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Abstract: The demand for miniaturized and efficient antennas
has surged with the proliferation of wireless communication
devices. This paper presents a comprehensive study on the design
challenges and innovative solutions related to miniaturised Super-
Wide Band (SWB) Multiple-Input Multiple-Output (MIMO)
antennas. The increasing demand for compact and high-
performance antennas in modern communication systems, such as
those used in IoT devices and wearable devices, has motivated
researchers to explore novel design approaches. This paper
explores the unique challenges associated with miniaturising SWB
MIMO antennas and highlights various solutions proposed to
address these Challenges. The proposed work presents a design of
a SWB antenna operating between 3.1 GHz and 40 GHz, with a
data rate of 600 Mbps and multiple notch bands. The Tapered slot
Feed provides wideband characteristics. The size of the SWB
antenna reduces to less than 50.6 x 10.6 x 3.3 (mm).

Index Terms: Evolutionary Algorithm, MIMO, Operating Band
and SWB Antenna.

I. INTRODUCTION

The advent of Super Wide Band (SWB) communication
technologies has paved the way for high-speed and low-
latency  wireless communication systems. However,
integrating SWB MIMO antennas into compact devices poses
significant design challenges. This section introduces the
motivation behind the study, emphasizing the growing
importance of miniaturized SWB MIMO antennas in
contemporary communication systems [1]. Super Wide Band
(SWB) antennas are designed to operate across an extensive
range of frequencies, typically covering multiple octaves
[19]. These antennas find applications in various fields,
including communication systems, radar, sensing, and
wireless connectivity [20]. Super Wideband (SWB) antennas
come in various designs and configurations to cater to
different applications and requirements [21]. The choice of a
specific type of super wideband antenna depends on the
application requirements, such as frequency range, gain, size
constraints, and directional characteristics [22]. Researchers
and engineers select the most suitable design based on the
specific needs of the system [23].
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Super Wide Band antennas exhibit fundamental
characteristics such as an extensive frequency range,
versatility, miniaturization, and high data rates [24],
frequency-independent performance, wide bandwidth,
adaptability to MIMO systems, directional or omnidirectional
patterns, low latency, compatibility with advanced materials
[25], and regulatory compliance [27]. These characteristics
collectively contribute to the broad applicability and
effectiveness of SWB antennas across various technological
domains [28]. Here are the types of SWB antennas given in
Table I:

Table I: SWB Antenna Types and Their Applications

SWB Antenna

Design
Types

Applications

Simple Dipole Radio and Television

Single dipole antennas

Antenna Broadcasting
Log-Periodic . A series of EMC testing and
dipole elements, broadband
Antennas . . -
exponentially varying communication.
Folded Antennas Folded dipoles or folded ‘ Enhance the _
monopoles impedance matching

Balun-fed or balanced | Radio astronomy and

Balanced Antennas | antennas, like the bow-tie] communication
or butterfly antennas. systems
Sierpinski Wireless
Fractal Antennas [2] carpet antennas are communication and
fractal antennas RFID

Planar Inverted -F
Antennas (PIFA)[3]

Compact and often

Patch i . .
atch antenna design usedin mobile

;1] with shorting pins devices.
Micro-strip and
Printed Antennas[4]| printed dipole  5G Communication
antennas

. . Used in multi-band
Consistently driven

Sleeve Antennas element communication
system
Satellite
Spiral Antennas Spiral shape communication and
radar

II. RELATED WORKS ON WIDE BAND ANTENNA
DESIGN

A. Significant Work Carried Out concerning Different
Design Methods of Super Wideband Antenna

i.Miniaturization Techniques:

= Fractal Antenna-Fractal geometries have been explored
for miniaturizing antennas while maintaining wideband
characteristics. Fractal antennas exhibit self-similar
patterns at different scales, allowing for compact designs
with broadband capabilities. Fig. 1 illustrates various
types of Fractal designs used in
antennas [2].
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[Fig.1. a. Geometry of the Spline-Based Printed Monopole
Antenna. Fig.1. b. Printed Spline Based Antenna with H
Shaped Structure]

=  Meta-materials-  Meta-materials are  artificially
engineered materials with properties not found in nature
[33]. They have been used to create compact antenna
structures with unusual electromagnetic properties,
enabling miniaturization while maintaining or enhancing
performance [40].

= MEMS (Micro-Electro-Mechanical Systems) Technology-
MEMS-based approaches integrating tiny

mechanical elements info the antenna structure. This

involve

allows for dynamic adjustments to the antenna geometry
[29], providing opportunities for miniaturization and
tune-abilityB.

