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Abstract:

Microwave antennas have become an integral component in modern communication systems due to their
ability to transmit and receive high-frequency electromagnetic waves efficiently over long distances. This
literature survey provides a comprehensive review of the various microwave antennas technologies, their
design principles, and key performance characteristics. This study develops into the evolution of
microwave antennas from traditional designs like horn antenna, parabolic reflectors to more advanced
structures such as microstrip, phased array, and dielectric resonator antennas. The frequency range of a
microwave antennas typically falls within 300 MHz to 300 GHz, which corresponds to wavelengths that
ranges from 1m to 1 mm. These advancements have been driven by the need for miniaturization, higher
bandwidth, improved gain, and better radiation efficiency, particularly in applications like satellite
communications, radar systems, and wireless networks.
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1. Introduction

Microwave antennas play a critical role in a wide range of applications, including radar, satellite
communications, wireless networks, and medical imaging. Their unique ability to operate at high
frequencies enables high data transmission rates and precise targeting, essential for both commercial and
defence systems. With advancements in technology, researchers have increasingly focused on improving
microwave antenna performance in terms of directivity, gain and bandwidth and miniaturization to meet
the stringent demands of modern communication systems.

This literature survey aims to present an overview of recent developments, challenges, and trends in
microwave antenna design. It examines various antenna types, such as microstrip patch antennas, horn
antennas, and parabolic reflectors, along with innovations in materials, structure, and simulation
techniques. Microwave antennas are categorized into several types, including horn antennas, microstrip
patch antennas, parabolic reflectors, and phased arrays, each with unique characteristics suitable for
various applications. This survey examines recent innovations in antenna materials, structural design, and
fabrication methods aimed at optimizing performance metrics like gain, directivity, and radiation
efficiency. Emphasis is placed on factors like efficiency, power handling, and adaptability for different
frequency bands, as well as novel designs that enhance radiation properties and reduce signal loss. By
synthesizing key findings from the existing body of research, this survey provides a foundation for
understanding current limitations and potential directions in microwave antenna development.

A. Antenna Definition

An antenna is a device that transmits and receives electromagnetic waves, often for communication
purposes. It works by converting electrical signals from a transmitter into radio waves that propagate
through space, and vice versa, capturing incoming radio waves and converting them back into electrical
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signals for a receiver. Antennas are essential for enabling wireless communication across various devices
and systems, including radios, televisions, mobile phones, satellite links, and radar.

B. Radiation Pattern

The radiation pattern of an antenna is a graphical representation that describes how an antenna radiates or
receives energy in space. It shows the distribution of radiated power as a function of direction, typically
displayed in two or three dimensions, and is critical for understanding an antenna's performance in
different directions. It represents the field strength at a particular distance from antenna at all points in
space. It consists of two principle planes namely E-plane (electric field plane) and H-plane (Magnetic field
plane).The radiation pattern helps engineers determine how well an antenna will perform for a given
application. By understanding the distribution of radiated power, it is possible to maximize signal strength
where needed and reduce interference in undesired directions, optimizing the overall and complete
efficiency of the communication system. The radiation pattern helps engineers determine how well an
antenna will perform for a given application.

The calculation of Radiation Pattern is

U,
F(0.0)= G

Umax

Where, Umax is the maximum value of U (usually in the direction of the main lobe).

C. Effective Aperture

Effective capture, or effective aperture (Ae) of an antenna, is a measure of its ability to capture power from
an incoming electromagnetic wave. It represents the hypothetical area over which the antenna collects
energy from the wavefront, which is then converted into an electrical signal for processing. The larger the
effective capture area, the more power the antenna can receive from a given signal.

The effective aperture (Ae) of an antenna is related to the antenna's gain (G) and the wavelength (1) of the

signal by the formula:

226
A,=—
€ aAx

Where, A represents the wavelength of the incoming signal and G represents the gain of the antenna
(unitless but often expressed in decibels (dB)).

