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Abstract
Future smart reconfigurable antennas (RAs) (Haupt R-L and LanaganM (2013) Reconfigurable
antennas. IEEE Antennas and Propagation Magazine 55, 49–61) will likely be fully multipur-
pose and controlled by software and equipped with machine learning skills that can discern
and respond to alterations in the radio frequency environment. Cognitive radio utilizations
will be accomplished using a new generation of antenna technology and communication
protocols. The effective use of frequencies and the use of polarization diversity and radia-
tion pattern reconfigurability to send data over existing congested frequencies will be major
advantages for such applications. The usage of antennas that can be reconfigured in multiple-
input multiple-output (MIMO) channels will enhance channel capacity while simultaneously
improving channel efficiency and lowering costs (Christodoulou C-G, Tawk Y, Lane S-A and
Erwin S-R (2012) Reconfigurable antennas for wireless and space applications. Proceedings of
the IEEE 100, 2250–2261). There are a lot of antennas used both at the transmitter and at the
receiver front end in a MIMO system. The benefit of employing such arrangements is that dif-
ferent types of information can be conveyed at a similar time, boosting the spectral efficiency
of communication in a multipath situation. The coding rate, modulation level, and transmis-
sion signaling method of a MIMO system can all be changed in response to changing channel
circumstances and user needs. In a MIMO context, polarization reconfigurable/frequency-
reconfigurable/radiation pattern RA increase the degree of freedomand enhancing the system’s
performance. The usage of such antennas greatly enhances capacity by enabling a choice of
various polarization configurations and pattern diversity. Antenna arrays that can be reconfig-
ured are also an appealing MIMO system solution that needs to retain robust communication
channels, particularly in portable gadgets where the area is limited.

Introduction

The explosive growth of mobile data and the widespread adoption of mobile phones have
presented wireless service providers with unprecedented hurdles in overcoming a global band-
width deficit [1, 2]. Nowadays, cellular providers are confined to a carrier frequency range
from 700 MHz to 2.6 GHz while seeking to provide wireless devices with low-latency video,
high-quality, and multimedia services. The synchronized handling of several technologies that
operate in the same finite band spectrum is required to service users with the older version of
mobile phones as well as users with the latest smartphones. Currently, operator’s allocated spec-
trum is separated into discrete frequency bands, each having its radio network and propagation
characteristics. As a result, base station designs need to handle various bands across several cell
sites, with many base stations per cell site [3, 4]. Mobile broadband networks will have to keep
up with the ever-increasing data rate demands of consumers, as well as deal with the expected
exponential increase in traffic quantities. To meet the ever-increasing demands encountered
by cellular carriers, it is necessary to have an effective radio access technology as well as more
spectrum availability. The United States has adopted cellular communication systems which
have evolved across four generations from around 1980, each successive generation arriving
approximately every 10 years: in 1981, the first-generation analog frequency modulation FM
cellular systemswere released; in 1992, second-generation digital technologies were introduced;
in 2001, 3G was introduced, followed by 4G LTE-A in 2011 [5]. Long-term evolution (LTE) is
a radio-access technology that uses orthogonal frequency division multiplexing to provide an
extensible transmission bandwidth of up to 20MHz.Multiple-inputmultiple-output (MIMO) is
an important technology for approving high data speeds in 5G networks, enablingmulti-stream
transmission for better spectrum utilization, enhanced connection quality, and adaptive beam-
forming for signal gain and reduction of interference by employing antenna arrays [6–8]. The
scarce characteristics of propagation channels and a limited number of radio frequency (RF)
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chains at transceivers restrict the throughput of MIMO systems.
The incorporation of reconfigurable antennas (RAs) allows for
more flexibility in the design of MIMO systems [9, 10].

