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Abstract

Antenna plays a vital role in Wireless Communication System. Modern and future wireless systems consuming greater demand
on antenna design. This leads to a high data rate wireless communication technology called ultra wideband (UWB) with a
bandwidth of 7.5GHz (from 3.1GHz to 10.6GHz). There are more challenges in designing a UWB antenna than a narrow band
one. The design of Ultra Wideband antennas involves quite different considerations, compared to narrow band antennas. A
suitable UWB antenna should be capable of operating over an ultrawide bandwidth as allocated by the FCC. This paper gives an
overview of UWB antenna designs and the paper also confers the existing survey works followed by discussion of all the
significant literatures related to the topic.
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I. INTRODUCTION

Antenna is a main part of wireless communication system. It converts the electronic signals into Electromagnetic Waves
(Propagating in the free space) with minimum loss. The basic requirements of antenna to be used in wireless communication
system are size reduction, multiple frequency characteristics, high gain, wide-band, reduction in return-loss, Omni-directional
radiation pattern, reduction in cost.

A system is said to be wideband when the message bandwidth significantly exceeds the coherence bandwidth of the channel.
The communication links have high data rate are forced to use a wide bandwidth; A wideband antenna is one having the same
operating characteristics over a wide passband. It is distinguished from broadband antennas, where the passband is large, but the
antenna gain and/or radiation pattern need not to be same over the passband.

Ultra-wideband is a radio technology developed by Robert A. Scholtz, Larry W. Fullerton .It uses a very low energy level for
short-range, high-bandwidth communications over a large portion of the radio spectrum. UWB technology is based on the use of
very narrow pulses on the order of nanoseconds, which covers a very wide bandwidth in the frequency domain. It is used for
transmitting information spread over a large bandwidth ranges from(>500 MHz).The Signal is said to be in UWB if the fractional
Bandwidth is greater than 0.25.The conventional radio transmissions and UWB are differed by information transmission. The
conventional systems transmit information by varying the power level, frequency, phase of a sinusoidal wave. UWB
transmissions transmit information by generating radio energy at specific time intervals and conquering a large bandwidth, thus
enabling pulse-position or time modulation.

The goal of the UWB antenna designer is to design an antenna with small size, omnidirectional patterns, and simple structure
that produces low distortion but can provide large bandwidth. UWB antennas require the phase centre and voltage standing wave
ratio (VSWR) to be constant across the whole bandwidth of operation. Because a change in phase center may cause distortion on
the transmitted pulse and worse performance at the receiver.

In the early years of ultrawideband (UWB) technology [1], [2], it was limited to special applications, primarily in the military
area and there primarily to electronic warfare. Now a days they are mostly used in RADAR and sensor applications. It was until
2002 that the U.S. Federal Communications Commission (FCC) allocated a frequency range with a bandwidth of 7.5 GHz from
3.1-10.6 GHz for UWB applications [3].

The spectra are license free, but the requirements for avoidance of interference with other systems are strict. The maximum
radiated power in the UWB band is usually restricted to 41.3-dBm/MHz effective isotropic radiated power (EIRP)and for in-
house applications. This limitation directs the usage of the license-free band to short-range applications in radar sensing,
locating, and communications.

One of the biggest advantages of UWB is the reduction of the fading. In the UWB radio channel, the wide bandwidth reduces
the influence of fading and results in a flat propagation loss, even for multipath propagation. Additionally, it is difficult or almost
impossible to detect UWB signals without prior knowledge of the system specifications in some applications (e.g., military
communications) this feature might be advantageous.

Chapter 2 deals with UWB antenna design considerations and significance. The broad classifications of UWB antenna are
discussed in chapter 3. The chapter 4 gives the detailed study of various UWB antennas and its applications.
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I1. DESIGN CONSIDERATIONS

In the Ultra Wideband (UWB) regime the bandwidths are in the range of several 10%, nominal 20% by US FCC. The narrow
band antenna requirements in applications for communications and Radar antennas are usually defined by:

— Radiation characteristic,

— Antenna gain,

—  Impedance matching.