D. Directivity

Directivity is a measure of how concentrated an antenna’s radiation pattern is in a particular direction. It
indicates the ability of an antenna to focus energy in a specific direction when transmitting or to receive
energy from a specific direction when receiving. Directivity is a key parameter for antennas used in
applications where focused radiation is required, such as in satellite, radar, and long-distance
communication systems.

The formula to calculate the directivity of an antenna in terms of the total radiated power P,.,4 and the

maximum radiation intensity U,,,, iS:
D=2"Umax
Praq

Where, P, .41t is the total power radiated by the antenna (integrated over the entire radiation sphere).
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E. Directive Gain on Antenna

Directive gain of an antenna, often referred to simply as gain, is a measure of how effectively an antenna
can direct radio waves in a specific direction compared to a reference antenna, typically an isotropic
radiator. It quantifies the ability of the antenna to focus energy in a desired direction when transmitting or
to receive energy from that direction when receiving.

The directivity D and efficiency n, the directive gain G is:

G=nD
Where, Efficiency 1 accounts for power losses in the antenna and ranges from 0 to 1.

Prad
Pin

where, P,,4 is the total power radiated by the antenna (W), and p;,, is the total input power supplied
to the antenna(W).

F. Antenna Lobes

Antennas lobes refer to the patterns of energy radiation or reception in different directions. When an
antenna radiates electromagnetic waves, it doesn't distribute energy evenly in all directions; instead, it
creates areas of higher and lower intensity. These areas are visualized in what's known as the antenna'’s
radiation pattern and are categorized as lobes, which include main lobes, side lobes, and sometimes back
lobes.

2. Classification Of Antennas

Antennas can be classified based on various criteria, including their physical structure, radiation pattern,

frequency range, and application.

Based on Radiation Pattern,

Based on Frequency Range,

Based on Physical Structure,

Based on Polarization,

Based on Application

6. Based on Feed Mechanisim.

1.Based on Radiation Pattern

Antenna radiation patterns describe the distribution of the radiated power of an antenna in space. Different

types of antennas have unique radiation patterns based on their design, purpose, and frequency of

operation. These patterns help us understand how antennas transmit or receive signals in different

directions. Below are the details of radiation patterns for different types of antennas:

e Omnidirectional Antennas: Radiate equally in all horizontal directions. Commonly used in
applications like broadcasting and mobile communication.

e Example: Dipole Antenna.

e Directional Antennas: Focus energy in a specific direction, increasing gain and range in that
direction. Used in point-to-point communication and radar.

e Examples: Yagi-Uda Antenna, Parabolic Dish Antenna, Horn Antenna.

o s wNh e
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e Isotropic Antennas: A theoretical antenna that radiates uniformly in all directions, forming a perfect
sphere around the antenna.
e Examples: Horn Antenna, Parabolic Dish Antenna, Dipole Antenna.

Types of Radiation Patterns

Idealized
Vertical Dipole Radar Dish

Isotropic Omni-directional Directional

Point Radiator

21

Fig. 1. Types Of Radiation Pattern

2. Based On Frequency Range

e LF(Low Frequency): 30 kHz to 300 kHz.

e MF(Medium Frequency): 300 kHz to 3 MHz.

e HF(High Frequency): 3 MHz to 30 MHz.

e VHF(Very High Frequency): 30 MHz to 300 MHz.

e UHF(Ultra High Frequency): 300 MHz to 3 GHz.

e SHF(Super High Frequency): 3 GHz to 30 GHz.

e EHF(Extremely High Frequency):30GHz to 300GHz.