MIMO antenna

MIMO’s main advantages include fast data rate, low latency, and
great communication reliability [11]. The Internet of Things will
soon allow machines, automobiles, and a variety of other wire-
less gadgets to communicate with one another. As a result, a
robust wireless network that can handle enormous amounts of
data and respond quickly is essential. The present research speed
of the impending 5G [12, 13], which has the approval of regula-
tory agencies, academia, and an industrial partnership, suggests
that it is commercializing very fast [14]. High data rates, low
latency transmission, enormous device connection, and increased
channel capacity are all advantages of 5G technology. Fortunately,
millimeter wave (mm-wave) frequencies with very short wave-
lengths are the best options for providing wide bandwidth, and
small cell size for short-range connections, where massive antenna
arrays/massive-MIMO may give several dedicated beams for dif-
ferent users. A well-thought-out strategy that optimizes each cri-
terion simultaneously would yield a 1,000-fold improvement in
the capability of 5G [15]. Over the last decade, making use of
numerous antennas on both the receiver and the transmitter sides
has gained popularity. However, there are several difficult crite-
ria, including integrating the numerous MIMO antenna elements
while keeping space, size, and performance limits in mind, reduc-
ing mutual coupling between firmly located antenna elements for
improved efficiency and minimizing field coupling to reduce cor-
relation amid different MIMO channels, enhancing diversity gain
to boost wireless connection reliability and quality, and good over-
all reflection coefficient parameter to provide optimal bandwidth
resilience. Among all the parameters which are considered dur-
ing MIMO antenna design, degradation of mutual coupling amid
the MIMO antenna elements is the most important factor. Some
novel methods related to mutual coupling reduction have recently
been reported. For the mutual coupling reduction between two
antennas resonating in adjacent frequency bands, an antenna inter-
ference cancellation chip with a high-pass response is proposed in
paper [16]. Two linear polarized antennas that are coupled in the
H- and E-planes, respectively, are decoupled using meta-surface
superstrates in paper [17]. To lessen the mutual couplings at two
separate bands of two coupled MIMO antennas, a metasurface-
based decoupling method is presented in paper [18]. For the

purpose of reducing themutual coupling of massiveMIMO anten-
nas, a double-layermetasurface was suggested. Furthermore, it was
demonstrated that the decoupling superstrate contributed to the
enlargement of the bandwidth and the restoration of the antenna
array’s radiation patterns in paper [19]. To decrease the mutual
coupling between two tightly packed dipole antennas while retain-
ing cross-polarization suppression, a ceramic superstrate-based
decoupling method is presented in paper [20].

Now readers have clear idea about some of the novel techniques
for the reduction of mutual coupling which can be considered
for the MIMO antenna design. In the following section, RAs,
classification of RAs, and advantages/disadvantages of different
techniques are discussed.

Reconfigurable antennas

RAs are required in current telecommunication systems because
they may transmit several patterns at different frequencies and
polarizations [21]. Increased functionality within a constrained
volume puts more strain on transceiver systems. This problem can
be solved by using an RA [22]. Changing the radiation, frequency,
or polarization characteristics of an antenna can be used to recon-
figure it. Many strategies are used to adjust the electromagnetic
radiations of the antenna’s effective aperture by redistributing the
antenna currents [23]. An RA can respond to alteration in external
situations or system needs by altering their geometry and electrical
behavior.The assimilation of RF-MEMS (microelectromechanical)
systems, varactor diodes, PIN diodes, and photoconductive ele-
ments, the physical modifications of the antenna’s radiating struc-
ture, or the usage of smartmaterials like liquid crystals and ferrites,
are all used in these reconfiguration techniques [24]. Figure 1
shows the different techniques used to design the RA. Schaubert
[25, 26], filed in 1983, is the first patent on RA.

However, RF engineers must answer three difficult problems
while developing RA: (1) Which reconfigurable property (e.g.,
radiation pattern, frequency, or polarization) should be changed?
(2) How are the antenna structure’s various radiating elements
adjusted to obtain the desired property? and (3) Which antenna
reconfiguration technique has the least detrimental impact?

Reconfiguration techniques and classification of
reconfigurable antennas

To develop an RA, different types of reconfiguration methods are
used. RF-MEMS, PIN diode, and varactor diode, all come under

Figure 1. Different techniques used to design reconfigurable antenna [27].
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the electrically RA. The advantages and disadvantages of different
switching techniques are given in Table 1 [24]. Antennas that use
photoconductive switching elements are known as an optically RA.
The technique which includes physical modification of the antenna
structure comes under the physically RA. The last category of the
RA is designed using smart materials like ferrites and liquid crys-
tals. The advantages and disadvantages of different reconfigurable
techniques are given in Table 2 [24]. Apart from these, RA can also
be categorized into major categories like frequency RA, polariza-
tion RA, radiation pattern RA, and a combination of any of the
above reconfigurable techniques. All the reconfigurable technolo-
gies can be achieved by alterations in the direction of the surface
current, modification in the feeding structure, modification in the
physical structure of the antenna, or by changing antenna radiating
elements [28]. However, a designer must consider or monitor the
effect of change in one parameter on the others. Apart from com-
plexity in designs, some notable advantages dominate the wireless
industry like minimal cost, reduction in space requirements, iso-
lations from other wireless devices, ability to adapt according to
requirements, etc. During the designing of the RA, RF engineers
should try to minimize the cost of biasing the network struc-
ture used to activate or deactivate the switching elements. Power
consumption in active components should also be minimized.

