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ABSTRACT

This paper provides an overview of ultra-wideband (UWB) antennas, along with a list of important UWB
antenna concepts, system and network concerns, and fundamental UWB antenna limitations. also provides
information on UWB antenna. It is presented how to design, characterize, and simulate a UWB antenna. A
crucial part of the wireless communication system is the antenna. Future and contemporary wireless
technologies will place more demands on antenna design. This results in the development of ultra-wideband
(UWB), a high data rate wireless communication technology with a 7.5GHz bandwidth (from 3.1GHz to
10.6GHz). Designing a UWB antenna has more difficulties than a narrow band antenna. When compared to
narrow band antennas, the design of ultra-wideband antennas requires a variety of different factors. An
appropriate UWB antenna should be able to function inside the FCC's allotted ultrawide bandwidth.
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INTRODUCTION

An antenna is a signal-transmitting and -receiving device. Therefore, the send and receive process' speed presents a
challenging challenge, particularly given the rapid advancement of communication technology. On the other hand, the
rapid advancement of communication systems—both fixed and portable—required the switch to high data rates in
order to cover a larger region due to the growth in network users. They therefore required a broad bandwidth (BW) to
cover all wireless services, including mobile. Wideband and ultra-wideband (UWB) antennas with low profiles can be
used for this in order to simplify the design and lower the cost of manufacture [1].

The most recent research on UWB antennas used in wireless communication applications is presented in this article. It
comprehensively evaluates the area's development over the course of the last ten years for the benefit of readers in the
field, critically emphasizing any unfilled gaps that suggest the need for further research into alternative approaches to
these potential research problems. It finishes with research insight for suggestions for future research directives, such as
how loading can influence and improve the BW for wide-band and UWB antennas and how it can maintain the antenna
dimensions while the antenna characteristics are not greatly impacted.

The properties of the antennas used for applications like target detection, localization systems, and cancer screening
employing microwave radio-systems must be high gain and good directed beam-width in a wide frequency spectrum.
However, because UWB antenna elements must operate at low power to reduce potential interferences inside the UWB
frequency spectrum, they typically have a gain of just 3 to 5 dBi. Therefore, it is advisable to take the development of
UWAB antenna array into consideration.

The main component of a wireless communication system is the antenna. With the least amount of loss, it transforms
electronic impulses into electromagnetic waves that can propagate through empty space. Reduced size, diverse
frequency characteristics, high gain, wide band, decreased return loss, omnidirectional radiation pattern, and cost
reduction are the fundamental requirements for an antenna used in wireless communication systems.

When the message bandwidth greatly outpaces the channel's coherence bandwidth, a system is said to be wideband.
Wideband antennas are those with the same operational properties over a wide passband since high data rate
communication links are required to use them. It differs from broadband antennas in that they have a wide passband but
do not necessarily have to have the same antenna gain or emission pattern throughout the passband.

Ultra-wide band (UWB) antennas have a long history of use in radar systems and other communication systems with
broadband and spectrum properties [8]. Excitation by impulsive or nonsinusoidal signals with quickly shifting
performances is what causes an antenna's UWB performances. A novel balanced antipodal Vivaldi antenna with an
ultrawide bandwidth (1.3-20 GHz) and 10-dB impedance was proposed by Guillanton et al. [9] for use in UWB
applications.

The initial "spark-gap" transmitters that invented radio technology are where the term "ultra-wideband" originated. This
past has received extensive coverage in professional histories [10-11] as well as in well-liked treatments [12]. Similar
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scrutiny has not been applied to the creation of UWB antennas. As a result, designs have been lost and then
rediscovered by researchers in the future.

Since many years ago, UWB antennas have been actively used in commerce. In a way, even the age-old AM broadcast
band antenna qualifies as "UWB" because it has a fractional bandwidth that is greater than 100% and covers the range
of 535 to 1705 kHz. The effective fractional bandwidth of a high-quality broadcast AM antenna is really only 0.6-1.9%
and can only receive one channel at a time because it is actually a tuned antenna made to pick up a single narrow band
(10 kHz) channel.

A UWB antenna has a fixed phase center and is preferably non-dispersive. It might be possible to adjust for waveform
dispersion if it happens predictably, but in general, it is preferable to emit waveforms that are comparable everywhere.
A dispersive antenna is one such as a log periodic antenna. While smaller size components emit high frequency
components, larger scale components emit low frequency components. A chirp-like, dispersive waveform is the end
outcome. Even worse, the waveform will change when the antenna is seen from various azimuthal angles.

