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ABSTRACT
Due to the rapid development in the field of wireless communications there is an increasing demand for higher
data rate and large bandwidth. The emerging Ultra Wideband (UWB) is a promising technology as it can
accommodate higher data over a large bandwidth. The design of an antenna for UWB system is a challenging
task. Many antennas have been designed for UWB with acceptable performance. A suitable UWB antenna
should operate over entire UWB allocated by FCC (3.1-10.6 GHz), it should have linear phase, low dispersion
and VSWR ≤ 2 throughout the entire band. Feeding the antenna also affect the response of antenna. There are
different feeding techniques that have been discussed in this paper. According to the feeding techniques the
patch antenna for UWB have been categorized and their results have been concluded which represents
comparative analysis of their return loss and other basic parameters. This paper focuses on different UWB
antennas, their geometries and design parameters. Studies have been undertaken that covers UWB antenna
design fundamentals and techniques and comparison of feeding techniques have been undertaken.
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I.

INTRODUCTION

The antenna is an essential part of any wireless system as it is the component providing transition
between a guided wave and a free-space wave. Ultra Wideband (UWB) is an emerging technology for
future short-range wireless communications with high data rates as well as radar and geolocation [1].
Indeed, the use of large bandwidths offers multiple benefits including high date rates, robustness to
propagation fading, accurate ranging and geolocation, superior obstacle penetration, resistance to
jamming, interference rejection, and coexistence with narrow bandwidth systems. These requirements
include no spurious interference to licensed systems, adjustable pulse shape, bandwidth and
transmitted power, support of various throughputs, provision of adaptive multiple access, and security
of information. The regulation for ultrawide band was officially released in 2002 by Federal
Communication Commission (FCC) and spectrum of 3.1-10.6GHz is allocated for this band [2].
UWB communication has many advantages over short-distance communication as follows:
1. Higher data rates over large bandwidth (BW) and large channel capacity
2. Better immunity to multipath interference
3. Less complexity and cost
4. Low power consumption
The UWB spectral mask is shown in figure 1 that shows spectral density of –41.3/dBm/MHz
throughout the frequency band. The specifications provide many challenges to designers in a
variety of fields including circuit and system design and most important antenna design.
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Figure 1: FCC Spectral Mask for indoor unlicensed UWB transmission. [2].

II.

MOTIVATION FOR ANTENNA DESIGN

Antenna design has been a challenging issue for UWB radio system. The main issue in UWB antenna
design is to achieve wide impedance bandwidth with high radiation efficiency. To attain power loss
less than 10% at the antenna terminals it is required that UWB antenna should attain BW greater than
100% of the center frequency. It means BW up to 7.5GHz is required for a workable antenna [3].
Linear phase and sufficient impedance bandwidth is also a requirement for a suitable antenna design
in order to minimize pulse distortion during transmission. Power loss should be less than 50% for
UWB since the receive end architecture is sensitive to receive UWB signal. A planar antenna is also
desired. Given that there are several additional constraints and challenges for the design of a UWB
system antenna, motivation for antenna design is clear.

2.1 DESIGN CONSIDERATION FOR UWB ANTENNA
UWB antennas need different requirements due to its applications such as portable electronics and
mobile communications. A conventional UWB antenna is not suitable for normal requirements. To
satisfy different requirements such as size, gain and radiation patterns, many kinds of the new
antennas have been proposed and are shown in figure 2.
1. Biconical, Bowtie and Monopole Antennas
2. Slot type UWB Antennas
3. Tapered Slot UWB Antennas
4. Fractal UWB Antennas
• Biconical, Bowtie and Monopole Antennas: Many kinds of the planar monopole UWB
antennas are introduced. Furthermore, Shiwei et al. (Qu & Ruan, 2005) and Tu Zhen et al.
(Tu et al., 2004) are respectively introduced quadrate bowtie antenna with round corners and
ultra wideband dipole antenna having a wideband property. The optimized antenna has an
8.5:1 impedance bandwidth and consistent radiation parameters over a 4.5:1 frequency range
with excellent polarization purity over the entire 8.5:1 frequency range. And the antennas in
figure are good examples of the UWB bowtie antenna (Kwon et al., 2005; Nakasuwan et al.,
2008). Their bandwidth achieves more than the 3~10.6 GHz needed for UWB
communication systems.

