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Figure 78.  Radiation patterns of the three prototypes (azimuthal cut) at 1.575
GHz. a) Reference antenna on conventional ground plane; b) two
rings of radial EBG cells in 8 sectors; c) one ring of radial EBG cells
in 16 sectors.
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7.2.5 Conclusions

In this paper a novel radial layout of EBG mushroom-like cells has been introduced
and compared with conventional Cartesian arrangements. The EBG cells have been
reshaped in order to match the rotational symmetry of the novel layout. However, the
overall areas of each EBG cell and the distance between adjacent patches have been

kept constant.

The radial layout allows more design flexibility as the distance between the patch
antenna and the first ring of EBG cells can be arbitrarily fixed. When radial EBG
cells are inserted a significant gain enhancement is achieved compared to the stand-
alone configuration. At 1.575 GHz in the boresight direction, the peak gain improves
by 1.5 dBi with one ring of radial EBG in 16 sectors and by 0.5 dBi with two rings in
8 sectors, respectively. Moreover, the two radial configurations investigated present

the best axial-ratio performance over the largest angle across the boresight direction.
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8 Conclusions and future work

The demand for highly efficient broadband antennas with particular requirements for
size compactness, gain stability, phase-linearity and the use of low-cost materials has
been the most important motivation of this thesis. These requirements are
particularly challenging for UWB antennas which operate in the FCC allocated
frequency range 3.1 - 10.6 GHz. Over this large bandwidth these characteristics
follow different tendencies and the control of the design becomes more difficult.
Monopole antenna geometries are excellent solutions whenever an omnidirectional
radiation pattern is appropriate. Their unbalanced input connection facilitates simple
feed systems as they do not require balanced-to-unbalanced (balun) transitions which
can be band-limiting. Moreover, due to their simple operating principle, monopole
antennas can be easily modified with several bandwidth enhancement techniques. In
the previous chapters several UWB monopole solutions were presented where
different elements of the antenna have been manipulated in order to increase its
functionality in respect of cost limitations. Offset feed points were used to excite
more efficient radiating modes and stretch the impedance matching bandwidth of the
structure. Combined with this, an asymmetrically bevelled bottom edge for a planar
monopole strongly contributes to improve the impedance matching of the antenna
over a larger frequency range. In particular, the bevel was shown to increase the
upper edge of the operating bandwidth of the antenna. Of course, any asymmetry in

the antenna geometry results in the generation of cross-polar field components.

8-174




.

However, since the UWB antenna solutions herein discussed are designed for
portable applications, cross-polarisation purity is not an issue. On the other hand,
asymmetric feed systems can lead to the presence of deep nulls in the far-field
pattern of the antenna with a consequent “shadow” angle. Folding and properly
shorting planar monopoles was demonstrated to reduce the effects of asymmetries on
the far-field pattern of the antenna. These manipulations were introduced in the first
place in order to reduce the overall dimensions of the structure. But shaping the
planar monopole antenna as a cavity was also proven to be a successful technique to
mitigate the appearance of deep nulls in the far-field pattern. This working principle
was also used in the design of the wideband reconfigurable rolled planar monopole
antenna in chapter three. The rearrangement of the inner spirals of this planar
monopole has a limited consequence on the far-field pattern of the antenna as it is

screened by the most external spiral.

In order to achieve miniaturisation of the antenna structure, alternative current paths
can be created along the edges of the planar monopole. As it was shown in chapter
four, this solution can be simply integrated together with other bandwidth

enhancement techniques.

The requirement for pulse-based UWB communication antennas which exhibit
linear-phase led to the investigation of the frequency- and time-domain performance
of tapered feedlines for non-planar and planar monopoles. By configuring an
optimised taper between an antenna’s feed-point and radiating structure, the
phase-distortion can be significantly reduced without degrading the radiation
characteristics. This principle has been proven to be successful for both two- and

three-dimensional monopole antennas.
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The same design guidelines for low-cost and high-performance technology were
followed for the GPS antennas presented in chapters six and seven. Printed circularly
polarised antennas were integrated with different EBG structures in order to achieve
higher gain and broader axial-ratio bandwidth. Fractal EBG solutions were proven to
be a very important design technique that leads to miniaturised structures and broad-
or multi-band functionality. As EBG periodic structures surrounding printed
antennas reproduce a spatially distributed network of inductive and capacitive
conditions, surface waves travelling on the dielectric slab can be more efficiently
stopped with a large number of EBG cells arranged in different rows. However, the
remit of compact solutions led to compromises in size/performance that weighted the
benefits in terms of gain and axial-ratio for each design together with the size

increase due to each EBG cell period added.