“m Fraeney RN m

Extremely Low Frequency ELF 3 Hz-30Hz 10,000 km — 100,000 km
Super Low Frequency SLF 30 Hz - 300 Hz 1,000 km — 10,000 km
Ultra Low Frequency ULF 300 Hz - 3 kHz 100 km — 1,000 km
Very Low Frequency VLF 3 kHz - 30 kHz 10 km — 100 km
Low Frequency LF or LW 30 kHz - 300 kHz 1km =10 km
Medium Frequency MF or MW 300 kHz - 3,000 kHz 100 m -1 km
High Frequency HF or SW 3 MHz - 30 MHz 10 m-100m
Very High Frequency VHF 30 MHz - 300 MHz 1m-10m
Ultra High Frequency UHF 300 MHz — 3,000 MHz 10 cm — 100 cm
Super High Frequency SHF 3 GHz - 30 GHz lem—-10cm

Fig. 2. Different Kinds of Frequency Range and wavelength performed in antenna

3. Based On Physical Structure

Antennas classified by physical structure show diverse designs suited for a variety of applications.
Choosing the right physical structure helps optimize an antenna’s performance for specific operational
requirements, from high-gain directional needs in radar and satellite communications to compact, low-
profile designs for consumer electronics.
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e Wire Antennas: Made of conductive materials like copper or aluminum. They are simple in design
and can be easily constructed.

o Examples: Dipole Antenna, Monopole Antenna.

e Planar Antennas: Flat, often lightweight and low-profile, making them suitable for compact
applications.

o Examples: Microstrip Patch Antenna, Slot Antenna.

e Reflector Antennas: Use a reflective surface to focus and direct signals.

e Examples: Parabolic Reflector Antenna.

e Array Antennas: Comprise multiple elements to achieve desired radiation characteristics.

o Examples: Phased Array Antenna.

Whip / Monopole Antenna Dipole Antenna
g Two Monopoles facing away from each other.
Usedonsmal ﬁ;os v Used to create a powerful signal in a restricted space.
Yagi Antenna Loop Antenna
m " ealforlongdstance range " Workslke a Dipole and can reach mulip
and directional applications. Can reach multiple frequencies, Commonly used for TV and RFID Systems.
LY Bowtie Antenna » Dish Antenna

Another type of Dipole. ‘ Large surface space collects a ot of signal
Angles can be set towork well with different frequendies. Works wel for high frequendes, TV and sound.

Fig.3. Physical Structure of Antennas

4. Based On Polarization

Polarization of an antenna refers to the orientation of the electric field of the radiated electromagnetic

wave. The polarization of an antenna is an essential characteristic that affects how efficiently it can

transmit or receive signals, as the receiving antenna must ideally match the polarization of the transmitting

antenna for optimal signal transfer. The various types of antenna which have numerous applications:

e Linear Polarization: The electric field oscillates in a single plane (vertical or horizontal).

e Circular Polarization: The electric field rotates in a circular motion, which can be right-handed or
left-handed.

e Elliptical Polarization: A general case of circular polarization where the electric field describes an
ellipse.

direction of propagation

2 A

l Linear \l\Circular + Elliptical

Fig.4 Direction Of Polarization of Antenna
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5. Based On Application

e Communication Antennas: Used in mobile, satellite, and radio communication systems.
Examples: Yagi-Uda, Parabolic, and Patch Antennas.

e Broadcast Antennas: Designed for radio and television broadcasting.
Examples: FM Broadcast Antenna, TV Transmitter Antenna.

e Radar Antennas: Specialized for radar systems to detect and track objects.
Examples: Parabolic Antenna, Phased Array Antenna.

e Measurement and Testing Antennas: Used in measurement setups and for testing.
Examples: Loop Antennas, Biconical Antennas.
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Fig.5 (a) & (b) Various Forms of Antenna applications

6. Based On Feed Mechanisms
e Active Antennas: Contain active components (like amplifiers) to boost the signal.
e Passive Antennas: Do not have active components and rely solely on their structure for operation.

