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Abstract: The communication industry field is mainly focused by high data transfer and more channel capacity in mobile
communication. The monopole resonator antenna which is used to radiate in the omni - directional pattern is used for multi
broadcasting. Ultra wide band antenna technology is used for transmitting the information through large bandwidth. Recently, ultra-
wideband (UWB) technology has attracted much attention both in the industry and academia due to its low cost, potential to handle high
data rate and relatively low power requirement. A UWB antenna is one of the key components for realizing the UWB systems. We note,
however, that designing a UWB antenna to deliver high performance is much more challenging than it is when dealing with the
conventional narrowband antennas. Typically, it is desirable for a UWB antenna to cover a wide bandwidth spanning the entire range of
3.1-10.6GHz, to produce an omnidirectional radiation pattern, and to have a compact size as well as a simple configuration. This paper

focuses on the planar printed UWB antennas.
1. Introduction

Antennas are a very important component of communication
systems. Most antennas are resonant devices, which operate
efficiently over a relatively narrow frequency band. When a
signal is fed into an antenna, the antenna will emit radiation
distributed in space in a certain way. A graphical
representation of the relative distribution of the radiated
power in space is called a radiation pattern. Various MIMO
antenna for UWB applications were proposed earlier. A
multiple input multiple output (MIMO) band notched
antenna for portable Ultra Wide Band applications
consisting of two square monopole antenna elements, a
vertical Tshaped ground stub to reduce the mutual coupling
and two strips on the ground plane to create a notched
frequency. The antenna can operate at the frequency range
of 3.1GHz to 11GHz with notched frequency of 5.15 - 5.85
GHz. A MIMO antenna for portable UWB applications
consists of two planar monopole antenna elements with
micro strip-fed printed on one side of the substrate and
placed perpendicular to each other to achieve good isolation.
To achieve better isolation and to increase impedance
matching, two long protruding ground stubs are added to the
ground plane on the other side. A short ground strip is used
to connect the ground planes of the two PMs together to
form a common ground. The use of ultra-wideband (UWB)
technology can be traced back to the 1950s for military
communications, and high-resolution radar [1-3]. UWB
antennas are one of the key components needed to realize a
UWB system, and a large number of UWB antennas have
been designed and investigated in the past, both numerically
and experimentally [4-11]. UWB technique is a radio
transmission technology which occupies a relatively wide
bandwidth, which exceed 500MHz as a minimum or it has at
least 20% of the center frequency [18]. This technology has
gained attention because of its potential as a novel approach
for  short-range and wide bandwidth  wireless
communication. In contrast to the traditional narrowband
communication systems, UWB systems transmit information
by generating radio energy at specific time instants in the
form of very short pulses. Thus, these systems occupy a
relatively large bandwidth and enable us to use time
modulation. In addition, UWB systems can provide a high

data rate which can reach up to hundreds of Mbits per
second, and which make them useful for secure
communication in military applications. Moreover, the
UWB systems demand a relatively low transmitting power
in  comparison  with the traditional narrowband
communications systems; hence their use can prolong the
battery life. In addition, use of short pulses helps reduce
multipath channel fading since the reflected signals do not
overlap with the original ones. In view of these
aforementioned advantages, and following the approval of
the FCC in 2002, a number of related topics pertaining to
UWB systems have been proposed and studied for more
than a decade. The Ultra wide band MIMO antenna which
covers WCDMA (1.92 - 2.17 GHz), Wi-Max (2.3, 2.5 GHz),
WLAN (2.4 GHz), UWB (3.1 -10.6 GHz) bands for wireless
device applications consists of printed folded monopole
antenna coupled with a parasitic inverted-L element with an
open stub inserted in the antenna to reject the WLAN band
which interfere with the UWB band. The two antennas are
arranged symmetrically on the mobile device substrate.
Here, the antenna structure was little complicated and
required high fabrication accuracy. Dual —slot element
antenna with parasitic monopoles for mobile terminals was
used. Double coupling path was introduced which create a
reverse coupling to reduce mutual coupling. Parasitic
elements are used to reduce the mutual coupling. A compact
planar ultra wide band (UWB) antenna with band notched
characteristics has the shape of radiation element and ground
plane modified with two symmetrical bevel slots on the
lower edge of the radiation element and on the upper edge of
the ground plane to make the antenna different from the
rectangular printed monopole. These slots improve the input
impedance bandwidth and the high frequency radiation
characteristics. An additional small radiation patch was
introduced to develop a frequency-notched antenna. A
compact printed UWB MIMO antenna system was proposed
which was operating at a frequency of 3.1 to 10.6 GHz. The
wide band isolation was achieved through a tree-like
structure on the ground plane. It is suitable for portable
UWB applications. This paper, which focuses on printed
UWB antenna, begins by presenting a review of the
development of UWB antennas from past to present. First,
we illustrate the UWB antenna designs based on microstrip-
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fed and CPW-fed techniques. Next, we describe the band-
notched UWB antennas based on the previously proposed
UWAB antennas. Also introduce the concept of MIMO-UWB
antennas. Finally, we turn to some special designs for
configurable UWB antennas that have a wide bandwidth and
notch-band reconfigurablity, useful for multi-band as well as
CR communication, which can meet the system
requirements not only for UWB applications but for multi-
band and CR communication applications as well.