= Printed antenna-Printed antennas on dielectric substrates
are commonly used for miniaturization. Techniques such
as meandering or folding of the radiating elements are
employed to reduce the physical size while preserving
wideband characteristics [5].

B. Evolutionary Design Methods

= Genetic Algorithms (GAs): GAs have been applied to
antenna design to optimize parameters such as antenna
geometry [30], feed positions, and matching networks
[32]. The algorithm evolves a population of potential
antenna solutions over multiple generations to converge
towards an optimal or near-optimal design [34]. Figure 2
shows a few examples of evolutionary genetic algorithm-
based antennas [35].

()

[Fig 2a. Broadband Antenna using Genetic Algorithm, b.
Genetically Grown Antenna, c. Wideband Wearable Antennas
for 5G, IoT and Medical Applications]
= Particle Swarm Optimization (PSO): PSO 1is another
evolutionary algorithm used for antenna design [36]. The
social behavior of birds and fish inspires it. Antenna
parameters are adjusted iteratively based on the movement

of particles in a multidimensional search space [37].
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[Fig.3: Particle Swarm Optimization Wideband Antenna]

= Ant Colony Optimization (ACO): ACO is inspired by the
foraging behavior of ants [38]. It has been applied to
antenna design problems, where artificial ants iteratively
construct solutions by depositing pheromones on
favourable paths in the design space [6].

2

Ant.a Ant.b Ant.¢

[Fig.4: Different Stages of Elliptical Fractal Slot-
Loaded MIMO Antennas]

= Differential Evolution (DE): DE is a population-based
optimisation algorithm that has been applied to antenna
design. It operates by maintaining a population of
candidate solutions and iteratively refining them through
mutation and recombination

C. Significant work carried out concerning
Miniaturization of SWB Antennas using Evolutionary
Methods to Achieve Compact Designs

UWRB antennas can vary in size depending on the specific
design and application requirements. UWB spans a frequency
range from approximately 3.1 GHz to 10.6 GHz, enabling
applications such as high-data-rate communications, imaging,
and radar. Planar monopoles, printed antennas, and slot
antennas are commonly used for UWB designs. Design methods
include impedance matching techniques, fractal geometries, and
the use of metamaterials to achieve desired UWB
characteristics.

Similar to UWB antennas, the size of SWB antennas can vary
based on the application and design approach.
Miniaturization techniques and compact geometries are often
explored for SWB antennas. SWB antennas cover an even
broader frequency range than UWB antennas, typically
exceeding 10 GHz and may extend up to 100 GHz.

Designing SWB antennas involves advanced techniques,
such as frequency-independent antennas, log-periodic
antennas, and tapered slot antennas, which are commonly
explored. Numerical simulation tools like Finite Element
Method (FEM) and Method of
Moments (MoM) are often
employed in the design and
optimization process [9].

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.


https://doi.org/10.35940/ijies.A1089.12020225
https://doi.org/10.35940/ijies.A1089.12020225
http://www.ijies.org/

OPENaACCESS

International Journal of Inventive Engineering and Sciences (IJIES)
ISSN: 2319-9598 (Online), Volume-12 Issue-2, February 2025

Table 2: Existing UWB and SWB Antenna Size, Operating Frequency and Design Methods

Reference Size in mm3 Operating Frequency in GHz Applications Design Methods
[2] ‘5‘7;1( 2 1.8/5.2/5.75 GNSS/WiMAX/WLAN/X-band Fractal Antenna
20 %2 .
[4] 5 x1 2.30-2.5/4.5- 6.36 WLAN Printed antenna
[6] 8 ig ;51 3.24- 8.29/9.12-11.25 WIiMAX/C- band, WLAN Ant Colony Optimizati
[7] 2(? ;12 5.8/9.8/17 WLAN/ Satellite applications Julia fractal
(8] 00s 1.575/2.42.485/5.15 -5.85 GPS/Wi-Fi Differential Evolution

D. Choice of Substrate

The choice of substrate material is critical in the design of
super wideband antennas, as it affects the antenna's
performance, size, and other characteristics [10]. Here are
some substrate materials commonly used in the design of
SWB antennas, along with their electrical properties, which
are characterised by a Dielectric constant, return loss, and
gain. A comparison of the Available substrate and its
electrical properties is tabulated in Table III.