Active Antenna Versus Passive Antenna Design

Active antenna Passive antenna
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Fig.6 Mechanism of Antenna

3. MICROWAVE ANTENNA

A microwave antenna is an antenna specifically designed to transmit and receive electromagnetic waves
within the microwave frequency range, which generally spans from 1 GHz to 300 GHz. At these high
frequencies, antennas can be compact and capable of high data transmission rates, focused radiation
patterns, and excellent directionality, making them ideal for applications like satellite communication,
radar, cellular networks, and point-to-point communication links.

An Antenna is a structure affiliated with the region of transition between the “guided wave” and “free
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space”. Antenna can be used for both Transmission and Reception of electromagnetic radiation i.e. a
Transmitting Antenna with collect electrical signals from a transmission line and converts them into radio
waves whereas a Receiving Antenna does the exact opposite i.e. it accepts radio waves from the space and
converts them to electrical signals and gives them to a transmission line.

The following are the different types of microwave antenna:

Microstrip Patch Antenna,

Horn Antenna,

Dielectric Lens Antenna,

Bow-Tie Antenna,

Yagi-Uda Antenna,

Phased Array Antenna,

Parabolic Reflector Antenna,

MIMO Antenna.

N O~

1.Microstrip Patch Antenna

A microstrip patch antenna is a type of antenna with a flat, rectangular or circular conductive patch on one
side of a dielectric substrate and a ground plane on the other. It operates mainly at microwave frequencies
(1-100 GHz) and is highly valued for its low-profile, lightweight design, making it suitable for compact,
portable devices and integrated circuits. Patch dimensions mainly the length and width of the patch
determine the resonant frequency and radiation efficiency. The patch is typically made from conductive
materials such as copper or gold. These antennas utilize photolithographic technology, where both the
patch and feed lines are photo-etched onto a dielectric substrate. Dielectric Constant of the Substrate
affects the antenna’s bandwidth, efficiency, and size higher values allow for smaller antennas but reduce
efficiency. Substrate Thickness increasing the thickness improves bandwidth but can lead to increased
surface waves, potentially affecting efficiency. Feed Position placement of the feed affects impedance
matching and radiation pattern.

Made of a metal patch (often rectangular or circular) on a dielectric substrate, with a ground plane on the
opposite side. The patch is excited by an RF signal, creating surface currents that radiate electromagnetic
waves. Common feeding methods include microstrip line feed, coaxial feed, proximity coupling, and
aperture coupling, each influencing bandwidth and impedance.

Substrate

Ground plane
Structure of Microstrip Antenna

Fig.7 Microstrip patch Antenna
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e Applications: Microstrip patch antennas are used in:

e Mobile Devices commonly in smartphones, tablets, and portable wireless devices, where compact size
and low weight are essential.

e GPS and Navigation systems utilized in GPS receivers due to their precision and compatibility with
high-frequency signals.

e Satellite Communication oftenly used in satellite communication systems for their high-frequency
handling and lightweight design.

e Wearable and IOT devices used in I0T sensors and wearable devices due to low profile and ease of
integration into complex circuits.

2. Horn Antenna

A horn antenna is a type of antenna that has a flared metal waveguide, resembling a horn shape, which
directs radio waves into a beam known for its simple design and effective high-frequency operation, it is
widely used in applications requiring high gain and directional radiation, such as in radar, microwave
communication, and satellite systems.

The horn antenna functions as a waveguide where the flared section gradually expands, causing the
electromagnetic waves to radiate into a controlled, narrow beam. The flare angle and length of the horn
are designed to ensure minimal reflection, maximizing the power that radiates out. The expanding shape
allows for a smoother impedance transition between the waveguide and free space, improving efficiency.
It consists of a waveguide that expands into a larger horn-shaped opening. This shape helps direct the
energy outwards in a beam, increasing gain and reducing signal loss. The horn shape helps focus the signal,
making it highly directional, allowing for precise targeting and reception.

The flared shape of the horn antenna minimizes the amount of reflected signal back into the waveguide,
reducing noise and interference.