Broadly the antennas can he classified as either resonant or non resonant, depending on their design. In resonant antenna, if the
antenna works in a resonant frequency, all of the radio signal fed to the antenna is radiated. But if the antenna is fed with a
frequency other than a resonant one, a large portion of the fed signal will not be radiated. With a resonant antenna, if the
frequency range is very wide, a separate antenna must be used for each frequency. On the other hand, a non resonant antenna can
cover a wide frequency range, but special care must be taken in antenna design to achieve sufficient antenna efficiency.

An initial decision has to be made whether the antenna has to be used for time domain or in frequency domain applications.
The behavior of the antennas in these two applications may be rather different and the result is Ultra Wideband antennas that are
used in time domain for some applications and for some applications in frequency domain [1].

Common to all Ultra Wideband antennas in frequency domain and in time domain the requirements are:

— 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.

A. Significance of UWB Antenna

There are various radio-communication based technologies that aim for better and efficient service delivery. Among the various
wireless radio-communication technologies [5], Ultra wideband (UWB) system plays an important role. The characteristics of
UWB are studied by either time domain or frequency domain. Both the domain uses complete information of the radiation. The
impulse that is fed to the UWB antenna is usually subjected to differentiation, dispersion, radiation, and losses. The study of
UWB antenna is carried out by tracking the performance of spectral efficiency in terms of peak value of envelop, envelop width,
Ringing, transient gain, gain in frequency domain, group delay, mean group delay, and relative group delay [6]. UWB is plays
a major role in advance communication technologies like wireless sensor networks with minimal cost and complexity. Some of
the potential characteristics of the UWB antenna are

B. Maximal Transmission Capability

UWB supports data rate transmission more than 500 mbps in the transmission range of 10 meters. Hence, such potential and
robust antenna design can be applied on maximum number of application

1) Reduced Loss Penetration

UWB antenna has the capability to work in such complex obstructive environment under both line and non-line of sights.
Applications like indoor localization are one good example of this characteristic.

2) Maximal Range of Precision

UWB uses short pulse signal to generate and transmit it. Therefore, UWB antenna have maximal resolution in time domain and
can obtain higher range of accuracy in enabling various tracking of the objects in complex environment.

3) Maximal Security

UWB antenna is having lower scale of power spectral density. UWB antenna is less extents of noise impossible for the attacker
to understand the type of the signal and intercept it and rate of interference is very low.

4) Resiliency toward channel fading

The probability of channel fading on multiple paths is very less in UWB antenna; the complexity of both transmitter as well as
receiver is very less in UWB.

5) Cost-Effective Devices

The hardware of UWB antenna e.g. baseband and RF chip, CMOS, converters etc are very much low cost. The hardware circuit
designs are low-powered and are independent of any oscillators and mixers.

6) Supportability of Reconfigurable Networks

The UWB antenna support various reconfigurable networks like OFDM, Optical network, Global Positioning System, Wireless
LAN, wireless sensor network, Mobile Adhoc Network etc.

C. Antenna Size Reduction

Unlike narrowband antennas, UWB antennas require sufficient impedance matching over a wide frequency range. As a result,
designing a miniature UWB antenna involves two key steps:
— Increasing the antenna’s electrical size via proper reactive loadings to improve impedance for a better matching, and
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— Choosing a proper source resistance based on a careful trade-off consideration among gain, bandwidth and degree of
miniaturization.

There are many size reduction approaches are present, each has its own benefits and challenges. The main challenge in using
the material (dielectric or magnetic) loading approach is its additional weight. Magnetic materials often have a higher loss and
narrower bandwidth compared to dielectric materials. As an alternative, reactive loading can be used to achieve similar
miniaturization factors while adding a minimal amount of weight to the antenna where the gain performance of a log spiral
antenna is improved by using 2D to 3D inductive arms.

D. UWB Signal Fidelity

One of the design problem for Ultra Wideband antennas is their fidelity F [2, 3]. The fidelity characterizes the radiation
characteristic, especially in time domain, in the different directions of the radiation in relation to the radiation in a reference
direction (template). The fidelity is derived from the signal distortion. For a good UWB antenna the fidelity and the radiated peak
power should be good in the same angular directions.

E. Group Delay

The group delay should be constant with extremely small variations versus frequency. The group delay is directly related to the
radiation phase center: if the phase center moves with frequency the group delay is distorted.

