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UWB Antenna Designing: Challenges
and Solutions

Dinesh Yadav, and Vivekanand Tiwari

Abstract— Ultra wide-Band (UWB) technology is one of the
most promising solutions for the rapid development in the field of
wireless communication due to high-speed data rate, large bandwidth
and excellent immunity to multipath interference. In this context, the
UWB antenna design plays a unique role because it behaves like a
band pass filter and reshapes the spectra of the pulses, so it should be
designed to avoid undesired distortions. Some of the critical
requirements in UWB antenna design are: UWB antenna should
operate over entire UWB allocated by FCC (3.1-10.6 GHz ultra-wide
bandwidth), directional or Omni-directional radiation patterns,
constant gain and group delay over the entire band, high radiation
efficiency and low profile. This paper reviews the state of the art in
UWB antenna fundamental techniques, comparison between different
UWB antenna designs and proposed new class of UWB microstrip
patch antenna.

Keywords— UWB (Ultra-wide band), Microstrip patch Antenna,

Planar Antenna.
U LTRA Wide Band (UWB) technology is one of the most
promising solutions for communication systems due to its
high speed data rate and excellent immunity to multipath
interference. So, UWB technology has been used in the areas
of radar, remote sensing and military communication during
the past years. In February 2002, the Federal Communication
Commission (FCC) allocated an unlicensed band of 7.5 GHz,
i.e. from 3.1 GHz to 10.6 GHz for indoor UWB wireless
system. Industrial standards such as IEEE 802.15.3a (High
data rate) and IEEE 802.15.4a (very low data rate with
ranging) based on UWB technology have been introduced.
UWB technology is defined by the FCC as any wireless
scheme that occupies a fractional bandwidth more than 500
MHz or 20% of absolute bandwidth given in the FCC report
2002 [1]. The essence of ruling is that power spectral density
(PDS) of the modulated UWB signal must satisfy the spectral
masks specified by spectrum regulating agencies. For indoor
communications, maximum power spectral density of -41.3
dBm/MHz is allowed in the frequency band between 3.1GHz
to 10.6 GHz. Outside of that band, no intentional emissions are
allowed. Similarly, outdoor communication between mobile
devices is allowed in 3.1GHz to 10.6 GHz range, though the
mask for spurious emission is different.
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Fig. 1 FCC spectral mask for indoor and outdoor handheld
applications

The spectral mask for indoor and outdoor handheld
applications and different frequency spectrum specified by
FCC in the United States is shown in Fig. 1 and Fig. 2.
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Fig. 2 Different frequency spectrum including Ultra Wide Band

1. CHARACTERISTICS OF UWB ANTENNAS

UWB system has wide impedance bandwidth, steady
directional or omnidirectional radiation pattern, constant gain
in desired direction, constant desired polarization, high
radiation efficiency, linear phase response, Small size, low
profile and embeddable, low cost and low complexity
(installation, fabrication, materials and maintenance). UWB
systems operate at low power transmission levels; channel
capacity is proportion to the bandwidth (means data transfer
rate as high hundreds of Mbps or several Gbps). UWB signal
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do not cause significance interference to the other wireless
systems. UWB provides high secure and high reliable
communication solutions.

I1l.  MOTIVATION FOR UwB ANTENNA DESIGN

Ultra Wide Band (UWB) technology is considered to be
attractive by many researchers, scientists and engineers and a
promising technology for high-speed, high data rates and
short-range indoor wireless communications. This is especially
true when the US Federal Communication Commission (FCC)
permitted using the frequency band from 3.1GHz to 10.6 GHz
for UWB radio applications in 2002 [1].

Currently, there is a great interest in UWB system design
and implementation in both academic research and industry
areas. The concept of UWB radio was first developed several
decades ago exactly in the late 1960’s. The U.S. Department
of Defense first founded the term “ultra-wideband’ in 1989 [2].
In the beginning, UWB was mainly for military purposes such
as radar applications which use wideband signals in frequency
domain or very short duration pulses in the time domain to get
fast, reliable and accurate information about moving targets
such as missiles.

Extensive work has been has been done to improve the
performance of UWB antenna since last decade and still work
in progress. In the UWB frequency band (3.1 GHz -10.6
GHz), some narrow band systems such as Wi-MAX (3.4 GHz
- 3.69 GHz), WLAN (5.15 GHz - 5.35 GHz, 5.725 GHz -
5.825 GHz) and HIPERLAN (5.45 GHz - 5.725 GHz) exist.
These narrow band wireless systems generate interference with
UWB systems. To minimize the interference between the
UWB systems and narrow band systems, UWB antennas with
band notched characteristics have been proposed by the
researches.