DIFFERENT TYPES OF HORN ANTENNA

Fig.8 Different Types of Horn Antenna

Horn antennas are a natural evolution of the concept that any antenna serves as a transition region between
guided and radiated waves. Typically, horn antennas are connected to a waveguide feed at the rear and
gradually flare outward. These antennas can take various shapes, including rectangular, circular, and
elliptical. To achieve optimal radiation patterns—characterized by a narrow main lobe and low side
lobes—the horn's length should generally be larger than its aperture width. However, antenna size must
also be considered, requiring a trade-off between overall size and aperture area during the design process..
The different types of horn antennas:
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1. Pyramidal Horn: Square or rectangular in shape.

2. Conical Horn: Cylindrical with a circular opening.

3. Sectoral Horn: Flared in one plane (either horizontal or vertical), which gives it a fan-shaped beam.

Applications:

e Satellite Communication: Horn antennas are widely used to transmit and receive satellite signals due
to their high gain and ability to focus signals in a specific direction, which is essential for long-distance
communications.

e Radar Systems: In radar applications, horn antennas are used to detect objects at long distances. Their
high directivity enables precise beam focusing, which is crucial for accurate targeting and tracking.

e Radio Astronomy: Radio telescopes often use horn antennas to detect weak cosmic signals from
distant celestial objects, as they provide low-noise operation and a highly directional beam.

3. Dielectric Lens Antenna

A dielectric lens antenna is a type of antenna that uses a dielectric material, such as glass, plastic, or

ceramic, shaped in the form of a lens to focus or collimate electromagnetic waves. By carefully controlling

the shape and material properties, these antennas can direct radio or microwave waves, focusing the beam

for higher gain and improved directivity, much like an optical lens does for light. The dielectric material

refracts the electromagnetic waves, changing their direction as they pass through the lens. Different

materials with specific refractive indices are chosen based on the desired wavelength. The lens focuses

the signal into a narrow, directed beam, achieving high gain and sharp beam control. This feature makes

dielectric lens antennas ideal for applications needing highly focused signals.

Dielectric lens antennas often provide a broad bandwidth, enabling them to function effectively across a

wide range of frequencies.

The different types of Dielectric Lens Antenna are:

1. Planar Lens: Shaped flat, it can be integrated with other devices and antennas, typically used in
compact configurations.

2. Conical or Hemispherical Lens: Shaped conically or hemi spherically to provide specific focal
properties, often for high-gain, highly directional applications.

Dielectric
Lens

Source ) )

Spherical
wave front Plane wave
front

Action of Dielectric Lens
Ele cs Desk

Fig.9 Di-electric Lens Antenna

Applications:
e Satellite and Space Communication: Used to transmit and receive signals over long distances with
high gain, critical for satellite and space communications.
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e Millimeter-Wave and Terahertz Systems: In applications requiring millimeter and terahertz
frequencies (like 5G, automotive radar, and high-frequency research), dielectric lens antennas provide
precise directionality.

e Wireless and Microwave Communication: Often used in point-to-point communication links, they
provide a focused beam for high-speed data transfer over long distances with minimal loss.

4. Bow-Tie Antenna
The bow-tie antenna operates on the principles of a dipole antenna but with a unique triangular shape that
enhances its bandwidth and efficiency. The bow-tie shape consists of two triangular metallic elements
connected at a central feed point. When an alternating current flows between these elements, an
electromagnetic field is generated, radiating outward in a broad, omnidirectional pattern. The triangular
shape of each "wing" increases the effective width of the antenna, which lowers the impedance variation
over a wide frequency range. This design allows the bow-tie antenna to support multiple frequencies at
once, achieving broad bandwidth. The current distribution is concentrated along the edges of the triangular
elements, which creates a wider frequency response than a standard dipole, allowing the antenna to operate
over a broad range of frequencies.
Bow-tie antennas can cover a wide frequency range, making them suitable for applications requiring multi-
frequency or wideband operation. The shape of the bow-tie antenna allows it to achieve better impedance
matching over a wide frequency range, reducing signal reflection and improving efficiency. The antenna
has an omnidirectional pattern in the horizontal plane, providing uniform coverage across a wide area,
although it has a more directive pattern in higher frequencies. While the gain is typically moderate, the
bow-tie shape can be adjusted (by increasing element size) to enhance gain and directionality.
Applications:
e TV and Broadcast Reception: Commonly used in TV antennas to cover multiple channels and
frequencies.
e UWB (Ultra-Wideband) Systems: Used in UWB communications, radar, and imaging systems due
to its wide bandwidth.
e Wireless Communications and Antenna Testing: Often used in testing and research for broadband
and high-frequency applications due to its stable, predictable performance.