F. Ringing

Ringing is caused by the energy radiated after the main signal. The reasons for ringing may be diverse: energy storage in
resonators, multiple reflected waves, substrate surface waves, improper feed lines Ringing is of no use at all, because the power
cannot be recovered in the receiver. It prevents high data rates in communications and near range imaging for Radar. Hence it
should be suppressed.

I1l. UwB ANTENNA TYPES

The UWB antennas can be grouped into

— Travelling wave antennas: Because they provide a smooth transition from the guided wave to the free space waves over a
wide frequency range.

— Frequency independent antennas: These antennas are defined only by their angular configuration and provide similar
radiation conditions over a wide frequency range. The radiation is usually circular polarized.

—  Self-complimentary antennas: for which the metallization may be replaced by dielectric and vice versa

—  Multiple resonance antennas : These antennas provide over a wide frequency range, determined by the single elements of
the multiple elements with similar radiation conditions.

— Electrically small antennas. These antennas, in size far below a wavelength, also provide similar radiation characteristics
over a wide frequency range. Their problem is the impedance change verses frequency, which has to be compensated by a
proper matching design. For all the above antennas the operational frequency range defines their size. Radiation usually
occurs, when the E-field exciting currents are 180° out of phase. For Ultra Wideband applications it is desirable to have a
constant gain or over the whole frequency bands that are provided by the international regulations, f. e. 3.1 GHz to 10.6
GHz in the United States. This is required because the effective radiated power EIRP is strictly limited and should be fully
exploited for an efficient application [6].

There are basically two types of UWB antennas.

— Type-1 UWB antennas achieve its bandwidth by either having multiple or continuous resonant modes that are serially
excited. Examples of these antennas are Log periodic and spiral [1],[2].

— Type-2 UWB antennas achieve wide bandwidth by allowing radiations from a small region with respect to wavelengths.
Vivaldi antenna , double-ridged horn and resistive terminated TEM horn are common examples of Type-2 antennas [3][4].

IV. LITERATURE REVIEW

A. A Band-Notched UWB Log-Periodic Dipole Antenna

In 2010 researchers Lin Guo, Fengyi Huang*, Yan Wang, Xusheng Tang investigated towards dipole antenna and presents a
compact ultra-wideband (UWB) antenna fed by strip line. The antenna is a log-periodic dipole antenna with 18 elements. The in-
band impedances are quite stable and satisfactory. A rejected narrow frequency band is further obtained within the wideband
width by inserting an H-shaped slot into the central fed line of the antenna. The antenna has a dimension of 47.8mm by 42 mm
by 2mm. The simulation results show that the proposed antenna has stable directional radiation patterns, very low-profile and
low fabrication cost, which are suitable for UWB system.

All rights reserved by www.ijirst.org 19



A Literature Survey on Ultra Wide Band Antennas
(1JIRST/ Volume 3 / Issue 09/ 004)

B. A Compact Microstrip Ultra-wideband (UWB) Antenna for VHF/UHF Band Applications

The researcher Guo-Min Yang presented a compact ultra-wideband quasi log-periodic dipole antenna (LPDA) printed on
dielectric substrate. The antenna is realized by cascading straight line LPDA with 29 elements and meander line LPDA with
1lelements. An ultra-wideband of 20-2200 MHz was obtained, and the antenna gain was about 6 dBi in the band of 100 -2200
MHz. The simulation results indicate that the designed UWB LPDA has very stable radiation patterns throughout the whole
frequency band combined with low profile and ease fabrication, which show great potential for VHF and UHF bands wireless
communications.

C. Reconfigurable UWB Log-Periodic Antenna

The authors Andre Calmon, Guilherme Pacheco and Marco Terada proposed a reconfigurable ultra wideband log-periodic dipole
array (LPDA) antenna is introduced. Built utilizing low cost and/or recyclable materials it can cover frequencies from 74 MHz to
2Ghz, through the discrete adjustment of its elements. The antenna’s gain in a given frequency band of operation can also be
changed by the reconfiguration of its elements.

