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ABSTRACT

The rapid development in wireless communications has demanded multiband or wideband antennas to
support wireless communication devices such as smart phones, tablets, laptop computers, radar system,
satellite communication, airplane, and unmanned airborne vehicle (UAV) radar. It has also demanded
compact wireless devices that allow more space to Electronics and Communication Engineering,
Birbhum Institute of Engineering & Technology, Suri, Birbhum, Haripal, Hooghly, West-Bengal,
India integrate other electronic components. The aim of this to provide an idea of current R&D trends and
novel approaches in design, analysis and synthesis of broadband, multiband and reconfigurable antennas for
the new generation of mobile communication devices, as well as for UWB communications, radars and so
on.

Keywords: Antenna, Wireless communication (modern) based Antenna, Radars.

INTRODUCTION

The world is undergoing a major wireless revolution both in terms of wireless and mobile technology that
provides ubiquitous communication access to citizens (Matin, 2012). As the society moves forward to the
information centricity, the wireless communication industry brings new product with advance feature to
support wireless services at anywhere, any time. The huge competition in the wireless industry and the mass
acceptance of wireless devices have caused costs associated with the terminals and air time to come down
significantly in the last 10 years. However, the rapid development of the communication technology such as
wearable computers, cell phone technology, Personal Area Networks (PANSs) for remote retrieval and
monitoring of surroundings information has demanded for antennas suitable to operate with dual or multi-
bands characteristics in wireless communication devices. For example, mobile communication system which
operates in different frequency ranges require multiband antenna. Concurrently, ultra wideband (UWB)
systems used in short range communications, remote sensing, and through-the-wall radar imaging require
wideband antennas with stable gain and linear phase characteristics which creates a new arena of antenna
design. Moreover, recently, there has been tremendous research interest in designing compact size of antenna
in order to offer more space to integrate other electronic components for reduction the volume of wireless
devices. All these desirable attributes push the researcher into challenge in designing new broadband,
multiband and reconfigurable antennas for the new generation of mobile communication devices, as well as
for UWB communications, radars and so on and provides an idea of current R&D trends in design, analysis
and synthesis of broadband, multiband and reconfigurable antennas for modern wireless communications. To
facilitate the idea of current R&D trends towards different wireless applications. Different design approaches
are discussed for mobile and wireless applications. A low-profile multiband loop antenna design is presented
for wireless routers and access points to cover the operation bands of 3G, 4G, WiMAX, and WLAN. This
section also describes MIMO antenna on laptop for multiband LTE services. For radar applications, few
antenna prototypes are presented the features of most recent antennas for UWB applications.
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Antenna Technology for Modern Wireless Communication

Antennas and antenna arrays serve as the “eyes and ears” for all wireless systems. According to IEEE Standard
(145-1983) an antenna may be defined simply as “a means for transmitting and receiving radio waves.” The
antenna serves as a transducer between the transmitter and the free space or between the medium and the
receiver. In a broad sense, antennas may be classified into three categories, namely isotropic, omnidirectional
and directional (see Figure 1). The isotropic antenna is a hypothetical concept of unity gain in all directions. It
serves as a benchmark by which to measure practical antenna elements. An omnidirectional antenna is the
closest realization of an isotropic antenna with almost constant gain in one plane of reference (azimuth or
elevation), finding widespread use in broadcast applications. Directional antennas have higher directional gain
and narrower radiation patterns (beams), desirable for applications like radio detection and ranging (radar)
and point-to-point communications.
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Fig. 1 Broad antenna categories

Michael Faraday, in 1830, introduced loop antenna as the part of his experiments studying the coupling of
electric and magnetic fields. Later Heinrich Hertz discovered electromagnetic (EM) waves and designed a
dipole antenna. In 1901, Guglielmo Marconi® sent information across Atlantic Ocean using multiple vertical
wires connected to the ground.