-

Fig.10 Bow-Tie Antenna

5.Yagi-Uda Antenna
The Yagi-Uda antenna (often just called the Yagi antenna) is a highly directional antenna widely used in
television reception, amateur radio, and various wireless communications due to its simplicity, high gain,
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and ability to focus radio signals in a specific direction. Named after its inventors, Shintaro Uda and
Hidetsugu Yagi, it consists of multiple elements arranged in a line, which enables it to radiate or receive
energy primarily in one direction. A Yagi-Uda antenna typically consists of three main types of elements
are driven element, reflector element and director element.

Driven Element (Dipole) is the feedline connected to the driven element generates an oscillating current.
This oscillation produces an electromagnetic wave that radiates outward from the driven element.
Reflector Element is the reflector is typically placed about 0.15A (wavelength) behind the driven element.
The wave from the driven element induces a current in the reflector, but because the reflector is slightly
longer than the driven element, it lags in phase by approximately 180 degrees. This phase shift reflects
energy back toward the driven element, reducing radiation in the reverse direction and increasing it in the
forward direction. Director Elements is the directors, which are slightly shorter and positioned about 0.15A\
in front of the driven element, work by introducing a phase lag and enhancing the forward direction of the
radiation. The shorter length of the director elements causes them to be inductive, which brings the waves
in-phase with those radiated by the driven element, effectively "pushing” the energy in the desired
direction. Here are the key equations in designing of the Yagi-Uda Antenna are:

e Driven Element: Ly ipen~0.5 A

e Reflector Element: L,cfiector > Lariven

e Director Element: Lgirector < Lariven

Clamp —>»

Feed Lines

Drivern Gomponant
{Folded Dipole)

Fig.11 Yagi-Uda Antenna

Applications:

Yagi-Uda antennas are widely used across various applications, especially where directional signal focus

IS needed:

e Television Reception: Commonly used for over-the-air television antennas due to its high gain and
ability to receive signals from distant broadcast towers.

e Ham and Amateur Radio: Popular among amateur radio enthusiasts for communication at VHF and
UHF frequencies.

e Wi-Fi and Wireless Communications: Occasionally used for long-distance point-to-point Wi-Fi
links, especially in rural areas.

e Radar Systems: Used in certain radar applications, especially where high directionality is needed at
specific frequencies.

6. Phased Array Antenna
The phased array antenna is an advanced type of antenna system that uses multiple radiating elements to
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form a highly directional beam, which can be electronically steered without physically moving the
antenna. Phased array technology has applications in radar, satellite communications, wireless networks,
and even in medical imaging systems. A typical phased array antenna consists of multiple identical
radiating elements, such as dipoles or patches, arranged in a regular pattern (usually in a linear or

rectangular grid). Each element can radiate a signal, and when combined with others, they form a
collective radiation pattern that can be controlled by adjusting the phase of the signals feeding each
element.