IV. DIFFERENT UwWB ANTENNA DESIGNS

With the increasing popularity of UWB systems, there have
been many developments in the design of UWB antennas.
Enactment of a UWB system is facing many challenges and
one of these challenges is to develop a suitable antenna that
can work over entire UWB bandwidth. This is because the
antenna is an essential part of the UWB system and its
performance affects the system. In recent years, there are many
antenna designs that can achieve wide bandwidth to be used in
UWAB systems such as the Vivaldi antenna, bi-conical antenna,
log periodic antenna and spiral antenna as shown in Fig 3. A
Vivaldi antenna [3]-[7] is designed antenna for UWB
operations. A Vivaldi antenna has a directional radiation
pattern and so this antenna is not suitable for either indoor
wireless communication or mobile/portable devices because it
need omni-directional radiation patterns to enable easy and
efficient communication between transmitters and receivers in
all directions. Mono-conical and bi-conical antennas [8]-[10]
have bulky structures with 16 large physical dimensions which
limit their applications. Also, log periodic [9], [11] and spiral
antennas [12]-[15] are two different UWB antennas that can
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operate in the 3.1-10.6 GHz frequency band but are not
suitable for indoor wireless communication applications or
mobile/portable devices. This is because they have large
physical dimensions as well as dispersive characteristics with
frequency and severe ringing effect [11].

So researchers are more interested in UWB indoor wireless
communications and mobile/portable devices that can
overcome all these shortcomings. This candidate is the planar
or printed monopole antenna [16]-[38]. Printed monopole
antennas [16]-[24] with different shapes of polygonal
(rectangular, trapezoidal, circular, elliptical...etc.) have been
proposed for UWB applications as shown in Fig 4.

Fig. 3 (a) Vivaldi antenna [4] (b) Mono-conical and bi-conical
antenna [9] (c) Log-periodic antenna [9] and (d) Spiral and conical
spiral antenna [14]

21X L

(a) Rectangular [16]-[19]

(b) Circular and elliptical [20]-[21]

1 1P

(c) Other shapes [22]-[24]

Fig. 4 Modified shape planar antennas for UWB applications
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These proposed antennas have omni-directional radiation
patterns, wide frequency impedance bandwidth, easy
fabrication on printed circuit boards (PCBs) and printed PCB
structure of planar monopole antennas are considered to be
promising  candidates  for  applications in UWB
communications. Due to ease of fabrication, UWB antenna
designs focus on small printed antennas and their ability to be
integrated with other components on the same PCBs [25]-[38].
Several realizations of planar PCB or printed antenna deigns
shown in Fig. 5.

M

Ground pline at
the badx

Side view Top view

I~

Top view

Fig. 5 Planar PCB or printed antenna designs [33]-[38].

In UWB band (3.1 GHz to 10.6 GHz), there are several
existing Narrow Band communication systems operating
below 10.6 GHz and may cause interference with the UWB
systems such as Wi-MAX (3.4 GHz - 3.69 GHz), IEEE
802.11a WLAN (5.15 GHz - 5.35 GHz, 5.725 GHz - 5.825
GHz) and HIPERLAN (5.45 GHz - 5.725 GHz) wireless
system. To avoid the interference with the existing wireless
systems, a filter with band stop characteristics may be
integrated with UWB antennas to achieve a notch function at
the interfering frequency band [39]-[50]. Fig 6 shows several

developed band stop antenna designs [51].
- <

Side view

7N

(L

Uy

Figure 6 Printed antenna designs with single band-stop functions
[39]-[47].

V.CONCLUSION

A wide variety of UWB antenna designs are discussed in
this paper. Lot of research has been done in the past years to
design conventional antennas for Ultra wideband wireless
communication. Some features are common for different
antennas, and it is remarkable that, all designs are looking for a
wider matching impedance bandwidth without loss of
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omnidirectional radiation pattern and limiting pulse distortion.
Moreover, some designs provide a frequency band notch to
avoid WLAN interferences, which will be critical in the future.
The planar UWB monopole has several interesting
characteristics, among them; the most important are its
mechanical simplicity, directional and omnidirectional
capability and the matching impedance bandwidth ratio.
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