D. Printed Log-Periodic Antenna

The researchers Keng-Chih Lin* (1) and Yi-Cheng Lin (2) investigated toward microstrip-fed log-periodic antenna integrated
with a planar ultra-wideband balun printed on the same PCB is presented. The UWB balun feed is particularly designed using a
compensated scheme that provides a stable main beam direction and gain level and a fixed phase center over the entire
bandwidth (1~6GHz). The antenna operates in two orthogonal linear polarizations with two separate ports. The characteristic of
polarization diversity can be configured in MIMO system with wideband frequency response. Simulation and experimental
results show that the antenna has stable impedances and radiation gain patterns with a very good crosspolarization discrimination
(XPD) of 20dB over the entire bandwidth.

E. Miniaturized UWB Log-Periodic Square Fractal Antenna

The authors Amrollah Amini, HomayoonOraizi, Mohammad Amin Chaychizadeh proposed a log-periodic square fractal
geometry is presented for the design of a miniaturized patch antenna for the ultra-wideband (UWB) services (3.1-10.6 GHz). A
miniaturization factor of 23% is achieved with a constant and stable gain in the desired band. The radiation pattern is broadside,
which finds suitable applications in the UWB radars and medical imaging. Furthermore, the time-domain performance of the
proposed antenna is investigated.

F. UWB Coplanar Waveguide-Fed Coplanar Strips Spiral Antenna

The researchers Amjad Omarl, Raed Shubair2 investigated toward an ultra-wideband coplanar waveguide-fed-coplanar strips
square-spiral antenna that operates in the frequency band 4-10 GHz. This antenna is easy to design and yields at least a 50%
reduction in size as compared with other available UWB spiral antennas. A matching resistor is placed at the end of the spiral to
yield better than 10 dB return loss over the operating frequency band. The antenna yields circular polarization at boresight in the
frequency range 6.6-7 GHz. This frequency range will be optimized in the final design and factors that affect it will be
determined.

G. A Wideband Omni directional Circularly Polarized Spiral Antenna

The author Mayumi Matsunaga proposed a novel wideband omnidirectional circularly polarized (CP) antenna is presented. The
antenna is constituted by spiral radiators and a dipole feeder. To configure the spiral radiators in cross shape leads not only
omnidirectional radiations but also circularly polarization. Combining the spiral radiators with a dipole feeder, the presented
antenna achieves wideband CP radiations as keeping good S11 characteristics. Simulation results show that the antenna achieve a
-8 dB impedance bandwidth of 12.5% and a 4 dB axial ratio (AR) bandwidth of 20% in the boresight direction. At 3.66 GHz, the
maximum gain is 4.4 dBi and the 4 dB AR beam-width is 120°.

H. Design of a UWB Unidirectional Radiation Compound Spiral Antenna

The researchers Yangyi Zhao, Weidong Hu proposed the design of a modified unidirectional radiation miniaturized compound
spiral antenna fed by an exponentially tapered balun is shown in this paper. The compound spiral antenna is designed by
combining a typical equiangular spiral antenna with Archimedean spiral line. By taking advantage of a modified reflector to
make the antenna into a microstrip form, the structure realizes a typical unidirectional radiation pattern for planar spiral antennas,
which naturally increases radiation gain. In the range from 5 to 20 GHz, simulated radiation patterns, axial ratio plots and VSWR
plots show good performance. The comparison with the compound spiral antenna and traditional UWB antennas shows the
improvement of the axial ratio.

I.  Design and Optimization of UWB Vivaldi Antenna for Brain Tumor Detection

The authors He Yul, Guo-hui Yangl, QunWul, Ming-hui Su2 investigated toward ultra-wideband(UWB) Vivaldi antenna
designed to detect brain tumor is presented in this paper. By transforming the conventional two-layer Vivaldi antenna into a
three-layer structure, the cross-polarization effect of antenna is sharply reduced. Based on different conductivity of brain tissues,
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the microwave absorption effect of brain tumors is analyzed in the end, which indicates the broad prospect of microwave
imaging system in the field of tumor detection.

J. A Miniaturized Vivaldi Antenna with Modified Feeding Structure for UWB applications

The researchers A.Madannezhad, H.Ameri*,S. Sadeghi proposed a a miniaturized Vivaldi antenna for ultra-wideband (UWB)
applications is proposed. The antenna is designed to operate in the entire UWB spectrum from 3.1 to 10.6 GHz. A new modified
feeding structure is employed to miniaturize the Vivaldi antenna. The designed antenna is fabricated and tested. Experimental
results show satisfactory performance of the antenna over the entire UWB frequency band.