This was the first use of antenna arrays.® Maxwell® wrote the first treatise on EM theory congregating
principles postulated by Oersted, Faraday, Gauss and others, popularly known as Maxwell’s equations
(see Figure 2). It is shown by Maxwell that any accelerated charge radiates, and hence, an antenna may be
defined as an EM device that controls the flow of the time varying currents; thereby, producing EM radiation.
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J. C. Maxwell
Fig. 2 Maxwell’s equations. (Source: internet open access)

The antenna structure may be considered to have three sections, namely an EM generator, a guiding structure
and a transition region (see Figure 3). Figure 3 is the result of a finite element method (FEM) simulation of a
horn antenna showing the flow of RF energy in the respective sections. An EM generator inputs the EM wave
into the guiding structure (the input of the flared horn), which directs it into the transition region. The transition
region is a matching transformer, matching the impedance of guide with 377 ohms, the free space impedance.
The EM wave escapes from the transition region into the free space, hence, causing the antenna to radiate.
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emgeneralor  Guide structure  Transition structure

Fig. 3 Antenna radiation mechanism

A few are selected and discussed, based on their commercial and military applications. Although the list of
existing antenna types is too vast to summarize here.

Antenna Basics
Antenna Qualifying Parameters (AQPS)

An antenna may be described quantitatively in terms of space and circuit parameters (see Figure 4). AQPs
define the radiation and the impedance characteristics of an antenna, respectively, and are listed below:?

e Antenna Gain, G and directivity (directive gain), D
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e Antenna temperature, T

Radiation resistance, R

Half power beam width, BW3gs

Pointing, look direction or scan angle

Sidelobe level (SLL) characteristics, such as peak SLL (PSLL), average SLL (ASLL).

Cross-polarization (x-pol) characteristics

Fig. 4 Antenna qualifying parameters

G measures directionality of an antenna pattern with reference to an isotropic antenna (G=1), thus, measurable
in dBi (i for isotropic). It is different from D in the sense that it accounts for the various losses in conductors,
space (radiation) and guides (dielectric or air), not included in directive gain, D. Hence, G is always less than
D. BW3gs is the angular distance between the two — 3 dB points from the maximum, or peak, of the radiation
pattern’s main beam. Look direction defines the direction in which the antenna pattern’s main beam is pointing
while the array is scanning mechanically (using servo motors) or electronically (using digitally applied phase
shifts to the elements of an array). Figure 5 shows a typical radiation pattern for a directional antenna. Apart
from the main lobe (ML), which is desired, there are other unwanted lobes of much smaller magnitude in
comparison to the ML, called side lobes and characterized by SLL
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Fig. 5 Antenna radiation pattern (in polar form)

An ideal antenna has no sidelobes. Due to the finite nature of an antenna ground plane, however, the current
propagating on the antenna aperture is reflected from its finite edges leading to sidelobe formation due to
constructive and destructive interference between current traveling in forward and the reverse directions. This
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sidelobe envelope (see Figure 5) can be characterized in terms of PSLL, ASLL and root-mean-square (RMS)
SLL measured with reference to the ML.

The cross-polarization (x-pol) level defines the level of radiation intensity in the plane orthogonal to the
desired plane of polarization; so, for a horizontally polarized antenna, the x-pol is vertical polarization. The
polarization plane defines the plane containing the E-field vector (see Figure 6). AR quantifies the
polarization of an antenna, which may be elliptical, circular (AR ~ 0 dB) or linear (AR ~ o).
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Fig. 6 circularly polarized EM wave propagation (a) and AR definition (b).
Antenna Classification

Figure 7 shows a classification of various antenna geometries. It includes wire antennas, traveling wave
antennas, reflector antennas, microstrip antennas, log-periodic antennas, aperture antennas and others such as
near field communications (NFC) antennas and fractal antennas. An individual antenna element may have a
gain from 0 dBi (monopole) to 10-12 dBi (e.g. tapered slot antenna and helical) depending upon the type.

Depending upon specifications such as power handling, G, SLL, size, weight and volume, a class may be
chosen for certain applications. Astronomical radio telescope antennas, for example, require very high gain
and high-power handling capabilities along with open installations in large areas exposed to different, and
often severe, topological and environmental conditions. These requirements are typically fulfilled by reflector
antenna arrays. For platforms with limited real estate such as high altitude platforms (HAPS) and fighter
aircraft, microstrip antennas are useful, being light weight, low profile and conformable in nature.