UWB Bowtie Antenna
•

Slot typed UWB Antennas: Slot antennas are currently under consideration for use in ultrawideband (UWB) systems due to the attractive advantages such as low profile, light weight,
ease of fabrication and wide frequency bandwidth. This type of antenna has been realized by

49

International Journal of Engineering Sciences & Emerging Technologies, Feb 2012.
ISSN: 2231 – 6604
Volume 1, Issue 2, pp: 48-60 ©IJESET
using microstrip line and CPW feeding structures. The antenna in Figure (a) is consisted of
the ground plane with wide rectangular slot and microstip feeding line with a fork-shaped
tuning stub. Its measured bandwidth covers the UWB band from 2.5 GHz to 11.3 GHz that is
a 127 % fractional bandwidth for S11 < -10dB. Its bandwidth is improved by using a tuning
pad, which is made of copper as shown Figure (b). The improved antenna covers from 2.3
GHz to 12 GHz. And Figure (c) uses a tapered monopole like slot instead of the rectangular
slot to decrease the low resonant frequency. Wen-Fan Chen et al. are introduced new shape
UWB antenna, keyhole shaped slot antenna, which is consisted of an indented circular-pie
slot, a rectangular stub slot and a microstip feed line as shown in Figure (d).

(a)

(b)

(c)

(d)

UWB Slot Antenna

•

Tapered Slot UWB Antennas: Tapered slot antennas (TSA) belonging to the general class of
endfire traveling-wave antennas (TWA) has many adventages such as low profile, low
weight, easy fabrication, suitability for conformal installation and compatibility with
microwave integrated circuits (MICs). In addition, TSA hase multioctave bandwidth
moderately high gain and symmetrical E- and H- plane beam patterns

Tapered Slot Antenna
•

Fractal UWB Antennas: Many studied are specially concentrated on fractical antennas
because they possess small size, light weight and thin shape for portable devices that have a
rigorous limitation of space, but also wide bandwidth and good radiation patterns. Thus, the
fractal technology is applied to realize the UWB characteristic with its self-similarity and
space filling properties. Figure shows two fractal antennas for UWB applications
(Naghshvarian-Jahromi & Falahati, 2008; Ding et al., 2006). The former used a circular patch
with triangular slot, which is called a crown circular microstrip fractal antenna. The letter
selected a pentagonal patch for initial design and then repeated Penta-Gasket Khock (PGK)
iteration. These antennas have required properties for UWB communication systems.

Fractal UWB Antenna
Figure 2: Different Design Techniques

The most serious problem for UWB application is interference. Rejection of interference is necessary
for UWB applications with existing wireless technologies such as IEEE 802.11a in USA (5.15-
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5.35GHz, 5.725-5.825GHz) [4]. A band stop filter can be used but the use of filter would make the
system complex. Many UWB antennas have been designed to overcome this interference problem.

2.2 FEEDING TECHNIQUES FOR MICROSTRIP PATCH ANTENNA:
The four most popular feed techniques used are the microstrip line, coaxial probe (both contacting
schemes), aperture coupling and proximity coupling (both non-contacting schemes).
•

Microstrip line feed: In this type of feed technique, a conducting strip is connected
directly to the edge of the microstrip patch as shown. The conducting strip is smaller
in width as compared to the patch and this kind of feed arrangement has the
advantage that the feed can be etched on the same substrate to provide a planar
structure. The purpose of the inset cut in the patch is to match the impedance of the
feed line to the patch without the need for any additional matching element. This is
achieved by properly controlling the inset position.

