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Planar Differential Elliptical UWB Antenna
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Abstract—A recently proposed optimization procedure, based
on the time domain characteristics of an antenna, is exploited to
design a planar differential elliptical antenna for ultrawideband
(UWB) applications. The optimization procedure aims at finding
an antenna not only with low VSWR but also one exhibiting low-
dispersion characteristics over the relevant frequency band. Fur-
thermore, since in pulse communications systems the input signal
is often of a given form, suited to a particular purpose, the opti-
mization procedure also aims at finding the best antenna for the
given input signal form. Specifically, the optimized antenna is de-
signed for high temporal correlation between its electric field inten-
sity signal and the given input signal. The optimization technique
followed in this work makes use of genetic algorithm (GA) search
concepts. The electromagnetic analysis of the antenna is done by
means of a finite-difference time-domain method using the com-
mercially available CST Microwave Studio software.

Index Terms—Correlation (fidelity), genetic algorithms (GAs),
indoor communication, planar antennas (differential elliptical
antennas), time-domain analysis, ultrawideband (UWB) antennas,
ultrawideband (UWB) communication.

I. INTRODUCTION

ELLIPTICAL antennas are antennas with ellipse-shaped ra-
diating elements. Elliptical antennas, which are known to

operate effectively over a wide frequency band, are natural can-
didates for ultrawideband (UWB) applications. In several of the
antennas that were designed, a ground plane was utilized and
the ellipse-shaped radiating element protruded perpendicularly
from the ground plane ([1]–[3]). Such antennas were not de-
signed specifically for compact UWB communication devices
and hence the fact these antennas were not low-profile was not
really essential. Recently designs of a few low-profile single-
ended elliptical antennas have been suggested [4], [5]. Several
other low-profile single-ended elliptical antennas as well as a
novel low-profile differential elliptical antenna can be found in
[6]. Differential antennas are often preferable over single-ended
ones since they can be easily integrated with modern low-cost
RFICs that inherently have a differential structure. In this case,
the connection of the antenna to the RFIC is direct, and the un-
desired noise-figure degradation due to the balun, which is re-
quired in the case of a single-ended antenna, is avoided.

In this paper, we apply the recently proposed optimization
procedure presented in [7] to optimize the planar differential el-
liptical antenna described in [6]. This antenna is a good choice
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Fig. 1. Sketch of the planar elliptical antenna shown along with the optimiza-
tion parameters.

for UWB applications since it has a wide impedance band-
width, it provides nearly omnidirectional coverage in azimuth,
and it is low-profile and compact. Moreover, from the opti-
mization procedure efficacy point of view, this antenna can be
fully described by a relatively small number of parameters. The
optimization aims at maximizing the temporal correlation be-
tween the time-domain transmiting antenna input signal and the
electric field intensity signals seen by virtual probes situated at
suitably chosen locations in the transmitting antenna far-field
region, while minimizing worst in band. The correlation
factor was chosen, as it accounts for both the transfer function
and group delay variations, and describes the transient charac-
teristics of the antenna [8]–[10]. The electromagnetic analysis
of the antenna is done by means of a finite-difference time-do-
main (FDTD) method using the commercially available CST
Microwave Studio software.

The paper is organized as follows. The antenna design is de-
scribed in the next section. An analysis of the effects of man-
ufacturing tolerances of the antenna performance is carried out
in Section III. A study of the performances offered by the de-
signed antenna in real communication scenarios is carried out
in Section IV. Finally, Section V summarizes the paper.

II. ANTENNA DESIGN

The antenna sketch is shown in Fig. 1 The dimensions of the
antenna that can be varied and constitute the set of design pa-
rameters in the genetic algorithm (GA) optimization procedure
are also indicated in the figure. The antenna lies in the plane
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