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Abstract

This paper introduces a novel approach to
create notch band within ultra-wideband (UWB)
communication systems based on a modified
mushroom electromagnetic band gap (EBG)
structures. The concept presented here can be
implemented in any structure that has a microstrip in
its configuration. The modified edge-located vias
EBG structure is characterized and analyzed using
CST Microwave Studio full wave electromagnetic
solver and then optimized to work at WiMAX band
(3.3 — 3.7 GHz). A double layer Antipodal Vivaldi
Antenna is used to demonstrate the applicability and
effectiveness of the novel EBG notch band feature.
Simulation results achieved a band notch at 3.18
GHz — 3.80 GHz within the 2.78 GHz to more than 12
GHz operating band of the antipodal Vivaldi antenna
which demonstrated the effectiveness of the proposed
structure.

Keywords — Antipodal Vivaldi Antenna, Dielectric
Substrate, Reflection Coefficient, Ultra wideband

I. INTRODUCTION

The increase popularity of  wireless
communication systems and devices coupled with the
enormous advances in antenna design over the past
decades has continued to open new frontiers in the
electromagnetic field which results in the demand of
more advanced or special type of electromagnetic
materials for high-performance applications. Thus
there is growing interest in studying electromagnetic
bandgap (EBG) structures for applications at
microwave frequencies.

To enhance the functionality of antennas, therefore,
new EBG designs have been primarily used [1].
Other applications, such as filters and baluns have
also been explored [2]. Additionally, the EBG
structures also possesses features that can be used to
reduce or suppress electromagnetic interferences
(EMI) that occur in electronic systems leading to
electromagnetic compatibility (EMC) issues [3]. The
EBG structures suppress the propagation of surface
waves over specific frequency bands that directly
depend on the dimensions and types of materials used

to fabricate the EBGs. A number of studies have
equally shown that electromagnetic band gap (EBG)
structure can be used to improve the gain of the
antenna, eliminate mutual coupling due to surface
wave generation as well as block or allow certain
band of frequencies to pass through it.

The Federal Communications Commission
(FCC) has specified 3.1 — 10.6 GHz UWB frequency
spectrum for commercial use [4]. Unlike other
existing wireless communication standards, which
are narrowband, UWB has a very wide bandwidth of
7.5 GHz. However, the UWB emission power is
limited to a maximum of —41.3 dBm/MHz, therefore
it can co-exist with other narrow band services that
occupy the same spectrum. These wireless
technologies including IEEE 802.16 WiMAX
standard at 3.5 GHz and the IEEE 802.11a WLAN
standard at 55 GHz can cause possible
electromagnetic interference to the UWB applications
[5]. The need thus arise for extra circuitry in the
UWB antenna covering the whole range of the UWB
frequency band to filter out the band of frequencies
that might cause the potential interference to the
UWB system operation. Perturbation techniques have
mostly being used to filter out these frequencies from
the UWB spectrum. However, these techniques
mostly degrade the radiation pattern and efficiency of
the UWB antenna. Other techniques such as using
capacitive loaded loop (CLL) resonator [6] and
loading resonant parallel strip (RPS) [7] have also
being used which generally impacts the design
complexity of the antenna.

This paper propose a simple but effective and
efficient design of a modified EBG structure for
isolating these interfering narrow band frequencies
within the UWB spectrum without negatively
affecting other radiation characteristic parameters of
the antenna. The EBG structure would be designed
and characterized to operate at the intended notched
frequencies using the method of suspended
transmission line technique before been integrated in
to a double layer AVA to demonstrate its notch band
capability.
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Il. THE EBG STRUCTURE

The discovery of today’s metamaterial started as
far back as the nineteenth century with the
experiment on twisted media or artificial chiral
element (Verma, 2012) later extended to lightweight
microwave lenses which resulted in tailoring the
effective refractive index of the artificial media.
Research on artificial complex material continued
ever since, and after the theoretical investigation by
Veselago in 1967 [2, 7] the effort was strengthened
with the development of the theory of metamaterial
by E. Yablonovitch and S. John [8] with the study of
the electromagnetic properties of 3D periodic
structures referred to as “Yablonovite” in 1987 which
was further investigated by Bowden et al. in the early
1990s.

The initial discovery was realized by mechanically
drilling holes into a block of dielectric materials and
was found to prevent the propagation of microwave
radiation in any 3D spatial direction within the band
gap [9]. The concept follows the idea of photonic
band gaps (PBG), from optics in solid state physics
and optical domain, where photonic crystals with
forbidden band-gap for light emission were proposed.
However, in order to distinguish these artificially
engineered materials of the optical domain from the
microwave domain, the term electromagnetic band
gap (EBG) was used for the microwave domain [9].
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Fig 1: Metamaterial Classification

Metamaterials are classified based on the
properties of a material’s response to electromagnetic
field. These properties are described by defining the
macroscopic  parameters,  permittivity ¢ and
permeability, u, of the materials [10]. A medium with
both permittivity and permeability greater than zero
(er > 0, u; > 0) will be designated as double positive
(DPS) medium. These include most naturally
occurring media (normal dielectrics). A medium such
as the Gyrotropic magnetic materials with relative

permittivity greater than zero and relative
permeability less than zero (¢, > 0, u, < Q) are
designated as mu-negative (MNG) medium. On the
other hand a medium with the relative permittivity
and relative permeability less than zero (¢, < 0, x4 <0)
is designated as double negative (DNG) medium.
Materials belonging to this class are not found in
nature but are physically realizable [11, 12].