Microsrip line feed

•

The Coaxial feed or probe feed is a very common technique used for feeding
Microstrip patch antennas. The inner conductor of the coaxial connector extends
through the dielectric and is soldered to the radiating patch, while the outer conductor
is connected to the ground plane. The main advantage of this type of feeding
scheme is that the feed can be placed at any desired location inside the patch
in order to match with its input impedance. This feed method is easy to
fabricate and has low spurious radiation.

Coaxial/Probe feed rectangular patch antenna

51

International Journal of Engineering Sciences & Emerging Technologies, Feb 2012.
ISSN: 2231 – 6604
Volume 1, Issue 2, pp: 48-60 ©IJESET
•

In this type of feed technique, the ground plane as shown separates the radiating patch and the
microstrip feed line. Coupling between the patch and the feed line is made through a slot or
an aperture in the ground plane.

The major disadvantage of this feed technique is that it
is difficult to fabricate due to multiple layers, which also increases the antenna
thickness. This feeding scheme also provides narrow bandwidth.

Aperture coupled feed

•

This type of feed technique is also called as the electromagnetic coupling scheme.
Two dielectric substrates are used such that the feed line is between the two
substrates and the radiating patch is on top of the upper substrate. The main
advantage of this feed technique is that it eliminates spurious feed radiation and
provides very high bandwidth (as high as 13%) due to overall increase in the
thickness of the microstrip patch antenna. This scheme also provides choices
between two different dielectric media, one for the patch and one for the feed line to
optimize the individual performances.

Proximity coupled feed
Figure 3: Types of feeding techniques

III.

REVIEW OF DESIGN TECHNIQUES BASED ON FEEDING TECHNIQUES

As mentioned before UWB technology has gained great popularity in the field of research and
industrial area due to its higher data rate and large BW. Researchers have investigated many UWB
antennas [5-30], which shows that their design would be a big issue. The main challenge to design a
UWB antenna comes from the coverage of large bandwidth because the matching and energy
transmission require to be verified for the entire bandwidth. However, the traditional trade-offs such
as size vs. efficiency and size vs. bandwidth still influences the characteristics and performance of
antennas. Some of the techniques are discussed as under:
• Microsrip line feed technique:
A.A compact design for microstrip UWB antenna has been presented. Based on transmission line
modal analysis rectangular patch antenna parameters have been calculated. The detailed geometry and
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parameters are shown as in the table I and figure 3. The proposed antenna design geometry and
experimental setup is presented [31].

Figure 4: Design of proposed antenna[31]
Table I: Detailed Parameters For Proposed Antenna[31]

Figure 5: Return loss of proposed antenna[31]

The radiation pattern of the proposed antenna is shown as follows in figure 6

Figure 6: Radiation pattern of proposed antenna[31]
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It can support large BW excited by a time domain pulse to ensure better transmission and reception of
UWB signal. To provide further enhancement of the antenna performance in terms of impedance BW
stepped matching technique is applied on the antenna.
B. The design of an UWB slotted microstrip patch antenna is presented in [32]. It has impedance BW
between 1.78GHz to 11.13GHz. Antenna parameters such as slot size, its positin and dimension, feed
width and patch shape has been also investigated to obtain better S11 value. Results have been
simulated in CST Microwave Studio.
Figure7 show the proposed antenna design. Detailed parameters for this antenna are also given in
table II .The antenna is designed on FR4 substrate with the thickness of 1.6 mm and dielectric
constant of 4.4. The dimensions of the antenna structure are shown in Table 2.

Figure7: Design of proposed antenna[32]
Table II: Detailed Parameters For Proposed Antenna[32]

Figure 8: Return loss of proposed antenna

The radiation pattern of the proposed antenna is shown as follows in figure 9
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Figure 9: Simulated radiation pattern at f = 3 GHz, 5 GHz, 7 GHz and 9GHz at (a) phi = 90º (b) phi = 0º[32]

Better return loss is obtained when slot is placed near to the feed-line. UWB characteristic from
1.78GHz to 11.13GHz is obtained by optimizing antenna parameters.
C.UWB antenna with variable frequency band notch characteristics has been proposed [33]. Two slots
are inserted in both sides of the feedline on the ground plane. To generate band notch characteristics
H- shaped back plane is used with variable frequency. The proposed antenna operates over the
frequency band between 3.1 and 14GHz with band rejection in the frequency band of 5.1 to
5.9GHz.Figure 10 shows the basic design structure. The results obtained are also shown in figure 11.