In the previous two sections, MIMO antennas and RAs are dis-
cussed in brief. The main purpose of this review article is to give
insight of the history of the Reconfigurable MIMO antenna and
how it gets evolved through the years.The detailed literature review
has been done to through the light on it and to make it easier for
the young researchers who want to work on reconfigurable MIMO
antenna designs for the mm-wave frequencies.

Reconfigurable MIMO antennas

Reconfigurable MIMO antennas have received a lot of interest
because of their capability to operate in different frequency bands,
to have different polarizations, and pattern diversity and also it
keeps up with the ongoing research and development on 5G net-
works. Because of its potential to reduce the size of front-end sys-
tems, avoid interference with other wireless systems, and increase
throughput, RAs have piqued the interest of researchers and indus-
try. Several approaches for reconfiguration have been proposed by
antenna designers. The use of parasitic elements in a novel form
of MIMO antenna is presented in paper [29]. After discussing a
suitable model for the parasitic-MIMO system, computational and
experimental research is conducted.The findings demonstrate that
the suggested strategy can greatly boost communication system
performance while having a negligible effect on system complexity
and cost. In paper [30], research is done on to how RA arrays affect
MIMO wireless communication connection’s capacity maximiza-
tion in sparse multipath situations. The advantages of employing
pattern-RAs in MIMO communication systems are examined in
paper [31]. Awideband performance investigation is done in paper
[32], using an experimental measurement approach for an adap-
tive MIMO antenna with two active and six parasitic antenna
elements. A flexible technique for increasing line-of-sight (LOS)-
MIMO capacity at any operating signal-to-noise ratio (SNR) is
proposed in paper [33]. The theoretical and numerical findings
show that large capacity improvements can be achieved by merely
varying the antenna spacing as a function of SNR.

A detailed literature review has been done on the different clas-
sifications of reconfigurableMIMO antenna, and some of them are
mentioned in the following section.

Table 1. Advantages and disadvantages of different switching techniques

Reconfiguration
Techniques Advantages Disadvantages

PIN diodes Reliable, low cost More power handling
capacity, high tuning
speed, high DC bias in
ON-state

Varactors Small current flow,
continuous tuning, ease
of integration

Nonlinear, low dynamic
range, complex bias
circuitry

RF-MEMS High isolation and lin-
earity, wide impedance
bandwidth, low power
losses and low noise
figure