A small element antenna, such as a planar elliptical dipole, on the other hand, has a tendency to radiate a more compact,
nondispersive waveform that resembles a "Gaussian W." Figure 1 provides an illustration of this phenomenon. Small
element antennas are used in many applications since they are frequently non-dispersiveand also more portable.

(a) (b)

Fig. 1 A log periodic antenna (upper left) has a dispersive waveform (upper right), while an elliptical dipole
(lower left) has a non-dispersive waveform (lower right).

The bandwidths in the Ultra-Wideband (UWB) regime are in the range of several 10%, with a nominal 20% by the US
FCC. The following factors are typically used to define the narrow band antenna needs in applications for
communications and radar antennas:

o Radiation characteristic
e Antenna gain
e Impedance matching.

It must first be decided if the antenna will be utilized for frequency domain or time domain applications. As a result,
Ultra-Wideband antennas are utilized in time domain for some applications and in frequency domain for other purposes
[13]. The behavior of the antennas in these two applications may be quite different. Both in frequency domain and
temporal domain, all Ultra-Wideband antennas must meet the following criteria:

A non-dispersive phase center

Low Q elements to avoid resonances
Constant radiation over the frequency range
No excitation of higher order modes
Constant impedance.

Many radio-communications-based technologies strive for more effective and improved service delivery Ultra-
wideband (UWB) system is one of the numerous wireless radio-communication technologies [14] that is crucial. Either
the time domain or the frequency domain is used to study the properties of UWB. Both domains make use of all
radiation-related information. Differentiation, dispersion, radiation, and losses are typically applied to the impulse that
is sent to the UWB antenna.

Tracking the performance of the spectral efficiency in terms of peak envelop value, envelop width, ringing, transient

gain, gain in the frequency domain, group delay, mean group delay, and relative group delay is how the analysis of
UWB antennas is done [15]. With little expense and complexity, UWB plays a significant role in cutting-edge
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communication technologies such wireless sensor networks.The following are some potential qualities of the UWB
antenna-

e Maximal Transmission Capability
More than 500 mbps of data rate may be transmitted via UWB across a 10-meter distance. As a result, a design with
such potential and reliability can be used in the most applications:

a. Reduced Loss Penetration
Under both line-of-sight and non-line-of-sight conditions, UWB antenna can operate in such a complicated, obstructed
environment. Applications like indoor localisation are an excellent illustration of this quality.

b. Maximal Range of Precision
Short pulse signals are used by UWB to create and transmit it. In order to enable varied tracking of objects in complex
environments, UWB antenna have the highest resolution possible in the temporal domain.

c. Maximal Security

The power spectral density scale of UWB antenna is smaller. UWB antennas have low levels of noise, making it
difficult for an attacker to determine the nature of the signal and intercept it. They also have very low levels of
interference.

d. Resiliency toward channel fading
With a UWB antenna, there is extremely little chance of channel fading on many pathways, and there is also very little
transmitter and receiver complexity.

e. Cost-Effective Devices
The baseband and RF chips, CMQOS, converters, etc. used in UWB antenna gear are quite inexpensive. The low-power
hardware circuit designs are free of any oscillators or mixers.

f.  Supportability of Reconfigurable Networks
The UWB antenna supports a number of reconfigurable networks, including OFDM, Optical, Wireless LAN, Wireless
Sensor Network, Mobile Ad-hoc Network, and others.

e Antenna Size Reduction
UWB antennas need adequate impedance matching over a broad frequency range, unlike narrow band antennas. As a
result, there are two essential steps in constructing a small UWB antenna:

1. Increasing the electrical size of the antenna by appropriate reactive loadings to increase impedance for improved
matching
2. Selecting an appropriate source resistance after carefully balancing gain, bandwidth, and degree of miniaturization.

¢ UWB Signal Fidelity

The fidelity F of Ultra-Wideband antennas is one of their design issues [2, 3]. When compared to the radiation in a
reference direction, the fidelity characterizes the radiation characteristic, particularly in the temporal domain (template).
The signal distortion yields the fidelity. The fidelity and the radiated peak power should be good in the same angular
directions for a suitable UWB antenna.

e Group Delay
The group delay ought to remain constant with just the slightest fluctuations as frequency increases. The radiation
phase center and group delay are directly associated,; if the phase center oscillates, the group delay is distorted.

e Ringing

The energy that is released after the primary signal is what causes ringing. There are many potential causes of ringing,
including energy storage in resonators, numerous reflected waves, substrate surface waves, and faulty feed lines.
Because the power cannot be recovered in the receiver, ringing is completely useless. It hinders communications with
high data rates and radar imaging at close range. Therefore, it needs to be inhibited.

