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Omnidirectional compact antenna design for
Ultra-wideband Communication System
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Abstract

Ultra-wideband (UWB) technology has
experienced a blooming growth in the past few
years. The basic idea of this promising
technology is to directly transmit and receive
trains of extremely short baseband pulses that
spread over bandwidth of several GHz. It
features high-speed data rates, excellent
immunity to multipath interference, low power
consumption and reduced hardware complexity.
It can coexist with other radio systems without
causing harmful interference and gives the
possibility to ease the crowded frequency

spectrum in modern days. Generally speaking, it
is quite challenging to design an antenna to
simultaneously fulfill all the requirements in an
UWB system, including ultra-wide bandwidth,
omnidirectional patterns, constant gain and
group delay over the entire band, high radiation
efficiency and low profile. In this project, a
novel ultra-wideband antenna topology is
proposed and investigated. This new antenna
successfully combines the ultra-wideband
characteristics of the tapered slot antennas with
the unique features of the printed dipole
antennas, i.e. the omnidirectional patterns. The
parameter study is performed, and the antenna
performance is analyzed in both frequency as
well as time domains. In addition, the proposed
antenna will be suitable for other indoor wireless
communication systems as well as wideband
applications.
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communication, wideband antenna, omni-
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I. Introduction

Ultra-wideband (UWB) technology has
become the most promising solution for future
short-range high-speed indoor data
communication applications. Differing from
conventional ~ narrowband communication

systems, the UWB radio directly transmits and
receives trains of extremely short baseband
pulses and requires bandwidth of several GHz.
[1] The antenna implemented in an UWB system
plays a more unique role than it does in other
systems. In such a system, the antenna behaves
like a bandpass filter and reshapes the spectra of
the pulses. It hence should be designed with care
to avoid undesired distortions. [2] Various



literatures have been devoted to discussing the
antennas for UWB systems [3]-[6], which
include planar elliptical dipole antennas,
magnetic slot antennas, disc monopole antennas
and tapered slot antennas. The tapered slot
antennas, belonging to traveling wave antennas
with planar structures, exhibit wideband
characteristics, and are capable of transmitting
baseband pulses with low  distortions.
Nevertheless, their inherently directional
patterns may impose constraints when applying
to UWB systems. On the other hand, the printed
dipole antennas are known to have
omnidirectional H-plane patterns and are with
moderate bandwidth. In this project, a novel
antenna topology that successfully combines the
advantages of the printed dipole antennas and
tapered slot antennas is demonstrated [6][7].
This new design is in essence a printed dipole
antenna  with  tapered slot feed, and
simultaneously exhibits ultra-wide bandwidth
and satisfactory radiation patterns. In this project,
the parameter study is carried out, and the
antenna performance in both frequency and time
domains are carefully investigated.

I1. Antenna Configuration and Performance

Figure 1 illustrates the geometry of the proposed
antenna with the associated parameters. The
antenna lies in the xz-plane with its normal
direction being parallel to the y-axis. The energy
is first transferred from the microstrip line to the
slotline by a wideband transition. A pair of
curved strips is then attached to the slotline and
forms a tapered-slot feeding structure. This
feeding structure acts as a wideband impedance
transformer and guides the wave propagating
from the slotline to the space without causing
pernicious reflection. Unlike the conventional
dual exponentially tapered slot antenna, in this
design the outer part of the strips is curved
backward to deliver part of the energy to the
opposite side of the feeding aperture. An
additional parasitic element is then added in
front of the feeding aperture. This parasitic
element alters the current distribution of the
radiators and therefore has influences on both
the antenna input impedance and radiation
patterns. The proposed antenna was designed on
a Rogers RT/Duroid 5880 substrate with h =
1.57 mm and ¢, = 2.2. The design parameters are
summarized in the caption of Fig. 1. The
dimension of this antenna is 71 by 86 mm®.
Figure 2 illustrates the measured return loss of
the antenna. Referring to the figure, the
operating bandwidth with |S;;| < -9.5 dB (or
VSWR < 2) covers almost the whole UWB
spectrum from 3.1 to 10.6 GHz. The radiation
patterns were then measured, and the typical

measurement results at 3, 5, 7 and 9 GHz in both
E- (xz-) and H- (xy-) planes are illustrated in
Figs. 3 (a) and (b), respectively. The antenna
gain, which is depicted in Fig. 2, is 1.5 dBi at 3
GHz, and rises to as high as 6 dBi at 9 GHz.