High-control voltage,
slow switching speed,
limited life cycle

Table 2. Advantages and disadvantages of different reconfigurable techniques

Reconfiguration
Techniques Advantages Disadvantages

Electrical
reconfiguration

Low cost, easy to
implement

Biasing is complex

Optical
reconfiguration

Can be implemented
without bias lines

Activation process is
complex and has lossy
behavior

Mechanical
reconfiguration

Can be implemented
without biasing system
and active elements

Source power is
required and response
time is more

Smart
material-based
reconfiguration

Low profile and
lightweight

Because of low effi-
ciency, have limited
use

Frequency-reconfigurable MIMO antenna

Antennas that switch between discrete frequencies or span a broad
spectrumof frequencies are known as frequency-agile or frequency
RA. Compact antennas with limited instantaneous bandwidths
can be modified to function across a wider range of frequen-
cies by constructing antennas with frequency agility, resulting in
a performance that is effective for a larger bandwidth. To give an
insight into the different techniques opted to design frequency-
reconfigurable MIMO antennas, some of them are discussed in
papers [34–66]. A reconfigurable planar inverted-F antenna (PIFA)
with a fine-tuning varactor and switchable PIN diode is given
in paper [34]. The RA system in paper [35] is able to generate
three tunable resonant frequencies simultaneously. The MIMO
antenna in paper [36] delivers higher than 15 dB isolation in two
working bands – 646–848 and 1648–2074 MHz. As a result, the
antenna can cover important cellular services such as LTE700,
GPS, GSM1800, and PCS 1900. The resonant frequency in paper
[37] is switched among the wireless local area network (WLAN)
band (2400–2483 and 5150–5350 MHz) and the m-WiMAX band
(3400–3600 MHz) depending on the different states of the PIN
diode. The digital TV (DTV) antenna in paper [38] is matched
between 496 and 862MHz,whereas LTEbands 3 and 7 arematched
between 1710–1880 and 2500–2700 MHz, respectively. To achieve
the MIMO antenna system reconfigurability in paper [39], two
modes of selection are utilized. Varactor diodes are tuned to span
the frequency over a broad range, notably at frequencies below
1 GHz. The sensing antenna spans over a wide frequency range
starting at 720–3440 MHz. The sensing antenna in paper [40] is
capable of covering a large frequency range from 710 to 3600MHz.
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Figure 2. (a) The top layer structure and the bottom layer structure of a MIMO-based antenna system are intertwined [41], (b) The MIMO antenna system’s top and bottom
layers [41], (c) Views of a four-element MIMO antenna system from the top and bottom [43], (d) MIMO antenna system’s top layer and ground plane [50].

The MIMO antenna structure spans a broad range of frequencies,
from 755 to 3450MHz.There are two types of cognitive radio (CR)
antenna systems are detailed in paper [41]. In both situations ofCR,
reconfigurable filtennas are designed as communicating antennas
in a MIMO scenario as shown in Fig. 2(a) and (b). The wideband
antenna in paper [42], located at the center, serves as a framework
for improving the isolation of two monopoles. The antenna system
in paper [43] is a four-element MIMO antenna with dual-mode
as shown in Fig. 2(c). Below 1 GHz, it spans a large frequency
range.This approach is suitable for use inwireless handheld devices
that useCR. Two symmetrical frequency-reconfigurablemonopole
elements and frequency-reconfigurable defected ground structure
(DGS)make up the antenna in paper [44].Themonopole elements
are divided into two portions, section 1 and section 2, which are
joined by a PIN diode. Section 1 gives a 2.26 GHz. Sections 1
and 2 will be joined together when the PIN diode is turned on,
resulting in a low-frequency band of 1.93 GHz. To provide iso-
lation between monopole elements, DGS is utilized. The antenna
in paper [45] can be configured to give four ports that operate
from 4.9 to 5.75 GHz with greater than 14 dB isolation between
antennas. It also has two ports functioning at 2.4–2.5 GHz and

two ports working at 4.9–5.725 GHz, having isolations of more
than 18 dB. The antenna elements in paper [46] are loaded with
capacitive reactance utilizing varactor diodes to produce frequency
agility. The MIMO antenna with a broad range of adjustability of
1610–2710MHz covers several prominent wireless protocols. Each
tuned band has a minimum bandwidth of 470 MHz. To achieve
frequency reconfigurability, the proposed antenna in paper [47]
comprises compact patch antenna elements and varactor diodes.
The antenna offers a 50MHzbandwidth and it is reconfigured from
2.1 to 2.4 GHz. An ultrawideband (UWB) quasi-omnidirectional
antenna in paper [48] is utilized to fulfill the sensing operation
and a narrowband antenna is utilized to perform the communi-
cation task. The sensing antenna is capable of operating in a broad
range of frequency bands, from 2 to 5.5 GHz. The resonance fre-
quency of the communication antenna is modified from 2.6 to 2.7
GHz. The frequency-agile antenna in paper [49] has a large tun-
ing range and can operate with a variety of wireless technologies,
like GSM1800/LTE/UMTS/WLAN. The frequency of resonance
spans between 1.8 and 2.45GHz. Every antenna element comprises
circular and annular slots, with a varactor diode in the annular
slot allowing the antenna to be reconfigured. Mobile terminals,
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Figure 3. (a) Top and bottom perspectives of frequency-reconfigurable MIMO antenna [54], (b) Views of the MIMO antenna system from the top and bottom [55], (c) The
layout of the four-port frequency-reconfigurable MIMO antenna [56].