Types of UWB Antennas

Travelling wave antennas: Considering that they offer a smooth transition from guided waves to free space waves
over a broad frequency range.
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Frequency independent antennas: These antennas offer comparable radiation conditions throughout a broad
frequency range and are only distinguished by their angular arrangement. Typically, the radiation has a circular
polarization.

a) Self-complimentary antennas:Which the dielectricmay be used in place of the metallization and vice versa.

b) Multiple resonance antennas:As indicated by the single elements of the numerous elements with similar radiation
characteristics, these antennas provide throughout a broad frequency range.

c) Electrically small antennas: These antennas, whose sizes are much smaller than a wavelength, also offer
comparable radiation properties across a broad frequency range. Their issue is the inverse relationship between
impedance and frequency, which must be corrected by an appropriate matching scheme. The operational frequency
range for each of the aforementioned antennas determines their size. When the E-field stimulating currents are 180
degrees out of phase, radiation typically occurs. For Ultra-Wideband applications, a constant gain or over the
whole frequency bands specified by the international rules, for example, 3.1 GHz to 10.6 GHz in the United States,
is desirable. This is necessary because the effective radiated power EIRP has a stringent cap and must to be
completely utilized for an application to be effective [15].

UWAB antennas can be broadly divided into two categories:

1. The type-1 UWB antennas' bandwidth is produced by serially stimulated resonant modes that are either continuous
or multiple in number. Spiral and Log periodic antennas are two examples of these antennas [16, 17].

2. Wide bandwidth is achieved by type-2 UWB antennas by allowing emission from a limited wavelength area.
Common examples of Type-2 antennas include the Vivaldi antenna, the double-ridged horn, and the resistive
terminated TEM horn [18, 19].

UWB antenna characteristics
Frequency independent antennas, small element antennas, travelling wave antennas, and multi-resonant antennas are
the four main subcategories of UWB antenna.

A. Frequency independent antennas

Spiral, log periodic, and conical spiral antennas are examples of frequency independent antennas. These antennas rely
on changes in shape as they move from smaller to larger scales. Higher frequencies are contributed by the smaller-scale
portion, whereas lower frequencies are contributed by the larger-scale portion. Because the effective source of the
radiated fields changes with frequency, these antennas may be dispersive.

Fig. 2 Logarithmic spiral antenna

B. Small Element Antennas

Lodge's biconical and bow tie antennas, Maters' diamond dipole, Stohr's spherical and elliptical antennas, and Thomas'
circle dipole are examples of small-element antennas. These antennas are inexpensive, compact, and omnidirectional
[20].

Fig. 3 UWB compact planar monopole antenna [20]
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C. Traveling wave antenna

Horn antennas, tapered slot antennas (including Vivaldi antennas), and dielectric rod antennas are examples of
traveling wave antennas. These antennas have favourable UWB characteristics and a seamless transition from guided
waves to radiated waves.

Fig. 4 Horn Antenna — SAS 571 from A.H. Systems Inc

D. Multi-resonant antenna

Multiple narrowband elements are arranged to form multi-resonant antennas. Yagi antennas and log periodic antennas
fall within this category. Because its phase center is not fixed in frequency and exhibits dispersion, this UWB antenna
are not practical for UWB.

Fig. 5 Log periodic antenna— SAS 510-7 from A.H. Systems Inc
CONCLUSION

There was discussion of the design factors, traits, and many varieties of ultrawide band antennae, as well as their
performance and applications. The challenges of the Ultra-Wideband method called for extensive investigation,
according to a literature review. Different antenna structures have been developed for use in UWB applications, making
antenna design an intriguing topic of study.The inventors of older, more conventional antennas are greatly responsible
for the art and science of UWB antenna design. Many of the conventional trade-offs, like gain versus field of view or
antenna size versus efficiency, are still valid, however they are impacted by unique aspects of UWB operation, like
regulatory restrictions.However, there are several significant differences between UWB antenna design and
conventional narrowband design. A UWB system's entire design is significantly influenced by a UWB antenna's
spectrum and impedance matching capabilities. Consequently, system and antenna design for UWB practice must take
an all-encompassing approach.
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