In addition to the radiation patterns measured
at specific frequencies, we define the uniformity
to quantitatively describe the performance of the
radiation patterns over the entire band as

Uniformity(f) = P( | Sy _sur (@max > Pmax) |

(dB)
=1821,40r (6, 9) |(dB) <6dB )(/), 1)
where [S, . (0,4)| is the measured radiation

pattern of the AUT at a specific plane cut and
frequency, and (€ .4, ) is the direction
where maximum radiation occurs. The
uniformity of the proposed antenna in £- and
H-planes are evaluated using (1) and illustrated
in Fig. 4.
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Fig. 1 Geometry of the antenna. (a) Top
layer (b) bottom layer and (c) cross-sectional
view. The design parameters are with L, = 25mm,
Wy, = 15mm, W= W,= 4mm, L,= 38.5mm, D,=
12mm, Wy, = 0.3mm, Dy, = 4mm, Wy, =
4.95mm, Ry, = 8mm, Oy, = 100°, W,= 22mm,
Ly = 12mm and L, = 7mm.
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Fig. 2 Measured return loss and gain of the
proposed antenna.
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Fig. 3 Measured radiation patterns of the
proposed antenna (a) E-plane and (b) H-plane.
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Fig. 4 Uniformity of the proposed antenna.

II1. System Transfer Functions and Transient
Response

In designing UWB antennas, it is insufficient
to evaluate the antenna performance solely in
traditional well-defined parameters like return
loss, radiation patterns and gain, etc. Instead, as
indicated in [2], it is crucial to evaluate the
system transfer functions as the transmitting and
receiving antennas are viewed as a whole system.
For UWB applications, the magnitude of this
system transfer function should be as flat as
possible in the operating band, and. the group
delay is required to be constant over the entire
band as well. A transmitting-receiving system
whose transfer functions satisfy  these
requirements will introduce limited distortions to
the baseband signals. In this project, the standard
antenna pattern measurement technique is
improved to evaluate the system transfer
functions. The magnitudes of the measured
system transfer functions at ¢ = 0°, 90°, 180°,

270° and @ =90° are illustrated in Fig. 5 (a),
and the corresponding group delays are depicted
in Fig. 5 (b).

To illustrate how the pulses are distorted by
such a transmitting-receiving system, in this
project a simulated baseband pulse whose
spectrum completely complies with the FCC
indoor emission mask is adopted to evaluate the
transient waveforms. The excited pulse at the
transmitting antenna terminal is assumed to be
the fifth derivative of a Gaussian function,

d5
si(t)zﬁgo(t) ()

where g, ()= A e 2T’ . To evaluate the
0

required transient responses, the spectrum of the
simulated pulse is multiplied by the measured
system transfer functions and an inverse Fourier
transform is performed. The transient waveform
at the receiving antenna terminal can be
therefore achieved by

5,(1.0.9) = 3 {S,(/)- 20 s (/.0.9) TINH B
where S, L (f.0.4) 18
system transfer function and [[(f) is an
ideal bandpass filter from 1 to 15GHz. Figures 6
then illustrate the received waveforms evaluated
using (3). Referring to the figure, it can be
observed that the proposed antenna is capable of
transmitting and receiving clean pulses, and is
suitable for various UWB applications.

the measured

IV. Design Guideline

After performing a series of parameter study
of the proposed antenna, the following design
guideline is concluded.

1) In designing the antenna, the lowest



operating frequency f; of the proposed

antenna is first estimated by
c

(N o N ) )
where [ _ 7 (L, + W)+ (W, + W,)")/2) 18
the approximated longest current path, ¢ is
the speed of light and e =(g, +1)/2 is

the effective dielectric constant.
2) The dimension of the wideband microstrip
line-to-slotline transition is then designed to

maximize the antenna impedance bandwidth.

The highest operating frequency f, of the
antenna is related to that of the wideband
transition.

3) The distance from the parasitic element to
the feeding aperture L, is adjusted to
improve the antenna in-band impedance
matching. The length of the parasitic
element, which has minor effects on the
antenna performance [7], is equal to L,/2.
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Fig.5 (a) Magnitudes of the measured system
transfer functions and (b) group delays of the
proposed antenna at ¢ = 0°, 90°, 180°, 270° and 0
=90°.

V. Conclusions

In this project, a novel ultra-wideband printed
dipole antenna with tapered slot feed has been
proposed and demonstrated. The performance of
this new antenna is experimentally investigated
with the help of the well-defined antenna
parameters as well as the transfer functions of a

transmitting-receiving system. The evaluated
transient waveforms reveal that this novel
antenna is capable of transmitting and receiving
clean pulses, and hence suitable for UWB
applications.
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Fig. 6 Transient waveforms evaluated at the
receiving antenna terminal at ¢ = 0°, 90°, 180°,
270° and 6 = 90°.
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