wireless portable gadgets, and CR front-ends can benefit from
the proposed approach. The inverted-F antenna (IFA) in paper
[50] spans over the WLAN band, and the circular slots serve as
an isolation improvement structure for the two IFA parts (shown
in Fig. 2(d)). The annular slots are also configured throughout a
range of frequencies from 1.73 to 2.28 GHz, having a bandwidth
of 60 MHz. Varactor diodes are used to make the slots recon-
figurable. For WWAN/LTE smartphones, a reconfigurable MIMO
antenna which is full metal-rimmed is designed in paper [51].
Four resonant modes are generated by the antenna elements, and
the coupled feed is offered by a U-shaped feeding line. A smart-
phone antenna with a reconfigurable MIMO antenna is presented
in paper [52]. On the top and bottom edges of the ground, the given
antenna has four monopole slots engraved into it. The two long
monopole slots have the potential to generate the needed lower-
band (824–960 MHz) when the two PIN diodes are turned off,
which is used as 2 × 2 MIMO system. The required upper-band
(1710–2690 MHz) can be excited by the four ports, which can be
employed as a 4 × 4 MIMO antenna. A dual-band MIMO antenna
in paper [53] is reconfigured using a varactor diode which is inte-
grated through the slot. To improve isolation, DGS is employed in

the middle of the antenna elements. The design is appropriate for
CR-enabled platforms and LTE systems because of its low enve-
lope correlation coefficient and compact size. Four PIN diodes are
utilized to design a frequency-reconfigurable MIMO antenna in
paper [54], which is applicable for a wireless sensor network. To
the ground plane, it has a U-shaped metallic strip and inverted-T
slot as shown in Fig. 3(a). This antenna is appropriate for incor-
poration into mobile electronic devices built for numerous sensing
applications, such as temperature detection, due to its small size,
and low mutual coupling. Varactor diodes are used to make the
proposed tri-band antenna design in paper [55] have ultrawide
reconfigurable (shown in Fig. 3(b)). With the tri-band operation, a
change in resonance frequencies is recorded from 1.32 to 1.49 and
1.75 to 5.2 GHz. The proposed method of designing an antenna
is highly suitable for CR platforms in mobile terminals and wire-
less portable devices. With dual-band features, MIMO antenna
in paper [56] has large frequency reconfigurability spanning over
1.3–2.6GHz (shown in Fig. 3(c)). In the feedline, a varactor diode is
used to reconfigure the dual-band antenna. The two-port antenna
in paper [57] is based on a printedmonopole antenna with amodi-
fied triangular shape. The antenna can operate in both sensing and
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Figure 4. (a) Top layer and ground plane of MIMO antenna [60], (b) Top view and Bottom view [62], (c) and (d) Top layer and ground plane of MIMO antenna [63].

reconfigurable communication modes without interfering with
one another’s properties. Utilizing PIN diode switching, the sug-
gested antenna spans over the frequencies from 1 to 4.5 GHz in
UWB mode, and with the help of varactor diode tuning, it can
provide a broad range of reconfigurable frequencies from 0.9 to
2.6 GHz. A small quad-element MIMO antenna is given in paper
[58]. There are four annular slots and a rectangular slot is included
in the annular slot to enhance its electrical length and lower the
resonance frequency. Every element comprises an split-ring res-
onator (SRR) that allows for the reduction in size and multi-band
operation at various frequencies. The UWB antenna in paper [59]
has a frequency range of 1.48–4.56 GHz. For multiband opera-
tion, the four-element frequency-reconfigurable MIMO antenna
uses SRR loadings. It spans the frequency range of 1.495–2.18,
3.35–4.08, and 4.15–4.49 GHz. The antenna design described is
applicable for PC on second-generation CR systems. Two antenna
elements are arranged in an H-shape as shown in Fig. 4(a), given
in paper [60]. Meandering slot-line and reactive loading miniatur-
ized techniques are used so that antenna can be operational for
sub 1 GHz bands. The proposed antenna covers the majority of
the standard communication protocols. The bottom layer ground
plane has four antenna components in paper [61], each with an
annular slot and a circular slot separated outwardly from the cir-
cular slot and extending circumferentially around it. Each antenna
element has amicrostrip feed line in the bottom layer. In the upper-
most layer, varactor diodes cover the width of each annular slot,
allowing the resonance frequency to be tuned throughout a large
operating band. A dual-band, slot-based frequency-reconfigurable
MIMO antenna, as shown in Fig. 4(b), is given in paper [62].
Every element is made up of concentric annular slots which are
loaded reactively using varactor diodes. All of the tuned bands are
controlled by precise diode placement and optimal biasing circuit
setup. A slot-based complementary wideband reflector element is
used to make a slot antenna’s omnidirectional pattern directional
(illustrated in Fig. 4(c) and (d)). This MIMO antenna [63] design
spans over LTE and WiMAX frequencies having measured band-
width of 200 MHz for each covered band. It can be used with tablet