Phase Shifting of an each element in the array is fed a signal of the same frequency, but the phase of each
signal can be independently adjusted. By changing the phase of each element’s signal, the resulting
wavefront can be directed in a specific direction. Beam Steering is when the phase difference between the
elements is zero, the beam points directly in front of the antenna array (broadside). When phase shifts are
applied, constructive interference occurs in a specific direction, creating a main lobe that is pointed at the
desired angle. Conversely, destructive interference reduces radiation in other directions, reducing side
lobes and unwanted radiation. Dynamic Control operates by continuously adjusting the phase of each
element, the beam can be quickly steered across a range of angles. This steering happens electronically,
which allows the beam direction to be changed almost instantaneously without physical movement of the
antenna.

[ Phased Array Antennas]

* Multiple ined to iation and shape pattern

Element

T\

LA

................. ion

(a)

Response
Res

Linear Array Circular Array

Planar Array

(b)
Fig.12 (a) and (b) Phased Array Antenna

Conformal Array

Applications:

e 5G and Wireless Communications: Phased arrays are crucial for 5G base stations and other high-
frequency communication systems, where beamforming is used to improve signal quality, extend
range, and dynamically serve users.

e Medical Imaging: Phased arrays in MRI machines and ultrasound equipment allow for highly detailed
imaging by controlling the focus and direction of energy in the body

e Radar Systems: Phased arrays are widely used in military and civilian radar for tracking, surveillance,
and target acquisition due to their ability to quickly scan large areas and track multiple objects.
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7. Parabolic Reflector Antenna

The parabolic reflector antenna, commonly known as a parabolic dish antenna, is a type of directional

antenna that uses a parabolic-shaped reflector to focus incoming or outgoing radio waves into a

concentrated beam. This design enables high gain and directivity, making it ideal for applications like

satellite communication, radio telescopes, radar systems, and point-to-point communication links.

A parabolic reflector antenna consists of two main components:

Parabolic Reflector and Feed Antenna. The parabolic reflector antenna works based on the principle of

reflection and the properties of a parabola. In a parabolic shape, any ray that is parallel to the axis of the

parabola will reflect through the focus.

Reception Mode is incoming waves, such as from a satellite or distant transmitter, are incident on the

parabolic dish. Due to the parabolic shape, the waves are reflected and concentrated at the focus of the

dish. The feed antenna at this focus then captures the concentrated signal, making the received signal

stronger. In transmitting mode, the feed antenna at the focal point radiates the signal towards the reflector.

The parabolic reflector then reflects these waves in a parallel, collimated beam in the desired direction.

This results in a narrow, focused beam, which increases the signal strength over long distances.

The parabolic reflector creates a highly directional radiation pattern with a strong main lobe and minimal

side lobes. The narrow beamwidth results in very high directivity and gain, typically between 30 to 50 dBi

or higher for large dishes..

Applications:

e Satellite Communication: Parabolic dishes are standard for satellite ground stations and user
terminals, as they can focus signals over vast distances.

e Radio Astronomy: Large parabolic dishes are used to detect faint cosmic signals.

e Radar Systems: Used in both military and civilian radar applications, where precise directionality is
needed to detect and track objects.

e Microwave Communication: Parabolic reflectors are used in point-to-point microwave links, often
for telecom infrastructure.

Parabolic

reflector \

Feed

antenna
Supports ="

Offset receiver Axial receiver

S — ]

(b)
Fig.13 (a) and (b) Parabolic Reflector Antenna
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8. MIMO Antenna

Multiple Input Multiple Output (MIMO) Antenna technology involves using multiple antennas at both the
transmitter and receiver to improve communication performance. MIMO technology is primarily used in
modern wireless communication systems, such as Wi-Fi, LTE, and 5G, to increase data throughput,
enhance signal reliability, and improve spectral efficiency by transmitting multiple data streams
simultaneously.

There are three main categories of MIMO techniques based on how they use multiple antennas:

1.

Spatial Multiplexing: This technique sends multiple data streams (also called spatial streams) over
different antennas. Each stream carries unique information, allowing the data rate to increase
significantly. However, spatial multiplexing requires high signal-to-noise ratio (SNR) and complex
processing.