K. Novel conformal Vivaldi antenna fed by CPW

The authors Lin Taol, Song Lizhongl, Liu Shangji2, Wang Yongjian3 Li Zexiu4 investigated to realize the function of angle
measurement for passive radar seeker, a novel Vivaldi antenna fed by CPW is designed. The novel structure can be more suitable
for conformal because of its single side property.Elliptical slot is introduced to improve the distribution of surface current. Side
fed has achieved miniaturization.

L. Improved Design of Vivaldi Antenna with Loading Resistance for Wideband Applications

The researchers Zihao Liu, Yongzhong Zhu, Jian Zhou proposed an improved structure of Vivaldi antenna, which loads
resistance at the bottom of exponential type antenna to improve Voltage Standing Wave Ratio (VSWR) at low frequency, and
which opens three symmetrical unequal rectangular slots in the antenna radiation part to increase the gain. The improved Vivaldi
antenna size is 150 mm * 150 mm, and the working frequency is 0.8-3.8 GHz (measured VSWR<2).The experimental results
show that the antenna has good directional radiation characteristics within the scope of bandwidth.

M. Design and Simulation of Double Ridged Horn Antenna Operating For UWB Applications

The authors Manish Puri #1, Sunil Singh Dhanik #2, Prakash Kumar Mishra #3 proposed the design and simulation of a
modified double-ridged antenna. The radiation phenomenon is based on the wave impedance transition from transmission
waveguide line to the impedance of free space through ridges. This paper describes the design of an ultrawideband Double
Ridged Horn antenna with VSWR less than 2, operating at 5.3GHz to 6.3GHz, 11.02GHz to 11.8GHz, 16.5GHz to 18GHz,
22.8GHz to 23.7GHz and 28GHz to 29.14GHz frequency ranges which are proved to be more suitable as a feed element in
reflectors of the RADAR systems and EMC applications. The ridges are used to lower the cut-off frequency, hence increasing
the antenna's bandwidth. An Antenna having coax feed transmission line for radio frequency signal, provides protection of the
signal from external electromagnetic interference. To boost the return loss, an external part called “back cavity” is attached to the
waveguide. Results of simulation and the performance of a double ridged pyramidal horn antenna in terms of low VSWR (less
than 2), high gain, ultra-wide operation frequency bandwidth operating at 5.3GHz to 6.3GHz, 11.02GHz to 11.8GHz, 16.5GHz
to 18GHz, 22.8GHz to 23.7GHz and 28GHz to 29.14GHz are provided.

N. Miniature body-matched double-ridged horn antennas for biomedical UWB imaging

The authors F. Scotto di Clementel, R. Stephanl, U. Schwarz2, M.A. Hein proposed Ultra-wideband imaging for biomedical
diagnostics. Especially for imaging applications, the miniaturization of the antennas plays a key role due to the necessity to
arrange a high number of sensors around the target under investigation.

0. A Double-ridged Horn Antenna Applied to Ultra wideband Radar for Human Being Detection

The authors ZHAO Linl, CHI Yong-gangl, ZHANG Xing-gil, WU Xuan-lil, CAl Run-nanl , LI Hong-mei2 Proposed a
double-ridged horn antenna applied to ultra-wideband radar for human being detection.First, the principle of ultra-wideband
(UWB) radar for human being detection is analyzed. The working frequency is 0.86~2.37GHz with reflection coefficient less
than -10dB (relative bandwidth 93.5%). And the antenna gain is 9.6-12.0dBi in the pass band. So the proposed antenna has
characteristics of ultra-wide band, high gain, and strong directional radiation. And it is suitable to be the transmitting antenna of
UWAB radar to send ultra-short electric pulses.

V. CONCLUSION

The design consideration, characteristics and the different types of Ultrawide band antenna and their application, performance
was discussed. Based on literature survey challenges in Ultra Wideband technique called for intensive research. There are
different antenna structures were designed for UWB applications which leads to antenna design as interesting research area.
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