portable devices as well as access points. The Yagi-like MIMO sys-
tem in paper [64] uses four similar active antenna elements that are
connected with varactor diodes to acquire frequency reconfigura-
bility around 1.5–2.1 GHz (shown in Fig. 5(a)). This approach is
unique as it achieves Yagi-like directional properties over a large
frequency range. A parasitic metallic reflector layer beneath the
substrate transforms a slot antenna’s traditional omnidirectional
pattern into a directional one. Back-lobe radiation is greatly dimin-
ished when the reflector element is used, and a front-to-back ratio
of 5–13 dB is obtained across the full range of frequencies. A varac-
tor diode having a frequency tunability range of 1655–2605 MHz
is used to produce frequency reconfigurability in paper [65]. The
MIMO configuration’s two slot antenna elements are etched out of
a ground plane. A dual-band reconfigurable MIMO antenna for
fifth-generation 3.5 GHz and ISM 5.2 GHz, as shown in Fig. 5(b),
is described in paper [66]. To achieve dual-band functioning, the
described antenna employs the partial ground plane (PGP) DGS
approach and PIN diode integrated branch lines. In addition, with-
out DGS, the intermediate structure is operational in a wideband
to narrowband reconfigurable mode.

Other reconfigurable MIMO antennas

A spiral antenna that can be reconfigured to work with adaptive
MIMO systems. The antenna has the ability to reconfigure the
polarizations of the radiated field [67]. In this study, pattern- and
polarization-reconfigurable, a single-turn square spiral microstrip
antenna for the 5 GHz indoor band is proposed and tested using
CMOS MIMO transceivers made by Intel [68]. The radiation
pattern and mutual coupling are afflicted by the switch config-
uration, resulting in differing degrees of pattern diversity that
will be employed for boosting the connection capacity in paper
[69]. On the basis of which arms are alternated into the current
path, the RA can provide polarization and pattern diversity [70].
A miniaturized 2-port dual-linearly polarized RA design is dis-
cussed in paper [71].The antenna’s polarization base can be rotated
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Figure 5. (a) MIMO antenna system: Simulated model, Fabricated antenna, Top view, and Bottom view [64], (b) Design of the EBG-loaded MIMO antenna [66].

from vertical to horizontal by switching between two different lin-
ear polarization bases. It is built on a quartz substrate and shifts
between the two polarization bases usingmonolithically integrated
MEMS switches. The proposed antenna has two points of interest.
First, the antenna can track polarization in LOS situations when
using polarization-sensitive communication techniques. Second,
it can be applied to boost the diversity order or gain in non-LOS

circumstances of a MIMO communication system using orthogo-
nal space–time block codes. AminiaturizedRAarray applicable for
the UMTS spectrum is given in paper [72]. Two hybrid-monopole
and dipole elements make up the antenna array. Monopole and
dipole are twomodes of operation for each antenna element, which
are managed by the three different states of PIN diodes. Hence,
there are four modes in the proposed antenna array. These four
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Figure 6. (a) Array geometry, top view, and front view of a single subarray [75],
(b) View of the UWB MIMO antenna from an angle [76].

modes describe four alternative radiation patterns that can accom-
plish pattern reconfigurability to enhance the channel capacity for
the various channel scenarios. A novel reconfigurable MIMO slot
antenna in paper [73] will enable pattern diversity and boost sys-
tem performance. PIFA is utilized to design MIMO antenna to
reconfigure it at three different bands in paper [74]. The suggested
antenna concurrently acquires the reconfigurability in frequency
and isolation over the three ranges of m-WiMAX bands. Low-loss
RF switches allow the array pattern to be reconfigurable at an angle
of 0∘, 70∘, and 290∘ in the azimuth plane in paper [75] (shown
in Fig. 6(a)). However, narrow elevation plane beam width and
high peak gain are achieved by collinear geometry. With the help
of the reconfigurable UWB MIMO antenna in paper [76], as illus-
trated in Fig. 6(b), the range of frequencies from 4.9 to 6.3 GHzwill
be rejected. The PIN diode is used with each radiator so that an LC
stub is linked with the ground plane. Two radiators are arranged
at an angle of 90∘ with each other to make use of the polarization
diversity.