Figure 10: Design of the proposed antenna[33]

Figure 11: Measured x-z _ plane and _ y-z_ plane radiation pattern for proposed antenna at (a) 4 GHz; (b) 8
GHz; and (c) 11 GHz.[33]

• Coaxial/Probe feed technique:
A wideband U-shaped parasitic patch antenna has been proposed in [34]. In order to achieve wider
bandwidth with comparatively small size two parasitic elements have been introduced. For wide band
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impedance matching coupling between the main patch and parasitic patches have been realized by
either vertical or horizontal gaps. The proposed antenna is designed and fabricated on a small size
ground plane (25 mm 30 mm) for application of compact transceivers. The fabricated antenna on a
FR4 substrate shows an impedance bandwidth of 27.3% (1.5 GHz) at 5.5 GHz center frequency.
Comparing with conventional patch antennas slightly higher gains of 6.4dB and 5.2 dB at each
resonant frequency have been obtained.

Figure 12: Proposed antenna design [34]

Figure 13: Return loss for the proposed antenna [34]

• Proximity coupled feeding technique:
A single-layer microstrip antenna for ultrawideband (UWB) applications has been presented [35],
which is one of the examples for proximity coupled fed microstrip antenna in which an array of
rectangular microstrip patches was arranged in the log-periodic way and proximity-coupled to the
microstrip feeding line. A large scale factor of 1.1 was first reported and proved highly effective n
order to reduce the number of microstrip patches in the UWB log-periodic arrays, a large-scale factor
k=1.1 was firstly reported and proved to be highly effective. Detailed parameters study was also
presented for better understanding of the proposed antennas. The impedance bandwidth (measured
VSWR< 2.5) of an example antenna with only 11 elements is from 2.26–6.85 GHz with a ratio of
about 3.03:1. Both numerical and experimental results show that the proposed antenna has stable
directional radiation patterns, very low- profile and low fabrication cost, which are suitable for
various broadband applications.
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Figure 14: Structure of the proposed antenna [35]
Table III: Detailed Parameters For Proposed Antenna [35]

Figure 15: Return loss for the proposed antenna [35]

• Aperture coupled feeding technique:
An aperture coupled microstrip patch antenna has been investigated with a rectangular patch on top
of two slots on the ground plane [36]. There is a feedline of having impedance of 50 which is divided
into two 100 feed line under the ground plane by microstrip power divider. The parametric study
show that the antenna impedance BW (VSWR<2) has been increased to 7.9 GHz and the gain of the
proposed structure is above 7db for 5.5-8.8 GHz. Figure 16 shows the proposed antenna structure.

Figure16: Proposed Antenna Design [36]
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Figure 17: VSWR graph [36]

Figure18: Radiation pattern of the antenna at (a) 6 GHz, (b) 8 GHz, (c) 10GHz, (d) 12 GHz [36]

IV.

CONCLUSION

This paper presented different techniques for designing UWB microstrip antenna employing different
feeding techniques and compact structures in order to improve antenna characteristics for the
specified bandwidth. Different antennas that have been discussed show the return loss that is less than
–10 dB and VSWR<2. Feeding mechanisms are different for different antennas that affect the results
too. The feeding technique should be chosen according to the results required. Comparison of
different feeding techniques has been tabulated as follows.
Table IV: Comparison of different feeding techniques
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For the short-range high data rate low power communication systems such as laptops and personal
digital assistants UWB antenna research is of common interest. Future developments of UWB
antennas are expected to have challenge on the modeling, simulation and design, which have a
complicated nature due to the wide bandwidth and highly frequency dependent parameters.
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