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Abstract—In multipath channels, to enhance capacity over
single antenna topologies, multiple-input-multiple-output
(MIMO) wireless systems have multiple operating components
at both the transmitter and the receiver. In such systems, the
antenna characteristics and the multipath channel parameters
play a critical role in determining communication effectiveness.
In this study, the results of contemporary research on antennas
and MIMO system propagation are examined. Investigations
are conducted on the effects of antenna parameters as well as
the computation of channel capacity, channel measurement, and
modelling methodologies. The majority of MIMO antennas have
issues with Voltage Standing Wave Ratio (VSWR), Reduced
Bandwidth, Mutual Coupling, and low gain. A microstrip line
fed pentagonal shaped patch antenna with I-shaped slot is
designed and simulated. The proposed antenna enhanced the
bandwidth and achieved good radiation performance and high
gain. The return loss of -54.3 dB is achieved at 12.74 GHz
frequency.

Keywords—Antenna array, Multiple-input-multiple-output
systems, Mutual coupling (MC), Bandwidth, Isolation.

I. INTRODUCTION

Modern wireless communication uses the effective
transmission mechanism known as MIMO (Multiple Input
Multiple Output). MIMO is frequently used for high-
bandwidth communications when it is crucial to avoid
microwave or Radio Frequency (RF) system interference.
The MIMO system offers better data rates via the use of
spatial multiplexing and higher reliability through the use of
diversity. The major drawbacks of the MIMO system are
expensive RF modules needed for the numerous antennas, the
requirement for frequent channel matrix updates,tecomplexity
of the hardware and software, and other constraints such as
limited movement speed. Academic and commercial
researchers are now interested in wireless communication
systems due to the use of MIMO technology at
transmitter and receiver terminals to increase data
transmission capacity and decrease multipath fading [1].

Single Input Single Output (SISO), Single Input Multiple
Output (SIMO), Multiple Input Single Output (MISO), and
MIMO are the four components of multiple input multiple
outputs.
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Multiple users and single-user MIMO are employed in this
type of MIMO. This technology, multi-user MIMO, is
employed extensively in many communication networks and
leading sectors [2].

Fig. 1. Massive MIMO uses enormous antenna arrays at base
stations

As shown in Fig. 1, the main idea is to set up enormous
antenna arrays at base stations to simultaneously provide
services to numerous autonomous terminals. Peoplein the
next generation expect high speed, high data rate internet
connections. This confrontation necessitates the use of a
MIMO antenna. MIMO antennas are a vital component of
next-generation smart antennas, and they can aid with 5G
communication via wireless. In order to alleviate the fading in
the multipath channel constraint of communication over a
short distance, multiple-input multiple-output is integrated
with UWB technology. This results in high data transmission
capacity [3].

In a research study from the 1970s, MIMO was initially
discussed in terms of crosstalk and multichannel digital
communication systems. MIMO Orthogonal Frequency
Division Multiplexing (OFDM), an easy-to-implement
Wireless Local Area Network (WLAN), was introduced in
2001. With IEEEs support, 100 MBPS may be delivered.
Qualcomm launched MIMO-OFDM in 2006, allowing for up
to 600 MBPS speeds. MIMO-OFDM also aided in the
development of Wi-Max technology, resulting in the 802.16e
standard. LTE (Long Term Evolution) 4G is a fourth-
generation communication system. MIMO - OFDM and the
third generation project are primarily responsible for the
development of this standard.

MIMO provides spatial multiplexing gain through the use
of multi carrier modulation and multiband functioning is
required for further standards [4]-[5], MIMO + OFDM [6]-
[7] can provide enhanced spectral efficiency. As a result of
MIMO technology’s increased diversity, this technique can
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also improve connection stability and provide high-quality
service (QoS). However, current narrowband communication
technologies like IEEE 802.11 WLAN systems, which operate
between 5.15 GHz and 5.85 GHz, produce electromagnetic
interference in the Ultra Wideband (UWB) band [8] and
outline many design strategies. Antenna characteristics and
multipath channel characteristics are relevant in such systems
and are important in deciding communication performance.
As a result of the space-filling property, the antenna's
effective electrical channel length can be extended in a more
condensed space [9].