2. Conventional UWB Antennas

As mentioned above, UWB technology is characterized by a
large bandwidth that can be defined as absolute bandwidth
and the fractional bandwidth. The Federal Communications
Commission (FCC) defines UWB operation as any
transmission scheme that has a fractional bandwidth greater
than or equal to 20% or an absolute bandwidth greater than
or equal to 500 MHz. Here, the fractional bandwidth (FBW)
is then given by the following equation:
FRW= 221
fH+fL

where H f is the upper boundary of the frequency bandwidth
and L f is the lower boundary of the frequency bandwidth.
Many of the conventional wideband antennas, shown in Fig.
1, which satisfy the definition of UWB bandwidth, can be
used for UWB applications. These conventional antennas
include horn antennas, and monopole as well as dipole
antennas, which have wide bandwidth and have been widely
studied and investigated for UWB communication
applications. However, these antennas are large in size,
hence are difficult to integrate into hand-sets and indoor
wireless communication terminals..In addition, their size
cannot be significantly miniaturized in comparison with
fully planar structures, such as microstrip antennas.
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Figure 1: Conventional wideband antennas

A. UWB antennas

To meet the requirements for hand-held devices and indoor
wireless applications, the monopole antenna shown in Fig.
1(d) has been madified to develop printed antennas by using
the equivalent area method proposed in [29, 94-96], which is

described below. For a monopole antenna, the lower
frequency Lf, with the voltage standing wave ratio (VSWR)
less than 2, can be obtained by means of the approximation
method of equivalent area from a cylindrical monopole
antenna, shown in Fig. 2.

Figure 2: Parameters of cylindrical antenna

A number of CPW-fed UWB antennas with compact size
have been developed and investigated to meet the
requirements of impedance bandwidth and the
omnidirectional radiation pattern characteristics. CPW-fed
UWB antennas are printed only on one side of the substrate,
which may reduce the cost of fabrication. Moreover, the
CPW-fed structure is easy to integrate with the front-ends of
wireless communication systems, which not only simplifies
the design of the front-end but also gives rise to low
complexity of the device. From the previous investigations
on the design of CPW-fed UWB monopole antennas, we
know that these antennas are compact in size, and they offer
a wide bandwidth, as well as good omnidirectional radiation
patterns that are suitable for practical UWB communication
applications.

B. Bandwidth Enhancement Techniques

We point out that some of the proposed UWB antennas
cannot cover the entire impedance bandwidth designated by
the FCC, which ranges from 3.1 GHz to 10.6 GHz. In order
to enhance the impedance bandwidth of these antennas,
several bandwidth enhancement techniques have been
proposed. These include introducing stair-case tapers on the
radiating patch, or inserting slots either on the radiating
patch or in the ground plane of these UWB antennas. By
using these bandwidth enhancement techniques, the
impedance bandwidth of the related antennas can be
significantly improved.