A comparison table (Table 3) is also given to give insight of
improvement over the years. Using a varactor and a PIN diode, a
reconfigurable PIFA is proposed in paper [34]. The antenna can
choose a very distinct frequency band on the basis of PIN diode

on and off status amidst radiating elements. A novel approach to
reconfiguring a balanced antenna is presented in paper [35]. The
matching network and balun designs are jointly tuned to reduce the
component count. The wideband reconfigurable MIMO antenna
that is being presented in paper [36] combines a two-port chassis
antenna with a reconfigurable balanced dipole. Within the oper-
ational ranges, the suggested MIMO antenna offers minimal cor-
relation and excellent efficiency. This paper [37] introduces a high
isolation frequency-reconfigurableMIMOantenna. Operating fre-
quency bands can be interchange between WLAN and m-WiMAX
based on the PIN diode on/off states. For usage in portable wire-
less DTV media players, a planar internal antenna for the DTV
band and a frequency-reconfigurable MIMO antenna encompass-
ing the LTE bands have both been proposed in paper [38]. The
dual-band reconfigurable planar antenna in paper [43] is mostly
appropriate for small wireless portable devices for CR applications
and covers several frequency bands below 1 GHz. The two new
reconfigurable slot elements thatmake up the reconfigurable struc-
ture in paper [45] are arranged back-to-back and can operate in
the 2.4 or 5 GHz bands, depending on the states of the MEMS
switches inserted into the slots. In order to accomplish frequency
reconfigurability [49], varactor diodes are best positioned on one
side of each annular slot which covers a wide range of well-known
wireless standards from 1.8 to 2.45 GHz. While two PIN diodes
are OFF, the suggested antenna [52] can be utilized as a 2 × 2
MIMOantenna in the 824–960MHz band.When these two diodes
are ON, the proposed antenna can be used as a 4 × 4 MIMO
system for the 1710–2690 MHz band. Varactor diodes were used
to make the proposed triband antenna design ultrawide config-
urable, with a gradual shift in resonance frequencies was seen [55].
By reactively loading the slot, quad-band RA was proposed using
a single varactor diode [60]. This research [70] proposes a two-
channel frequency-reconfigurable MIMO antenna with switchable
isolation properties for three m-WiMAX bands.

Conclusion and future aspects of reconfigurable MIMO
antenna

MIMO is a critical technology for approving high data speeds in 5G
networks, allowing multi-stream transmission for increased spec-
trum efficiency, enhanced connection quality, and adaptive beam-
forming for signal gain and reduction of interference by employing
antenna arrays [3–5]. Millimeter-wave communications appear to
be a good candidate for forthcoming wireless networks to handle
the demands of increasing mobile traffic. There are some criti-
cal factors for enabling mm-wave communications in upcoming
5G wireless communication networks [6], such as signal attenu-
ation due to free space propagation, atmospheric gases, and rain.
Overall, mm-wave communications are expected to be a key com-
ponent of the 5G era [7]. The incorporation of RAs allows for
more flexibility in the design of mm-wave MIMO systems. MIMO
technology is important for increasing the capacity of communi-
cation systems since it allows several antennas to operate at the
same time. As a result, the data rate, capacity, and dependability
of the communication link are all improved. As wide bandwidth
is necessary for concurrent operation in fifth-generation MIMO
antennas, while the high gain is necessary to limit atmospheric
diminutions and absorptions at mm-wave frequencies, and com-
pactness of structure is necessary to simplify assimilation inMIMO
systems. Apart from this, constructing antenna components that
are closely packed with low mutual coupling and better isolation,
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Table 3. Comparison table for the different reported papers

Ref.
Antenna
Type

GND size
(mm2) Frequency (GHz) Switching Technique Peak Gain (dBi)

Maximum Efficiency
(%𝜂)