UWB antennas are created using fractal geometries [10-11]
as the Koch snowflake, Sierpinski triangle and hexagonal
form. To counteract the detrimental impacts of interferences,
antenna configurations including configurable, engraved,
dielectric resonator, and meta-material are widely used [12].
It can accomplish full diversity, lower hardware complexity
and cost, and increase gain rate in the case of transmit antenna
selection. These objectives can be accomplished with minimal
computational expense. Antenna selection can be divided into
two types: successive selection and norm-based selection.
When the Signal to Noise ratio (SNR) is low, the former
strategy ispreferable, whereas the latter is better for high SNR.
Both strategies can be used to choose an antenna for
transmittingor receiving data [13].

To provide Ultrawide Band (UWB) with high isolation,
reduced mutual coupling, band notch or band rejection
characteristics, compact structure, and multiple wideband,
several antennas were proposed by the researchers.
Parasitically linked semi-circular patches with closed
dimensions and a tapered slotted ground plane [14-17] for
triple notch band characteristics. Other techniques like Koch
geometry [18], Electromagnetic band gap structures (EBG)
[19], Near field resonator decoupling techniques are efficient
for mutual coupling reduction and enhancement of isolation in
UWB MIMO applications [20-27]. Metamaterial insulators,
split ring resonators with different geometries, and waveguide
materials were incorporated to enhance the antenna
performance, which is suitable for C and X-band applications
[28-39].

Compactness is an important aspect of MIMO systems
because it helps to maximize the number of independent data
streams that can be transmitted, reduce channel correlation,
and minimize interference between different antennas in the
system. Array antennas [40-43] are also significant
components of MIMO systems, which offers diversity
techniques, beamforming, and spatial multiplexing. Many
other designs using slots and slits [44-50] were also evolved
for the UWB MIMO applications with enhanced directivity,
gain and bandwidth.

To meet the growing demands for 5G and beyond wireless
communications increased capacity, low latency, energy
efficiency, seamless connectivity, enhanced security, and
flexibility are required. More comprehensive studies [51-62]
have examined the effect of capacity loss and energy
efficiency. To achieve the necessary MIMO performance, the
antenna design [63-66] is essential. To reduce interference
between antenna paths, [67-69] implemented self-isolation
and reflectors.

Section 11 describes the literature survey of different MIMO
antennas. Section 111 focuses on the proposed antenna design,

dimensions and results. The proposed antenna is designed
using HFSS software, the results in terms of return loss and
bandwidth were compared with other different structures and
comparative analysis was tabulated in Table I.

Il. LITERATURE SURVEY

L.Kong, X.Xu et.al — The authors of this study miniaturized
Dual Band Dual Polarized (DBDP) microstrip antennas by
sharing two parasitic patches between each and every driven
patch pair between the two bands shown in Fig. 2 [70]. A
defected ground structure was integrated to the design to
suppress the cross polarization in H-plane. A 4 x 6 array was
constructed and measured for use in the X-band Horizontal,
X-band Vertical, Ku-band Horizontal, and Ku-band Vertical
operating modes and achieved wide impedance bandwidth.
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Fig. 2. Array of DBDP antennas: (a) Array structure,
(b) Network [70]

Shrivishal Tripathi, Akhilesh Mohan et.al - In a compact
design, the author developed a fractal UWB MIMO antenna
(FUMA) shown in Fig. 3 for featuring WLAN band notches
[71]. Koch geometry is used to attain wideband. Grounded
stubs were aided in between the orthogonally positioned
fractal antennas to achieve better isolation. C-shaped slots
were grooved into the fractal MIMO antenna structure for
band rejection at the 5.5 GHz frequency.

The antenna is 45mm x 45mm in size, which is quite
compact. The diversity performance is characterized in terms
of the Envelope Correlation Coefficient (ECC) which is
calculated using Eq. (1) with S-parameters [71].
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where 1,qq; and Nyqq; are the radiation efficiencies of the i
and j"™ antennas.

The ECC value achieved for the FUMA is below 0.005
across the entire UWB.