Traveling wave antennas and log-periodic antennas are very useful for ultra-wideband and high-power
handling applications. Fractal antennas are useful for realization of embedded antenna structures inside mobile
handsets. The planar inverted folded antenna (PIFA) is a good structure for body-wearable conformal antennas
applications. Antenna arrays are useful for applications such as radar, requiring high gain for detection at
longer ranges and directional beams for target tracking.
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Fig. 7 Types of antenna structures.

Antenna Arrays: Some applications require antennas with high gain, narrow BW3gg and electronic beam
steering. These are requirements that cannot be met easily with a single antenna. For these applications,
antenna clusters known as antenna arrays must be used. For a N-element array, G equals N times the single
antenna gain, Go, i.e,

G=Go+ 10 log (N) (1)
BWagg is inversely proportional to G, i.e,

BWas & 32000/G )

Typically for equally fed array elements.
Antenna arrays can be classified into three main categories (see Figure 8):

e Linear antenna array (LAA), consisting of a one-dimensional cluster of antenna elements.
Planar antenna array (PAA), consisting of a two-dimensional cluster of antenna elements.

e Conformal antenna array (CAA), consisting of a one- or two-dimensional cluster of antenna elements
arranged conformably over a surface.
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Fig. 8 Antenna array classifications
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Generalized Expression for Directivity, D

D of an antenna array may be defined as
D (6. (p) = 41T |F max (6, 90) 2 /Py (3)

Where P, is the average radiated power and £ max (8- #) is the maximum radiated power in a given direction.

The directivity and gain of antenna are related by
G (6, 9)=(1-T(6.9) ) D, @) (4)

I'6.9) Represents the reflection coefficient of the antenna (circuit parameter) defining mismatch in the
transition region of the antenna that matches the characteristic impedance of the guiding structure with that of
free space for maximum transfer of energy to space from the antenna structure. Thus, G < D due to conductor,
dielectric and mismatch losses.

The operational bandwidth (OBW) of an antenna may be defined as the range of the frequency points over
which the antenna space and circuit parameters, measurable in terms of AQPs, are within desired limits defined
by the user. The OBW may be classified in terms of radiation bandwidth and impedance bandwidth.
Research Trends in Antennas AND Antenna Arrays

Several current research areas include, but are not limited to:

e Micro strip reflect arrays

e Reconfigurable microstrip antennas

e Body-wearable antennas

e Multiple input multiple output (MIMO) antennas

e Ultra-wideband antennas (UWB)

e Metamaterial antennas

e Connected array antenna

e Windscreen antenna

e Fractal antennas

e Smart antennas

e Defected Ground Structure (DGS)/electromagnetic band gap (EBG) Antennas

e Conformal Antenna Arrays

e Shared Aperture Antennas

e Radar antennas
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Microstrip Reflect Arrays

The concept was introduced by Berry et al. in 1963 using waveguide and was later realized using microstrip
technology. Reflector antennas and phased arrays form the working principle for reflect array antennas
(see Figure 9). The variation in size and geometry of planar antenna elements leads to an equivalent phase
shift imitating parabolic reflector behavior. The reflector intercepts the impinged wave from a radiator placed
at its focal point and scatters back the energy, which collimates due to its designed geometry, and forms a
radiated beam. It has associated space loss and spillover loss. A phased array, on the other hand, includes an
RF network including phase shifters, attenuators, amplifiers and feed network to receive/transmit energy; thus,
there is an associated RF loss. A reflect array antenna overcomes these issues. A reflect array is a phase
transformation structure where most of the elements are near resonance; hence, it provides an alternative to a
conventional parabolic reflector antenna.