[34] PIFA 30×70 1.85−1.99, 1.92−2.18,
5.15−5.825, 3.4−3.6

PIN diode and
varactor diode

2.84, 2.81,
1.25, and 1.49

93%, 91%, 89%,
91%, 93%, 63%

[35] Dipole 100×40 705−951, 1692−2457,
2862−3000 MHz

Varactor diode −2.480, 2.556,
5.650, −1.917,
2.376, 5.101 dB

−3.767, −2.251,
−1.505, −2.957,
−1.891, −1.555
(total eff. in dB)

[36] Dipole 100×40 646−848,
1648–2074 MHz

Varactor diode −2.480, 2.556,
5.650,−1.917,
2.376, 5.101

(realized gain in dB)

−3.767, −2.251,
−1.505, −2.957,
−1.891, −1.555
(total eff. in dB)

[37] Monopole 80×40 2400–2483 and
5150–5350,

3400–3600 MHz

PIN diode 3.81, 1.87, and 5.15 58.85%

[38] Microstrip Slot
Antenna & Microstrip
Printed Loop Antenna

150×150 1.8 GHz, 2.6 GHz,
496−862 MHz,
1710−1880,

2500−2700 MHz

PIN diode 3–5 55−83% lower
band and 75−92%

higher band.

[43] IFA 65×120 <1 GHz PIN & varactor
diodes

−3.64, 3.51 dB,
−2.18, 3.44 dB

(52%, 78%)
(34%, 78%).

[45] Slot 46×20 4.9−5.725,
2.4−2.5, 4.9−5.725

RF-MEMS 0.05, 2.9, 2.44, 3.16 41%, 83%, 65%, 71%

[49] Annular Slot 60×120 1.8−2.45 Varactor diodes 2.43 73%

[52] Monopole Slot 160×85 824−960 MHz,
1710−2690 MHz

PIN diodes – 37–54%,
55−73%

[55] Conc. Pent. slot 60×120 1.32−1.49, 1.76−5.2 Varactor diodes 4.5, 4.45, 4.08,
3.98, 3.8, 3.12,
2.78, 1.91, 0.5

75%, 68%, 71%,
79%, 81%, 60%,
56%, 51%, 40%

[60] Slot 60×120 0.665−1.13,
1.415−2.005,

2.42−3.09, 3.18–3.89

Varactor diodes (1.2, 1.8, 2.3,
3.4), (1.38, 1.85,
2.56, 3.65), (1.45,
2.01, 2.8, 3.95)

(59%, 65%,
72%, 82%),

(62%, 68%,73%,
83.5%), (64%,

70%, 76%, 85%)

[70] PIFA 90×50 2.3−2.4, 2.5−2.7,
and 3.4−3.6

PIN diodes 2.78, 1.99, 1.39 73.91%, 48.43%,
43.71%

which will increase antenna performance, is one of the issues con-
nected with MIMO antenna design. Therefore, RAs have received
a lot of interest because of their capability to operate in different
frequency bands and to keep up with the ongoing research and
development on mm-wave antennas for 5G networks.

In this review article, a thorough survey about the reconfig-
urableMIMO antenna is given. It includes different types of recon-
figuration techniques used to design the reconfigurable MIMO
antenna. Advantages and disadvantages of different reconfigurable
techniques are also discussed. This study also elaborates the ear-
lier proposed reconfigurable MIMO antenna started from 2005 to
2022. A comparison table (Table 3) is also given to give insight
of improvement over the years. Future smart RA will likely be
fully multipurpose and controlled by software and equipped with
machine learning skills that can discern and respond to alter-
ations in the RF environment. CR utilizations will be accomplished
using a new generation of antenna technology and communica-
tion protocols. The effective use of frequencies, as well as the use
of polarization diversity and radiation pattern reconfigurability to
send data over existing congested frequencies, will bemajor advan-
tages for such applications. According to recent studies, for wireless
communications, mm-wave frequencies could be used in addition

to the currently congested radio spectrum regions. At mm-wave
frequency ranges, the combination of reconfigurable approaches
with MIMO technology enhances the efficiency of mm-wave wire-
less communications. Furthermore, mm-wave carrier frequencies
enable wider bandwidth allocations, resulting in faster data trans-
fer rates. Because of the shorter wavelength, mm-wave frequencies
may take use of polarization and novel spatial processing tech-
niques like massive MIMO and adaptive beamforming.
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