T. K. Roshna, U. Deepak et.al — The authors of this study
developed a compact UWB MIMO antenna with enhanced
isolation which is suitable for portable UWB MIMO
communication systems. Fig. 4 illustrates the surface current
distribution of the MIMO antenna [72]. A strip reflector was

34



July 2023

Microwave Review

placed in between the radiating elements to provide the isolation
i.e.,, <-20 dB. This MIMO antenna achieved a bandwidth from
3.1-11.3 GHz and a high gain of 5.2 dBi, and a 90 % radiation

efficiency.
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Fig. 3. FUMA fabrication: (a) Front view,
(b) Rear view [71]
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Fig. 4. Distribution of antenna current with and without a strip:
(a) at 4.5 GHz, (b) at 8.5 GHz [72]
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The ECC value for the UWB band is <0.1641 which is

calculated by using Egs. (2) and (3). Ilyqq;i and Nyqq;
represents the radiation efficiency of the antenna elements i

and j. The guaranteed value of the ECC (|pf—’if|guamnteea
also calculated in this article by using Eq. (4) [72].

A. Ramachandran, S. Valiyaveettil Pushpakaran et.al —

) is

The authors of this research developed a four-port MIMO
employing concentric square rings shown in Fig. 5 [73]. A
non-periodic resonant structure was incorporated by the
authors to reduce mutual coupling between the polarized

elements.
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Fig. 5. (a) Four port MIMO with concentric square rings,
(b) Parameters measured [73]

23

Fig. 6. Frequency reconfigurable MIMO antenna and the
measurement setup [74]

Complementary split ring resonator (CSRR) is etched on
the ground at the ring corners. CSRR reversed the polarity of
coupling current on a common shared ground which led to
the enhancement of isolation (< -22 dB). The dimensions of
the rings and CSRR were tuned to get the same resonating
frequency for all four ports i.e., at 2.4 GHz.

X. Zhao, S. Riaz et.al — In this article, the authors developed
a frequency reconfigurable MIMO UWB triangular shaped
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monopole antenna elements shown in Fig. 6 [74]. The authors
used six PIN diodes and two varactors for frequency
reconfiguration. The PIN diodes were positioned in such a
way that the switching conditions made the antenna work for
dual — purposes. By tuning the varactor diodes, this antenna
can provide a wide frequency reconfigurable communication
band from 0.9 to 2.6 GHz. The authors utilized only one
varactor diode per antenna which leads to the major
advantage of compact size and cost effectiveness.

Chun Xu Mao., Qing Chu., et.al — In this paper, the authors
designed two antenna elements with one pentagonal radiator
fed by two orthogonally placed microstrip feedlines shown in
Fig. 7 [75]. To achieve high isolation, the authors etched a T-
shaped groove in the radiator and extended a stub from the
ground.

To guarantee good channel characteristics, the received
signals from the antennas should fulfill [MEG; /MEGj| = 1,
where i and j denote the antenna elements.

Fig. 7. Pentagonal Radiator with perpendicular microstrip feed lines

Mean Effective Gain (MEG) can be calculated by using Eq.
() [75],

(XPR.Gi(02).Py(2)+G i(2).Py (2))
(14+XPR)

MEG; =7 =§ |

inc

] dn ()

which is the ratio of the mean received power (P..) and the
mean incident power (Pi,). Py and P, represents the 6 and ¢
components of the angular density functions of the incoming
plane waves. G4 and G,, are the 6 and ¢ polarized components
of the antennas’ realized active power gain patterns and Q
indicates the solid angle.

XPR is the cross polarization which is equal to ‘1’ in the case
of a uniform propagation environment. Eq. (5) [75] can be
simplified as

MEG; =2t (6)

where el,, is the total efficiency of the i" antenna element and
can be calculated using Eq. (7) [75],

etlot = erlnis . e;ad (7)

where el and el,, represents the antenna mismatch and
radiation efficiencies.