Table 3: Comparison of Available Substrate and Its
Electrical Properties

. Roge r RT | Taconic Roger FR-4 .
Properties |, id@m) TLC | RO4003 | Epoxy |P2keliTe
Dielectric 22 32 35 44 48

constant
. 2626 | -31.06 2064 | -30.68
Return Loss 25.02
VSWR 1.26 1.61 1.68 128 1.78
Gain(dB) 3.429 5.11 5.20 1.89 3.286
III. DEVELOPING MULTIBAND (MIMO)

SYSTEMS AND ANALYZING THEIR
PERFORMANCE

A. Algorithms to Develop MIMO

Developing a Multiband Multiple-Input Multiple-Output
(MIMO) system with a Super-Wideband (SWB) antenna
involves several steps, including design, simulation, analysis,
and testing. Here is an Algorithm to develop and analyze the
performance of such a system:

1. Define System Requirements: define the requirements of
the MIMO system, including the number of antennas,
frequency bands of interest, data rates, and any specific
performance metrics.

2. Consider the antenna type (e.g., dipole, patch, and
fractal), radiation pattern, and polarization to meet the
system requirements.

3. Determine the MIMO system architecture, including the
number of transmit and receive antennas. Decide on the
modulation scheme, coding, and other system
parameters.

4. Develop a realistic channel model that includes the
effects of propagation, fading, and interference. Consider
the characteristics of the communication environment
where the MIMO system will operate.

5. Utilise simulation tools such as HFSS, Vector Network
Analyser, CST Studio Suite, MATLAB, or Simulink.
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[Flg 5: Quad-Port Planar Multiple-Input-Multiple-
Output SWB Antenna with Triple-Band Rejection]

B. Selection of Antenna Feed Type

Super-wideband antennas require efficient feeding
mechanisms to ensure proper signal transmission and
reception across their wide frequency range. Several types of
feeds can be used for super-wideband antennas, each with its
advantages and disadvantages. The following are some
common types, as listed in Table IV. The choice of feed
mechanism depends on the specific requirements of the super-
wideband antenna, including its frequency range, radiation
pattern, and application constraints. Designers often use a
combination of analytical methods and simulation tools to
optimize the performance of the chosen feed for the desired
frequency range.

Table 4: Different SWB Antenna Feeds and Their
Advantages, Considerations

Feed Type Advantage Considerations
Simple and widely used. May  exhibit  higher
Coaxial Feed [11]| Well-suited for low to losses at extremely high|
moderate frequency ranges. | frequencies.
Compact  and suitable for May exhibit some losses,
Microstrip Feed | planar antenna designs. Can and tuning may be
[39] be integrated into printed required  for different
circuit boards. frequency bands.
Offers sound isolation

Design complexity may

Aperture- Coupled increase  with  higher

between the feed and radiating

Feed [13] element. It can be used for .
frequency requirements.
phased array antennas.
Good common-mode . .
rejection, Suitable for Des1gn comp lexity may
Balanced Feed [10] ) require precise

applications  with
noise requirements

stringent | . .
g impedance matching

Log-Periodic Feed Well-suited for wide Cc_)mplexlty _ increases
[14] frequency ranges. Frequency- | with the size of the
independent characteristics antenna.

Offers  good —impedance Size and complexity may
Cavity Feed [12] | matching and  radiation |
characteristics ncrease
Provides broadband | Design complexity may
Tapered Slot Feed| characteristics  and  is | increase with higher
[13] suitable for array | frequency
configurations requirements.
. . Sensitive to the
Proximity Can offer sound isolation | {istance between the
and broadband o
Coupled Feed [6] . Feed and radiating
characteristics
element

Summary: Tapered Slot Feed is
suitable for SWB antenna
design With MIMO.
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IV.  ANALYSIS OF SWB ANTENNA PROPERTIES
SUCH AS RADIATION CHARACTERISTICS AND
OPERATING BANDWIDTH

A. The analysis of Super Wide Band (SWB) antenna
properties involves examining key characteristics such as
radiation patterns and operating bandwidth. Here is the list
of analyses and their properties provided in Table V.

Table 5: Analysis of Radiation Characteristics and

Operating Bandwidth
Radiation Pattern: omnidirectional or

Radiation dlrect.lon'a ! .

. Polarization: linear,
Characteristics [15] . s
circular, or elliptical
polarization

Frequency Response, Return Loss

(VSWR), Bandwidth
Group Delay: measures the time it
takes for different frequencies to

pass through the antenna

Operating Bandwidth
[16]

The practical implementations of miniaturised SWB MIMO
antennas' Performance metrics, including gain, efficiency,
and radiation patterns, are analysed to validate the
effectiveness of the proposed solutions. Utilization of
flexible, renewable, biodegradable and recyclable materials
as components for the device [17].