7~

Fig. 9 Reflect array antenna

Samaiyar et al. discuss an application of reflect arrays for the realization of simultaneous transmit and receive
operation at 5.8 GHz in the ISM band. Fuquay et al. describe a Tx and an Rx reflect array satellite antenna
comprising multiple horns and a single-layer flat reflect array that radiates scanning beams along different
directions in azimuth by virtue of polarization and frequency. A reflect array designed using tightly coupled
dipole arrays (TCDAs) operates from 3.4 to 10.6 GHz. The microstrip reflect array antenna has been
demonstrated to be a practical alternative to bulky reflector antennas and costly phased arrays.

Re-configurable Microstrip Antennas

Re-configurability in antennas is desired to eliminate the need to employ multiple antennas for diverse
characteristics such as polarization, frequency and radiation patterns. Re-configurability is achieved by
modifying substrate properties or physical dimensions using switches or tunable materials. Substrate material
properties directly affect the resonant frequency (inversely proportional to relative permittivity and
permeability) and the operational bandwidth (directly proportional to thickness of the substrate) of microstrip
antennas. Ferroelectric or ferrite material can vary permeability by application of a DC bias field, thus,
controlling an antenna’s resonant frequency by varying its electrical dimensions.

Conductor dimensions in microstrip antennas can control radiative properties (see Figure 10). Figure 10a
shows a microstrip rectangular patch (MRP) with an outer ring connected to an inner one through diodes. By
switching the diodes ‘on’ and ‘off,” the MRP size is altered, varying its resonant frequency. Figure 10b shows
re-configurability in polarization by virtue of shorting posts placed diagonally inside the patch. Figure 10c
shows a common aperture supporting two antennas, a receive antenna (total aperture) and a transmit antenna
(inner circle) in a shared manner, demonstrating re-configurability of two radiating modes.
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Fig. 10 Antenna re-configurability: frequency (a), polarization (b), receive/transmit (c).

Schaubert et al. demonstrate control over antenna frequency and polarization by placing shorting posts at
selected locations in the antenna aperture. The use of varactor diodes and microelectromechanical (MEMYS)
capacitors in providing frequency agility is also shown. Su et al. use additive manufacturing techniques to
demonstrate frequency and radiation pattern re-configurability in the antenna design using a vanadium dioxide
(VO2) ink-based switch. Leszkowska et al. use superstrate layers with embedded PIN diode switching circuits
to control beam steering.

Body-Wearable Antennas

Body-wearable antennas have immense potential in applications for body area networks (BANSs), wireless
area networks (WANS), health monitoring and diagnosis and body-to-body communication. Figure
11 illustrates one use case of a person communicating to a body-mounted sensor with that sensor
communicating to a remote health provider for monitoring and to a satellite for remote data collection. The
antenna s in close proximity to the body and is very challenging to design in terms of the impedance matching,
specific absorption rate (SAR), size, cost, weight, volume and conformability. Mandal et al describe a low
profile, circularly polarized, “button antenna” for Wi-Fi and WLAN applications with a frequency selective
structure (FSS) to suppress back radiation. Njogu and Sanz-lzquierdo® demonstrate a fingernail-shaped
antenna for on body communications.

Fig. 11 Body-wearable antenna use case.
MIMO Antennas

MIMO is a radio antenna technology using multiple antennas at the transmitter (Tx) and receiver (Rx) to
provide multiple signal paths for carrying data (see Figure 12). MIMO can enable beam forming, transmit
diversity and receive diversity. Diversity techniques protect against fading and improve coverage in an urban
scenario. MIMO spatial multiplexing uses the same frequency to transmit different signals. Massive MIMO
(M-MIMO) uses large numbers of phased antenna arrays instead of active terminals and time-division
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multiplexing. Energy is focused into small spatial regions for high radiated energy efficiency and throughput.
M-MIMO is important for 5G applications.
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Fig. 12 MIMO concept and its use in 5G applications.
Ultra-Wideband (UWB) Antennas

UWB antennas are used in low power and short-range applications due to the limitation of pulse forming
networks. An UWB transmitter in the U. S. is defined as an intentional radiator that, at any point in time, has
a bandwidth equal to or greater than 500 MHz or a fractional bandwidth (FBW) greater than 0.2. Antenna
design is challenging. UWB antennas should have flat group delay over their bandwidth. The FBW of UWB
is defined as