Jian Feng Li., Qing Xin Chu., et.al — In this research study,
the authors proposed two symmetric antenna elements and
each antenna element comprised of a U-shaped radiator with a
rectangular metal strip illustrated in Fig. 8 [76].
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Fig. 8. (a) U-shaped radiator with a rectangular metal strip,
(b) UWB with stubs, (c) the measurement setup of the fabricated
prototype [76]

To shift the resonating frequency to the lower level and to
improve the input impedance matching, a protruded ground
plane was integrated into the UWB antenna. A rectangular
metal strip producing a loop path and an open slot etched into
the radiator led to two rejected bands of 3.3 - 3.7 GHz and
5.15 - 5.85 GHz.

Gunjan Srivastava et.al — The authors of this research paper
designed a stepped slot UWB antenna depicted in Fig. 9
[77]. The mutual coupling between the radiating elements
was reduced by varying the distance between the radiating
elements.
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Fig. 9. Ultra wideband MIMO antenna geometry [77]

The authors analyzed the antenna performance in terms
of ECC using Eq. (3) and Channel Capacity Loss (CCL) and
achieved radiation efficiency > 80%. Eg. (8) with
S-parameters is used to calculate the capacity loss of the
designed antenna.

Closs =- lOgZ det(lluR) (8)

where w* represents the correlation matrix of the
receiving antenna that can be expressed as

R - [P11 P12
v P21 Pzz] ©)

pi = 1 - (lSii|2+ |Sij|2)1 py = - (SiSy+ S;iSy

fori,j=1or2.

Z. Li.,, C. Yin, and X. Zhu., et.al — The authors of this
paper developed dual band notched UWB vivaldi antenna of
size 26 x 26 mm? antenna shown in Fig. 10 [78]. Taconic RF-
35 substrate with a dielectric constant of 3.5 was used for
designing the antenna.

To reduce the mutual coupling a rectangular slot etched on
the ground plane and further enhancing the isolation T-
shaped slot were etched on the ground plane. Two notch
bands corresponding to WLAN and satellite communication
were identified with low ECC.

Deepika Sipal, Mahesh P. Abegaonkar etal — In this
research work, the authors designed a planar microstrip fed
UWSB slotted angular ring antenna depicted in Fig. 11 [79].
This antenna was fabricated using Neltec substrate with a
dielectric constant of 3.2. Rectangular slots were introduced to
generate additional resonances in the design. The radiating
elements were placed orthogonal to each other with 2mm
minimum spacing to provide good isolation.

M. Li, B. G. zhong etal — In this paper, the authors
developed a Near Field Resonator (NRF) comprising of five
split rings shown in Fig. 12 [80]. The authors placed the NRF
on a rectangular patch which led to the generation of strong
magnetic coupling between the NRF and patch, which further
leads to the reduction of resonant frequencies of the antenna.

NP FVAPARFETENR AL LIS L L L
3 2 3 S 5

Fig. 10. Dual-band notched UWB vivaldi antenna [78]
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Fig. 11. Surface current distribution of a UWB slotted ring
resonator: (a) First array, (b) Final array (with port-1 excited) [79]

The NFR decoupling technique produced isolation of
< -20 dB with the shortest edge separations when compared to
other designs which use artificial structures for decoupling
patches.

Zicheng Niu, Hou Zhang et.al — In this research endeavor,
the authors developed a rectangular patch with diagonal
feeding illustrated in Fig. 13 [81] to achieve the dual bands.

b 3
T

Fig. 12. 8-port NRF MIMO antenna [80]
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Antennas were placed mirror symmetrical and the 2.8 mm
edge-to-edge distance was maintained between the patches.
To reduce the mutual coupling, a layer of modified array
antenna decoupling structures and a pair of H-shaped defected
ground structures were integrated into the designed antenna.
The aforementioned mechanisms enhanced the isolation level
to -30 dB in the lower and upper bands.