Spatial Diversity: Also known as diversity gain, spatial diversity sends the same signal over multiple
antennas, exploiting the fact that signals will take different paths to the receiver. This improves the
likelihood of signal reception, as some signals may experience less fading than others. Techniques like
Alamouti coding use this method to ensure reliable transmission.

Beamforming: This technique adjusts the phases and amplitudes of the signal sent from each antenna
to focus energy toward a specific direction. This helps improve signal quality in that direction, allowing
for a more robust link to the intended receiver and minimizing interference with other users.

MIMO configurations are defined by the number of antennas at the transmitter and receiver. Typical
configurations include:

2x2 MIMO: Two antennas at both the transmitter and receiver. This is common in LTE and Wi-Fi
systems, doubling the throughput compared to a single antenna system.

4x4 MIMO: Four antennas at both transmitter and receiver, used in more advanced LTE, 5G, and Wi-
Fi systems, providing even higher data rates.

Massive MIMO: Characterized by the use of large numbers of antennas (e.g., 64, 128, or more) at the
base station, massive MIMO provides a significant leap in capacity and is a key feature of 5G
technology.

Multiple Antennas and MIMO — Antenna Configurations

Single Input Single Output (SISO) Single Input Multiple Output (SIMO)

3 g

Multiple Input Single Output (MISO) Multiple Input Multiple Output (MIMO)

,,‘7

GRANDMETRIC"

)

Fig.14 MIMO Antenna

Applications:

Wi-Fi: MIMO technology is integral to Wi-Fi standards like 802.11n, 802.11ac, and 802.11ax (Wi-Fi
6), enabling high-speed, reliable connections even in crowded environments.

4G and 5G Networks: LTE networks widely use MIMO to increase capacity and coverage, and 5G
networks take this further with massive MIMO for unprecedented data rates and reduced latency.
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e |oT and Smart Devices: MIMO helps optimize communication in environments with multiple
devices, improving network efficiency and reliability.

Future Of Massive MIMO:

Massive MIMO is a natural evolution of traditional MIMO, where dozens or even hundreds of antennas

are deployed on a single base station. It is central to 5G technology, offering the following advantages:

e Extreme Spectral Efficiency: By using many antennas, massive MIMO can serve multiple users
simultaneously on the same frequency, greatly enhancing the data rate and user capacity.

e Improved Energy Efficiency: Power can be focused more effectively on users, reducing interference
and enhancing energy efficiency.

e Enhanced Coverage: Massive MIMO provides better coverage in high-density areas, making it ideal
for urban and high-demand environments.

4. CONCLUSION

In conclusion, the literature survey on antennas underscores the critical role of antenna technology in
advancing wireless communication. From fundamental antenna types like dipole and loop antennas to
sophisticated designs such as phased arrays, MIMO, and parabolic reflectors, each innovation addresses
unique performance needs, including gain, directivity, bandwidth, and efficiency. From traditional single-
band antennas to more sophisticated multi-band and reconfigurable designs, researchers have focused on
improving parameters like gain, bandwidth, efficiency, and miniaturization. The survey highlights that
developments in antenna technology are not merely about incremental performance improvements but
also about enabling applications like satellite communication, radar, Wi-Fi, 4G/5G cellular networks, and
loT.

Despite these advancements, challenges remain in achieving optimal performance while maintaining
compactness, affordability, and environmental resilience. Furthermore, the demand for antennas
compatible with 5G and IoT applications has driven research towards more flexible and scalable solutions.
Ongoing efforts to overcome these challenges and further improve antenna capabilities highlight the
potential for future innovations in microwave antenna technology. This review underscores the dynamic
nature of this field and the importance of continued research to meet the evolving demands of modern
wireless communication systems.

Further, developments in materials, miniaturization, and smart antenna design are paving the way for more
adaptive and efficient antennas that can support the expanding demand for broadband and 10T applications
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