FBW (%) =200%(fa—fL)/(fet+f1) (3)

The U.S. Federal Communications Commission (FCC) has authorized unlicensed usage of UWB systems
below the 960 MHz and in the 3.1 to 10.6 GHz band with very low effective isotropic radiated power (EIRP).
The FCC power spectral density emission limit for UWB transmitters is —41.3 dBm/MHz. The challenges in
design of UWB antennas are: achieving consistent gain, HPBW, polarization and phase over the UWB;
realizing a small antenna size (low profile) to fit into commercial systems; and controlling cost.

Many antenna designs belonging to the family of traveling wave antennas like log-periodic dipole antennas
(LPDAS), Vivaldi antennas and spiral antennas have been developed to achieve UWB; however, they have
large profiles and are bulky, making them impractical for wireless communication systems. Over the last
decade there has been much research on planar monopole antennas for UWB. The ground plane of these
antennas is kept small to attain a low profile. Hence, design activity should consider the antenna ground plane
in system design and optimization. Nunn et al. describe an UWB circular monopole antenna array for surface-
based ice sounding in the UHF Band. It comprises 16 planar sub arrays forming a 16 x 17 m Mills cross array
that maximizes sensitivity and spatial selectivity in both cross- and along-track directions. An insulation foam
separates the ground plane from monopole such that maximum radiation is directed broadside. Nie et al. report
on a two-port coplanar waveguide (CPW) fed UWB antenna with high isolation between ports and a common
ground. Designed for full hemispherical coverage, its isolation is greater than 31.4 dB with a diversity gain of
10 dB from 2.98 to 10 GHz. A 2.5 dB gain with efficiency better than 80 percent is also demonstrated.

Metamaterial Antennas

Metamaterials are electromagnetic structures with unusual properties that are not seen in nature:

e Double negative (DNG) materials (¢ <0 and u<0).

e Negative Refractive Index (n=0).
e Left-Handed
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e Single-negative (SNG) materials (eitheré<0orp<0). ( — H_fields and wave vector do not
follow the right-hand rule.)
e Backward wave (energy flow is anti-parallel to wave vector)

DNG materials cause the phase velocity and power flow to be anti-parallel; thus, cut-off waveguide realization
is not hypothetically feasible. The challenge is the fundamental limitation with respect to an antenna’s quality
factor and its electrical size. Resonances in these materials make it possible to design smaller antennas
(see Figure 13). Although thin and measuring only a few millimeters these multiband antennas double the
range and enhance reliability and battery life of mobile phones, Wi-Fi routers and wireless modems.

Inner
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21012345678 910
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Fig. 13 Small metamaterial antenna. (source: internet open access)
Connected Array Antennas

Wheeler introduced the concept of a continuous current sheet (CCS) that radiates a transverse electromagnetic
(TEM) wave (see Figure 14a). The radiation resistance, R, of the current sheet with a ground plane separated
by M4 is 1207 Q at

broadside and leads to a hypothetically infinite bandwidth. The CCS absorbs an incident plane wave without
any reflection. For an E-plane scan with an incident angle 6. the boundary resistance is proportional to
cos 6. due to the cosine projection of the E-field on the aperture; and, for H-plane scan, the boundary

resistance is proportional to cos ©. -*. In reality, however, an infinite and uniform current sheet is not feasible.
Munk* was the first to demonstrate it practically utilizing interconnected antenna elements with a 5:1
bandwidth dipole array called a ‘current sheet array’ (CSA) (see Figure 14b). TCDAs are being researched
to yield more efficient forms of CSAs.
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Fig. 14 Connected array antennas: CCS (a) and CSA (b).
Windscreen Antennas

The automobile industry is introducing multiple on-board sensors for safety and entertainment. Figure
15 shows a car supporting various antennas connected to its body (f1, f2, f3, f4, etc.). Cars require antennas
for music (f3), file sharing (f2), navigation (f1) and anti-collision radar (f4) systems. They require GPS
antennas for navigation and antennas to support various sensors such as rain and sleep sensors. The challenges
are to achieve a small form factor while mitigate the effects of mutual interference between the multiple
sensors, as well as the effect of the vehicle’s body on performance. The design process is not simple and
requires hybridization of various low frequency design techniques such as the method of moments (MoM)
and FEM with high frequency design techniques such as the uniform theory of diffraction (UTD) and shooting
bouncing ray (SBR).