Shoaib, Nosherwan et.al - In this research report, the
authors designed meandered monopoles printed diagonally on
the non-grounded portion, the decoupling structure comprising
of slots and metallic branches was integrated on the ground
plane as shown in Fig. 14 (a) [82]. Fig. 14 (b) depicts the
measurement setup of the fabricated prototype.
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Bhattacharya A, Roy B. et.al — The authors designed an
extremely compact 20 x 20 mm? antenna comprising of two
mutually orthogonal slotted radiating elements with a single
parasitic strip shown in Fig. 15 [83]. The radiators were
placed perpendicular to each other to obtain diverse
polarization. The designed antenna has the unique ability to
eliminate interference from the WLAN and WiMAX bands

() and other advantages like compactness, and enhanced
isolation.
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Fig. 13. Rectangular patch with diagonal feeding antenna decoupling g 20
process: (a) Phase I, (b) Phase Il [81] & ]
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|
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Fig. 15. MIMO antenna Frequency response [83]
(Front View (Back View) 1. PROPOSED ANTENNA

The proposed antenna design consists of an ‘I’ shaped slot
- Antenna Prototype on a pentagonal patch as depicted in Fig.16. As a dielectric
material, FR4 epoxy substrate with a dielectric constant of 4.4

is employed. The proposed antenna was created and tested
- Styrofoam Support using commercial HFSS software.

____RF Input
(Coaxial Cable)

-------- Absorbers

........ Turn Table

(b)
Fig. 14. (a) MIMO monopole antennas printed diagonally on the
top of the substrate, (b) Measurement setup of the fabricated
prototype [82]

For the measurement of radiation patterns, the authors
placed the fabricated prototype inside an anechoic chamber.
The designed antenna achieved good isolation by etching the
two decoupling structures diagonal to each other. Fig. 16. Proposed MIMO antenna Top-view
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The substrate’s measurements are 20 x 20 x 1.6mm°.
Fig. 17 depicts the dimensions of the patch and ‘I’ shaped slot.

S5mm
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Fig. 17. Patch and slot dimensions

Fig. 18 demonstrates the S11 return loss of the proposed
antenna. The proposed MIMO antenna achieved a bandwidth
of 01.41 — 13.13 GHz with a band notch in the lower half
frequency. The figure depicts the comparative performance of
the proposed antenna in terms of Return loss to that of the
same antenna with different feeding positions labeled as Feed
position 1 and Feed position 2.

The simulation results clearly show that the proposed
antenna with feeding position as shown in Fig. 16
outperformed the other two feeding positions (1 and 2).

0

104

50 -
—#—Proposed Antenna oﬂt.on sition.
1 —#—Feed Position1 H
—o—Feed Positlon2

-60 T
2

Frequency(GHz)

Fig. 18. S- Parameters of the proposed MIMO antenna

Figs. 19 and 20 illustrate the proposed antenna’s 2D
and 3D radiation patterns when implemented on various
substrates like FR4 epoxy, Rogers RT/duroid 5880, and
Rogers RT/duroid 6010 with dielectric constants 4.4, 2.2, and
10.2 respectively.

Radiation Pattern 1 Radiation Pattern 1
o

o
A

LTS s e,

Radiation Pattern 1
9

Fig. 19. Proposed MIMO antenna’s 2D radiation patterns for various
substrates are shown in (a) FR4 Epoxy, (b) Rogers 5880, and
(c) Rogers6010

Fig. 20 represents the 3D radiation pattern of the
proposed antenna. As per the simulation results, it is evident
that the gain of 3.53 dBi is achieved for the pentagonal patch
’I” shaped slotted antenna.

(b)

(c)

Fig. 20. Proposed MIMO antenna’s 3D radiation patterns for various
substrates are shown in (a) FR4 Epoxy, (b) Rogers 5880, and (c)
Rogers 6010
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Fig. 21. E-field pattern of the proposed antenna

Fig. 21 represents the surface current distribution of the
proposed antenna. It can be observed from the figure, the
current originates from the feed and distributes itself uniformly
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at the edges of the patch which results in the enhancement of
the impedance bandwidth, gain at the resonating frequency.
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Fig. 22. S11 plot for different substrates

Fig. 22 depicts the return loss of the proposed antenna
for three different substrates namely FR4 epoxy, Rogers
RT/duroid 5880 and Rogers RT/duroid 6010 with dielectric
constants 4.4, 2.2 and 10.2 respectively. It is seen that the
proposed antenna with feed position as shown in Fig. 16 with
FR4 substrate covered high bandwidth of 01.41 — 13.13 GHz
with a notched band in the lower half and a high return loss of
-54.37 dB is obtained at 12.74 GHz frequency.