C. Band-notched UWB antennas

Based on the above discussion of microstrip- and CPW-fed
UWB antennas, we observe that these UWB antennas not
only cover the entire bandwidth designated by the FCC, but
can also provide good radiation patterns over the operational
frequency band. However, there exist a large number of
narrowband wireless communication systems that have
around for a long time, and they may present potential
interference with the UWB system and vice versa. Examples
are IEEE 802.11a WLAN systems operating at 5.15-5.825
GHz, super high frequency (SHF) and satellite services
operating in the 4.5-5 GHz band, IEEE 802.16 WiMAX
systems operating in 3.3-3.7 GHz range and ITU 8 GHz
band operating in the 7.725-8.275 GHz band. To suppress
these types of unwanted potential interference to the UWB
system, the traditional method is to insert narrowband band-
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stop filters in the antenna or in the feed line, which increases
the complexity as well as cost of the devices.

D. Reconfigurable UWB antennas

It is worthwhile to mention that these band-notched UWB
antennas cannot be used to cover the entire UWB band we
desire. Thus, designing a UWB antenna which can switch
between a notch-band and a conventional UWB antenna is
necessary. For this reason, a number of reconfigurable UWB
antennas have been proposed for operation either as a notch-
band or a full UWB antenna, an example being the
reconfigurable wide slot UWB antenna shown in Fig.3. In
this figure, switch-1 (SW1), switch-2 (SW2) and switch-3
(SW3) are used for controlling the operational state of the
UWB antenna. When all the switches are turned ON, this
antenna operates as a band-notched UWB antenna, which
can be used to reduce potential interference from signals
emanating from narrowband systems. When all the switches
are OFF, this antenna functions as a UWB antenna, which
covers the entire the FCC-designated UWB band ranging
from 3.1 GHz to 10.6 GHz. However, when the SW1 switch
is ON while SW2 and SW3 are OFF, it functions as a UWB
antenna with only a single notch band. In this design, the
SW2 and SW3 are turned ON or OFF at the same time to
retain the symmetry of the antenna, which can also achieve a
good omnidirectional radiation pattern. In addition, such
reconfigurable UWB antennas can also be used for UWB-
CR communication applications. Thus, the reconfigurable
UWB antenna is one of the desirable candidates for such
applications.

3. Special Design of Reconfigurable UWB
Antennas

We now turn to an example of a reconfigurable UWB
antenna design, which is a modification of the
reconfigurable UWB antenna. The geometry of the proposed
reconfigurable dual-band-notched UWB antenna is
presented in Fig. 4. A substrate with a dielectric constant of
2.65, a loss tangent of 0.002, and a thickness of 1.6mm is
employed to design the antenna by using a commercial
electromagnetic solver HFSS (High Frequency Structure
Simulator) based on the Finite Element Method (FEM). The
antenna consists of a circular wide-slot in the CPW ground
plane, a circular ring radiating patch, a pair of open-ended T-
shaped stubs (OET-S) inserted into the inside of the circular
ring radiating patch, an inverted-F stub loaded rectangular
resonator (IFSLRR) etched in the CPW-fed transmission
line, two ideal switches denoted as switch-1 (SW1) and
switch-2 (SW2), and a CPW ground plane together with a 50
Ohm CPW feed structure. The 50 Ohm CPW feed structure
is comprised of two parts, namely, CWP-fed transmission
line having a width of W5=3.6mm and a gap between the
CPW ground plane, and the CWP-fed transmission line with
a width of 0.2mm.
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Figure 3: Reconfigurable band-notched UWB antenna
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Figure 4: Example of a reconfigurable UWB antenna

4. Future Work and Development

For commercial applications 3.1-10.6 GHz bandwidth has
now been released. Some topics are still being investigated
for future UWB antenna designs such as Multiple notch
band UWB antennas, Reconfigurable UWB antennas and
MIMO UWB antennas.

5. Conclusions

In this paper, we have studied and reviewed a wide variety
of UWB antennas. We found that there are number of
interesting aspects that need to be taken into account when
designing high performance UWB antennas, as opposed to
conventional narrowband antennas. We also highlighted
number of potential applications that could be further
considered for designing UWB antennas. We concluding
that UWB antenna measurements and characterization of
UWB antennas for practical applications should be carried
out in the time domain. In future, we believe that UWB
antennas show considerable promise and that they will
witness further developments alongside the rapid and
explosive growth of wireless communication technology that
we are witnessing today.
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