\© VA

Fig. 15 Windscreen antenna illustration.

Fractal Antennas

A fractal is a fragmented geometrical shape that looks the same, independent of size scaling. A fractal shaped
metal element can be used as an antenna over a very large band of frequencies demonstrating self-
similarity and scaling independence. Mandelbrot coined the term in 1983, but the origin dates back to von
Koch in 1904 He showed that it is possible to devise a curve without a tangent, anywhere. The most popular
fractal shapes used for antennas are the fractal carpet, Sierpinski’s gasket, Cantor’s comb, von Koch’s
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snowflake, the Mandelbrot set and the Lorenz attractor. One significant property of all these fractals is their
irregular nature. Figure 16 shows some typical fractal antennas.

——

Fractal Carpet Snowflake
Antenna Aatenna
= .
Fractal Gasket — Fractal Koch .
Antenna Antenna
- =

Fig. 16 Typical examples of fractal antennas.

A few recent publications, demonstrate new types of fractal antennas such as the flower fractal and fern fractal
leaf inspired Vivaldi antennas. Mondal et al. describe a flower fractal based circularly polarized folded
microstrip patch antenna with 49 percent miniaturization, 110 degree 3 dB beamwidth and 120 degree AR
beamwidth. A nature inspired fern fractal leaf structure demonstrates an impedance bandwidth of 19.7 GHz
and a gain of 10 dBi.

Smart Antennas

The smart antenna is a misnomer. It is actually a smart system combined with an antenna structure. It is used
for applications such as direction of arrival (DoA) estimation, adaptive beam forming and adaptive null
formation Figure 17 is an analogy comparing a smart antenna system with a blinded man and two speakers.
The blinded man can “tune” his ears to hear one speaker while ignoring the other one.

Similarly, a smart antenna system can suppress interference from one direction and enhance reception of a
signal from the desired source. MIMO is one example of a smart antenna system; it is not a separate type of
antenna but an intelligent system of existing antenna types.
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Fig. 17 Smart antenna system illustration. (source: internet open access)

DGS Antennas

In practice, an antenna must be mounted on some structure, which may be an aircraft, ship or a stationary
structure like a cell phone tower. Conventionally, to facilitate analysis, antenna design assumes an infinite
ground plane or a finite ground plane with good planarity. Mounting structures affect antenna performance
because they do not satisfy the precise conditions assumed in design. Figure 18 is a sketch showing the effect
of the platform on an antenna pattern. The black and the blue curves show a hypothetical antenna pattern
without and with the effect of the airborne platform, respectively.

=
=

Fig. 18 Antenna-platform interaction.

DGSs or EBG structures derived from photonic band gap (PBG) structures offer a convenient solution. DGSs
are artificial periodic structures exhibiting characteristics similar to band stop filters. They prevent certain
bands of frequencies to pass through. They can be used to realize antenna ground planes locally beneath
antennas on mounting platforms to minimize platform interaction. Obelleiro et al. present a detailed study of
array antennas mounted on aircraft, ships and other vehicular platforms. They consider the effect of mutual
coupling between elements and the platform on antenna performance using MoM analysis, with a degradation
in sidelobe levels of up to 15 dB. Kumar et al. improve polarization purity by incorporating a DGS integrated
with a microstrip antenna. A 12 dB improvement in isolation between co- and cross-polarization patterns is
demonstrated. Bell et al. achieve profile reduction by using DGS structures. DGSs are important in controlling
mutual coupling, enhancing polarization purity, enabling miniaturization and mitigating the effects of non-
ideal ground planes in antennas designed for practical applications.