IV. CONCLUSION

Different MIMO Antennas are analyzed in this review
paper. The comparative analysis part of the study is

highlighted in this paper. Mutual coupling is a serious issue in
several MIMO antennas. In addition to that most of the
antennas that were designed are low gain antennas.
Dimensions, radiation efficiency, gain, materials, ECC and
diversity gain are compared for all MIMO antenna designs.

This paper presents a wide range of designs to help with
mutual coupling improvement. Mutual coupling minimization
with a low profile is an active research area that has the
potential to directly influence the advancement of wireless
communication systemsin 5G and 6G. A microstrip line feed
pentagonal shaped patch antenna with I-shaped slot is
proposed and simulated. The proposed antenna achieved
high impedance bandwidth of 01.41 — 13.13 GHz with a
notch band, good radiation performance, and high gain.
Return loss (Si;) of -54.37 dB is obtained at 12.74 GHz
frequency.

MIMO technology will probably be utilized to boost the
throughput of wireless networks as the demand for data keeps
rising. This could be accomplished by utilizing higher-order
MIMO systems, such as 8x8 or 16x16. Utilizing MIMO to
increase wireless network energy efficiency is another
potential development in the field. Advanced beamforming
algorithms, antenna position optimization, and the use of
better power management strategies can be used to achieve
this. By enhancing the diversity of the wireless channel,
MIMO technology can also be utilized to increase the
reliability of wireless communications.
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TABLE |
COMPARATIVE ANALYSIS OF DIFFERENT MIMO ANTENNAS
S.No Ref No. Shape Frequency Bandwidth Band Remarks
1 [70] gﬁ%eDsP Antenna Array chamfered 8.9GHz - 10.2GHz 12.3 GHz Dual \é\gge beamwidth and stable peak
2 [71] ;:hrgggjl Sallrg{ennas by etching a C- 5.5 GHz 210 10.6 GHz Single | Good pulse preserving capability
3 [72] CPS fed two-port MIMO 4.5GHz and 8.5GHz 3.1-11.3 GHz Dual | High Peak gain and peak efficiency
Four - port MIMO using concentric - . -
4 [73] square rings 2.4GHz 2.45 GHz Single | Improved isolation
Two-port antenna with a printed 52?23;’3 ir:qetr;?rrnrgaor}cea\%as
5 [74] monopole antenna design in the 1 GHz to 4.5 GHz 0.9 to 2.6 GHz Single | ¢rocti inout 9 g
shape of a triangle effectiveness, input impedance
matching, isolation, and ECC.
A rectangular metal strip and a . .
6 [76] radiator in the shape of a “U” 5.15 to 5.85 GHz 3.0 to 11.0 GHz Dual | High Isolation
E | t microstrin fed The directional radiation properties
7 [77] st%”r'gdegg{‘ microstrip te 3.1to0 12 GHz 3.2t0 12 GHz Single | provide high isolation among
Pp antenna components.
A ground plane with a T-shaped Stable gain, good radiation
8 (78] slot 2 1o 14GHz 2910 11.6 GHz Dual characteristics and ECC is quite lo
Microstrip fed slotted annular ring- . High isolation and good impedance
9 [79] Array of four and eight elements 3 GHz 3 -10 GHz Single bandwidth matching
10 [80] Five rectangular split rings 2.24 5.8 10 6.1 GHz Single | Good radiation performance
Ground with an H-shaped defect . .
11 [81] and modified array antenna decou- 3.7 and 4.1 GHz 1.48% and 2.07% Dual 2r411d2:r1dG3323 dB of isolation at 3.7
pling surface (MADS) )
12 [82] Coupled-fed monapoles 2.45 GHz 1.7-2.9 GHz single Eggﬁgn'cs}?'ggﬁgs for overall
Four pentagonal patches etched Enhanced bandwidth, good
13 Proposed Antenna with I-shaped slot 2.4 GHz to 12 GHz | 01.41 - 13.13 GHz Dual | = diation performance and high gain
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