An alternative layout for EBG mushroom-like cells was finally proposed in chapter
seven. Arranging the EBG cells radially around circularly-polarised printed antennas
provides several advantages. In order to match the rotationally symmetric geometry
of the structure, the patch of each cell was reshaped accordingly to its distance from
the centre of the reference. Compared to conventional Cartesian layouts, the radial
arrangement was demonstrated to allow more freedom in the antenna design since
the distance between the edge of the radiating element and the first row of EBG cells
is no longer a function of the period of the EBG structure and can be arbitrarily
chosen. This geometric parameter plays a very important role in the design as it is

very critical for impedance matching and gain performance.

Radial EBG layouts can also lead to CP antennas with a broader axial-ratio

beamwidth and enable footprint reduction when compared to Cartesian cell
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arrangements. In particular these two characteristics are especially significant for

GPS applications where a stable CP performance and portability are important assets.

8.1 Summary of contributions

The main contributions of this dissertation are the following;:

o Existing bandwidth enhancement techniques in literature for broadband
monopole antennas have been evaluated and combined. The effects of their

combination have been parametrically studied.

e Folded and properly shorted planar monopole antennas have been proposed.
More compact structures have been designed based on these principles and
integration with other bandwidth enhancement techniques (i.e. offset

feedpoint and asymmetric bevel) has been proven to be functional.

e Not only was size reduction achieved (height of the monopole reduced by
more than 50%) but also more stable radiation properties are achieved when
planar monopoles are folded and shorted. Shaping the antenna as a cavity
yields to a shielding effect that separates the consequences of asymmetric
feed-points from the far-field behaviour. Moreover, this approach affords
significant stability to the antenna performance for different locations on the
groundplane and for various shapes and dimensions that are typical of

groundplane layouts.

e By seeking a more compact solution for the rolled vertical monopole antenna,

a wideband reconfigurable horizontal rolled planar monopole antenna was

designed. The mechanical rearrangement of the internal spirals of the antenna
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enables tunability of the impedance matching across a large frequency range
with minor effects on the far-field region, which is shielded by the most

external spiral.

An analysis of the time-domain performance of planar and non-planar UWB
monopole antennas has been accomplished for different tapering techniques
applied to the feedlines. The study has demonstrated a dramatic reduction of
the maximum group delay variation in both the planar and non-planar case

when suitable tapered feedlines were introduced.

EBG structures have been applied to printed CP antennas for improved
impedance matching, gain and axial-ratio performance. EBG cells have been
shaped accordingly to the Minkowski fractal generator in order to achieve

miniaturisation and broad- or multi-band behaviour.

A novel layout for EBG mushroom-like cells has been proposed for printed
CP antennas working in the L1 GPS band. The cells have been shaped
accordingly to the rotational symmetry of the structure. This technique has
enabled a more arbitrary design and a more stable axial-ratio performance.
Moreover, in comparison with conventional Cartesian layouts, radial cell

arrangements allow reduction of the antenna footprint.

8.2 Future work

During the development and test phase of this dissertation some research topics

which are worth further investigation have been identified. They are summarised

below:
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The antenna solutions proposed in this thesis for UWB applications present
omnidirectional  patterns. However, some performance enhancement
techniques can be also applied to directive antennas. For instance, the benefits
of tapered feedlines can be extended to dipole antennas even though the feed
system is more complex due to the balun transition. At the same time, a more
gradual transition between feedlines and the radiating parts of dipolar
antennas can be thoroughly investigated in order to minimise sources of

phase non-linearity.

In the framework of biomedical imaging techniques, arrays of UWB antennas
are able to deliver promising high-resolution systems [103]. For these
applications, generally UWB antennas are immerged into a matching medium
[104]. This medium provides a more gradual transition into human tissues
with a consequently improved power transfer. The performance of the novel
wideband semi-planar miniaturized antenna presented in chapter three can be
further investigated in presence of matching medium and human tissues.
Since the antenna presents a fair independence from the ground plane size
and its location on it, advantageous features of this structure might be found

when located in the proximity of the human body.

In [105] a novel UWB leaky lens antenna was proposed. The operating
principle is based on two converging leaky radiations generated by uniform
printed slots. Radiation is excited through a stripline that runs across the two
transversal slots. Interesting directivity properties and phase response were
achieved. Tapered striplines might be successfully employed also in this

framework to further improve the time-domain properties of UWB leaky
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antennas. In fact, a more gradual transition between feed-point and apertures

would reduce non-linearity.

o Radial layouts for EBG cells introduce numerous advantages compared to
Cartesian arrangements when they are used to embed CP printed antennas.
More complex shapes of the cell patch can be studied in order to achieve
miniaturisation. Fractal geometries based on a rotationally symmetric
reference can be used in order to achieve broad- or multi-band behaviour as

seen for the conventional Cartesian layout.
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