; + 5ﬁ|2

TARC =
2

As seen in Figur®8, this parameter is less thaD-dB over the whole frequen
range. The slight disparity between the simulatedl @bserved findings could be rela
to the effect of soldering the SMA connectors, adl\as the tolerance levels for t
antenna construction process pel
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Figure8: TARC of the Antenna

Voltage Standing Wave Ratio (VSWR): The highest to minimum voltage on a -free
line is used to establish the voltage standing wai®, or VSWR. In reality, ever
feeder and transmission line experiences a lossvdfdand reverse power are sense
that system location and translated to a VSWR vadu@der to measure the VSWR.
doing this, the voltage peaks and minima alondehgth of the line are not necessan
order to estimate the VSWR at a specific lon. All of the antenna's ports’' VSWR ¢
displayed in Figure 9 for comparis
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Figure 9: VSWR curve of the Antenna
V. PERFORMANCE COMPARISON

Table 2 contrasts different existing MIMO systenithwhe proposed Compact fc-
port MIMO antenna array in terms of size, isolatibatween antenna elements, E(
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operating bands, efficiency, and DG. The proposedrd MIMO antenna has excellent ECC
and DG values, a short footprint, and a wide impeddandwidth, as indicated in the table.
P.S = proposed structure, DG =Directive Gain, ECEnhwelope correlation coefficient’

Table2: Performance Comparison of other Antenna with Proposed Antenna

Ref. | oo N‘r’”c]fbe size | Isolation | .. Bandwidth Eff(':;'e” DG
3

No. oo | (mm?) (dB) (GH2) o | @

21] | 2018 2 30x41 | <-20 <01 | 22GHzt05GHZ 80 .

[22] | 2018 3 58x45 | <-15 <06 | 3.1Ghzto 7GHz 80 .
2.36GHZ t0

(23] | 2021 2 50x50 | <-21 | <0.04 il ; 9.99

[24] | 2020 2 32}46 | <20 <05 | 3GHzto 11Ghz . .

[25] | 2018 1 46x46 | <17 | <0.02 . 75 .

23GHz10838

[26] | 2015 2 40X40 <-15 - GHz - -

27] | 2015 1 |385¢385| <15 <01 | 25GHzto12GHZ  >75| 99
2.2 GHz to 8-

[28] | 2014 0 40X40 - <0.005 ozt ] o

29] | 2021 2 48<48 | <-18 | <0.04 | 25Hzto5GHZ . .

[30] 2014 1 50X82 <-15 <0.02 3 GHz to 9GHz 60 -
2.2GHz to

[31] | 2017 1 4030 | <-15 - e X 58 | 9.94

PS | 2022 8 | 60x60 <10 | <003 | ’® Gghzzto 95 1 .75 >g'9

V. CONCLUSION

Modern mobile communication systems with great spet efficiency rely heavily
on multiple input multiple output (MIMO) antennasthvpattern diversity. The size of the
device, which restricts the number of radiatingtgars a major limiting issue in this
technology. This results from maintaining stronglasion between planes. Utilizing this
method guarantees the high level of isolation betwine ports and can result in directive
patterns from each MIMO antenna element. As a tethé final design is appropriate for
pattern diversity. The method is used with an IF#eana, and 6 and 8 element MIMO
antennas are simulated and constructed in ordexssess the viability of the suggested
method. The proposed technique may be validatetksht the simulation and measurement
achieving a good level of agreement. This methog beaa strong contender for designing
huge MIMO antenna for 5G and C-Band systems. wliteie necessary to fit a lot of
antennas into a small area.
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