Conformal Antenna Arrays

In airborne applications (i.e. aircraft, missiles) antennas may increase the vehicle’s radar cross section (RCS)
and interfere with the aerodynamics. Hence, it is desirable for the antenna structure to be conformal
(see Figure 19). Further, conformal antennas are also desirable for the realization of body-wearable antennas.

Fig. 19 Conformal antenna illustration
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SHAAS address defense and commercial requirements to combine different antennas that satisfy multiple
functions like radar, communications, identification friend or foe (IFF) and GPS into one. In some applications
like marine cruisers, legacy platforms may have more than 100 separate antennas on board. SHAAS solves
this problem with a common aperture sharing multiple features (see Figure 20).

The multiple functionalities can be accessed either simultaneously or in a time-sharing mode. The challenges
for antenna design are to reduce in-band and out-of-band coupling between operational bands, minimize
interaction with the mounting platform, miniaturize the electronics and arrange inter-element grids to avoid
grating lobes while mitigating scanning losses. Zhang et al. describe a dual-band shared aperture antenna
utilizing the concept of structure re-use. SHAAS provide a solution for antenna systems to be greener (more
efficient), more compact and lower cost.

Fig. 20 Shared aperture concept on a moving platform.
Radar Antennas:

Figure 21 shows the evolution of radar antenna since Hertz conceptualized the first spark plug experiment
using a loop antenna. Later, Yagi and Uda (1920) introduced Yagi — Uda antennas, followed by the horn
antenna in the 1930s, antenna arrays in the 1940s, parabolic reflectors in the late 1940s and early 1950s,
microstrip patch antennas in the 1970s and PIFAs in the 1980s.

Later, mechanically scanned arrays (MSAs) were developed with fixed beam antennas mounted on servo rotor
mechanisms. The inertia of a servo system limits the rotation rate, or scan rate, however. To overcome this,
passive electronically scanned antenna arrays (PESASs) were developed that rotate, or scan, the beam
electronically with phase shifters behind each antenna.

In a PESA, the amplitude distribution across the antenna aperture is fixed due to a fixed power division
network at the back-end distributing RF power received from single high-power transmitter (HPT). Failure of
the HPT represents a single-point-of-failure for the system. Active electronically scanned antenna arrays
(AESAS) overcome this problem.

The AESA comprises individual transmitters and receivers, in a single housing, behind each element called a
transmit-receive module (TRM). A key feature of the AESA is graceful degradation, i.e., the radar operates
with limited functionality even in the case of failure of few TRMs (typically less than 10 to 15 percent). The
overall design requirements of an AESA may be summarized by the following parameters:

Functional Requirements Spatial Scan VVolume

e Instantaneous/Operational bandwidth
e Beamwidth

e Peak and average sidelobe level

e Antenna gain

e Polarization
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e Peak power and average power output
e Beam switching capability
e Prime power requirement

Physical Requirements

e Size, weight, transportation and mobility
e Production, maintenance and reliability

Environmental Requirements

e Shock and vibration capability
e Operational temperature range
e Humidity, salt, fog and fungus
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Fig 21 Antenna evolution

CONCLUSION

In Modern wireless Communication Antenna Technology growth development fast, as so on rapid. Michael
Faraday, in 1830, introduced loop antenna as the part of his experiments studying the coupling of electric and
magnetic fields. Later Heinrich Hertz discovered electromagnetic (EM) waves and designed a dipole antenna.

The world is under growing a major wireless revolution both interns of wireless and mobile technology that
provides ubiquitous communication access to citizens (Matin, 2012). Concurrently, ultrawideband (UWB)
systems used in short range communications, remote sensing, and through-the-wall radar imaging require
wideband antennas with stable gain and linear phase characteristics which creates a new arena of antenna
design. . A low-profile multiband loop antenna design is presented for wireless routers and access points to
cover the operation bands of 3G, 4G, WiMAX, and WLAN. This section also describes MIMO antenna on
laptop for multiband LTE services. For radar applications, few antenna prototypes are presented the features
of most recent antennas for UWB applications.
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