B. Enhancements: Enhancing the performance of Super

Wide Band (SWB) antennas often involves optimizing

various antenna parameters and employing advanced

techniques to overcome inherent challenges. Here are several
enhancement techniques for SWB antennas:

1. Employ optimisation algorithms, such as Genetic
Algorithms (GAs) or Particle Swarm Optimisation (PSO),
to optimise the geometry, dimensions, and other
parameters of SWB antennas for improved performance.

2. Employ techniques such as Multiple-Input Multiple-
Output (MIMO) configurations to enhance performance
and achieve better coverage [1].

3. Implement differential feeding to enhance bandwidth and
reduce common-mode noise.

4. Experiment with novel materials or composites that
exhibit desired characteristics such as high conductivity,
low dielectric loss, and suitable impedance matching.

5. Utilize advanced printing technologies and design
techniques to create compact and efficient SWB antennas
with improved performance.

6. Optimize the geometry and material properties of
dielectric resonators to enhance bandwidth and radiation
efficiency.

7. Integrate FSS structures into the antenna design to control
and improve the frequency response, reducing
interference and enhancing selectivity.

8. Optimise balun and matching network designs to improve
impedance matching over a wide frequency range, thereby
enhancing overall antenna performance.

Enhancing SWB antenna performance involves a
combination of innovative design approaches, advanced
materials, and optimization techniques. Depending on the
specific application and requirements, a combination of these
enhancement techniques can be tailored to achieve the
desired wideband characteristics and overall performance.

C. Distinctive Features of Existing and Proposed SWB

Antenna Distinctive features are used to classify future
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research in the field of miniaturized SWB MIMO antennas.
Emerging technologies, such as wireless communication and
IoT, are discussed as promising areas for further exploration.
The importance of addressing evolving communication
standards and the dynamic nature of wireless communication
environments is emphasized.

Table 6: Distinctive Features of Existing and

Proposed SWB Antenna
Propertie s UWB Existing SWB Proposed SWB
Antenna
Frequenc 31' (l)cggiltz" 3.1GHz to 3.1GHz to
y Range '[1 8] 20GHz [40] 40GHz
Data Rate 100m1\2/11:)ps ( 600Mbps(max) 600Mbps
Range 10 meters 100 KM 100 KM
. 50.6 x 10.6 x 3.3
Size 35mm  x (mm)
Miniaturi Less
zation [7] 32mm 40mm x 30mm
45mm x 45mm
. 0.8 - . .
Gain 4.1dBi 1dBi High
Five
33 3.2-3.8 GHz,
. 5.00-5.35
Notch 42GHz 3.43-3.65 GHz, GHz, 5.55-6.16
band [40] >0 495325 GHZ. 1 Gz, 7.04-8.09
a 5.4GHz 5.36-5.85 GHz s 10
Dual) GHz,
( 10.2-11.9
GHz
S“'ffg]ate FR-4 Roger 4350 FR-5/FR-6

The perceptions presented in this paper aim to guide future
research efforts in the pursuit of high-performance
miniaturized SWB ~ MIMO  antennas.  Achieving
miniaturisation is crucial for integration into modern devices,
where size constraints are significant. It’s important to note
that the specific features of SWB antennas can vary based on
the design and intended application, and the above
characteristics are general trends associated with these
antennas. Table VI provides a summary of the distinctive
features of the existing and proposed SWB antenna.

V. CONCLUSION

This paper provides a comprehensive overview of the
design challenges and solutions associated with miniaturized
SWB MIMO antennas. In conclusion, the use of evolutionary
algorithms has provided valuable insights into the
complexities and opportunities associated with developing
compact, multifunctional antennas (MIMO) for modemn
wireless communication systems. The research has addressed
the inherent challenges in achieving miniaturisation while
ensuring the antenna meets the demands of Super-Wideband
and MIMO applications. The incorporation of evolutionary
algorithms, such as genetic algorithms or particle swarm
optimisation, has proven effective in optimising antenna
parameters and achieving the desired performance metrics.

The intuitions gained from this research contribute to the
ongoing efforts in developing advanced antenna systems for
emerging communication technologies, including 5G and
beyond [26]. The evolutionary
algorithm-based design
approach offers a systematic
and efficient method for
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overcoming design challenges, showcasing the potential for
further advancements in the field of antenna engineering.
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