The electromagnetic band gap (EBG) is a broad
term used to describe materials with ENG property.
EBG Metamaterial Classification structures are
normally realized by periodic arrangement of
dielectric materials and metallic conductors. The
EBGs being periodic structures, when they interact
with electromagnetic (EM) wave, produces radically
distinctive properties at different frequencies [13].
Characteristics such as passing certain frequency
bands, rejecting some frequency bands, and behaving
like a magnetic conductor in yet another band of
frequencies known as the band gap, could be
observed [14]. These structures are generally defined
as artificial periodic (or sometimes non-periodic)
objects that prevent/assist the propagation of
electromagnetic waves in a specified band of
frequency for all incident angles and all polarization
states [15].

111.NOTCH BAND IMPLEMENTATION

The band gap property is used here to create the
frequency band notch of the EBG structure.
Therefore, for obtaining the band notches at 3.5 GHz
WIMAX band an edge-located vias modified EBG
structure is designed and characterize using the full
wave frequency solver computer simulation
technology (CST) microwave studio. The method of
suspended transmission line (MoSTL) is used to
analyze the resonant behavior of the EBG cell, where
the EBG cell is are positioned under the transmission
line in between the two substrates layers as shown in
Figure 2.

From the simulation result of the edge-located vias
mushroom EBG structure shown in Figure 3, it can
be observed that for the same patch size (7.0 x 7.0
mm?), the edge-located vias mushroom EBG has a
lower resonance frequency (2.98 GHz) compared to
the normal center-located vias mushroom EBG (3.5
GHz). This indicated that the size of the conventional
mushroom EBG structure has being miniaturized by
moving the vias location to a lateral position without
having to change the physical dimension of the
structure. Thus moving the vias location to the edge
of the EBG structure reduces the size of the structure
by 15 %.
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Fig 2: Characterization of the EBG Structure

0
5
_. 10
2 15
2 9p
25 I
30 E: % —— Comentional Mushmom EBG
z! | -~ Edge-Located Vias EBG
35 o, e . .
2 3 4 5 [ T
F requency (GHz)

Fig 3: Forward Transmission Coefficient (S,;) of
Conventional Mushroom EBG and Edge-Located
Vias EBG Structures at 7 mm x 7 mm Patch Size

In this configuration the EBG behaves like a stop
band filter for the electromagnetic wave propagating
in the parallel plate waveguide. The centre of the stop
band frequency and the bandwidth are determined by
the following equations;

T )
27~ LC
o —3ﬁ @
n VC
Where
L=upu,h (3)

(. +1) Low + g7
C =Wg, ———cosh E— (4)
. N
C is the capacitance between the top conducting
pad and the metal structure above and the capacitance
between the pad and the bottom metal plane while L
is the inductance of the via connecting the bottom
metal plane to the pad. C is determined by the size of
the pad, the distance from the top and bottom planes
and the dielectric material between the two planes. L
is mostly influenced by the size of the connecting via
(length, diameter) but also by its position with respect
to the centre of the patch. To maintain the resonance
frequency of the edge-located vias EBG structure at
3.5GHz a parametric sweep of EBG patch size, Vias
radius and the distance between the EBG patch and
the feed line was conducted as shown in Figure 4.
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Fig 4: Effect of variation of (a) patch width E,, (b) vias
radius V, and (c) distance between EBG patch and feed
line g4, against frequency.

Figure 3(a), shows that increasing the patch width
E., increases the capacitance C; which result in
lowering the resonant frequency from equation (9).
On the other hand, from Figure 2(b), it is observed
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that an increase in the vias radius V,, reduces the
inductance and hence an increase in resonant
frequency from equation (9). Likewise from Figure
2(c), a decrease in resonant frequency is observed
when the gap between the transmission line and the
EBG patch g; is decreased.

IV. CONCLUSION

Due to the rapid advancement in antenna
technology and newer requirements imposed on
wireless communication systems design an essential
requirement for antennas of greater data rates is
compactness and wideband performance. The
increased importance of wireless communication
applications and increase explosion of personal
communication have combined to push the demand
for compact electromagnetic structures even higher.
Thus in this paper a compact modified
electromagnetic band gap structure based on the
mushroom EBG element coupled to a microstrip line
has been investigated theoretically exploiting its band
gap feature to realized a notch band centered at 3.5
GHz suitable for WiMAX applications. A design
methodology for the structure can be proposed and
implemented, using planar ultra-wideband antennas
to demonstrate the ability of the structure to govern
the notch band.
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