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DESIGN OF A DIRECTIVE AND MATCHED ANTENNA WITH A
PLANAR EBG STRUCTURE

H. BOUTAYEB', K. MAHDJOUBI? and A.C. TAROT?

'INRS Telecommunications, Montreal — Canada
’[ETR, University of Rennes 1, Rennes — France

Halim.Boutayeb@univ-rennes1.fr

Abstract — The purpose of this presentation is to propose a method to
design a directive and matched antenna with a planar Electromagnetic Band
Gap (EBG) structure. The EBG structure of our example consist on metallic
wires. This study use the FDTD method and analytical formulas.

I — Introduction

Several recent works concern periodic structures associated with
microwave antennas to enhance there directivity [1][2][3][4]. However, to
our knowledge, the impedance aspect is not enough studied. The objective
of this presentation is to propose a method to match an antenna put inside a
planar EBG structure. Before inserting a real antenna inside the EBG
structure, we present a study of the angular filtering characteristics of the
EBG structure and the input impedance with an excitation by a line source.

IT — Plane waves and infinite long metallic wires : angular filtering

We first interest on the angular filtering aspect due to the EBG structure
composed of two layers of metallic wires on each side of the excitation
(Figure 1). Let us call T,+, the transmission coefficient obtained with an
excitation by plane waves (Figure 1). T,+, is function of the frequency ‘f’
and the angular incidence ‘0’. We obtain this coefficient (Tzx,) using (r, t),
the complex reflection and transmission coefficients of one surface of
metallic wires. To simplify the study we don’t consider the angular
dependency of (r, t). (1, t) are calculated by the FDTD method.
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Figure 1 —Transmission coefficient of the ~ Figure 2 — |Tyx| versus frequency at normal
structure excited by plane waves. incidence (6=0°).

The coefficient T,+y(kD’) can be written in a simple closed form [4][5] :
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to(kD')exp(~ jkD'/2)

Ty (kD') =
1 -1, (kD")exp(~ jkD')

with

3 tk) exp(- jkD) o = il 1 t(k)* exp(~ jk2D')
L) 1-1(k)? exp(— jk2D") D)=y ! 1—r(k)? exp(~ jk2D')

k is the free space wave number and D’=Dcos(0).

Figure 2 gives the transmission coefficient |T,+;| versus the frequency at the
normal incidence (6=0°). In this figure, is also represented the Gap Bands
and the Pass Bands. We call f; the frequency corresponding to the first
resonance. Figure 3 gives |T,#| versus the incidence angle at the different
frequencies represented in Figure 2. These curves can be assimilated as
radiation patterns. Until the first resonance fy, the patterns have only one
lobe at the normal, which is an objective for a directive antenna. At a
frequency higher than fj the patterns have multiple lobes one each sides of
the normal. Figure 3 gives a cartography form of |T,+,| versus ‘f* and ‘0°.
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Figure 3 — |T,+,(0)| at the different frequencies represented in Figure 2.
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Figure-4 —| T,x;| versus incidence angle and frequency.

More details on the study of angular filtering and directivity of the structure
can be found in ref. [5], and will be presented during the presentation.



III — Line source and infinite long metallic wires : input impedance

In this paragraph, we consider infinite long metallic wires and an infinite
long line source as the excitation (Figure 5a). In Figure 5b, we give the
input impedance Z; for the source with and without the EBG structure. The
input impedance is calculated by the FDTD method.

In the first Gap Band, the EBG structure gives a low real part which make
difficult the matching of an antenna in this band. The matching is possible
for frequencies higher than f;.

In the first Pass Band, the EBG structure add an imaginary part in the input
impedance : as a result, the real source must be capacitive in this zone if we
want to obtain a matched antenna.
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Figure 5 — (a) 2 layers of metallic wires on each side of an infinite line source (b) Input
impedances Z; for the source with and without the EBG (FDTD).

IV — Monopole and finite long metallic wires

Let us now consider finite long metallic wires and a monopole as the
exciting source (Figure 6). The frequency resonance of the monopole is
called fy;. The matching curves for the monopole alone and for the complete
structure is given for a monopole resonating before f; (Figure 7a) and for a
monopole resonating after fy (Figure 7b). We know from paragraph II that if
we want to obtain a directive antenna at the normal we should not go far
away from f;. The matching of the complete structure is obtained in the
second case only : the matched band (6.7% for S;;<-10dB) (Figure 7b) is
between fy and f), which correspond to the intersection between the
possible matching zone and the capacitive zone of the monopole (f<fy).
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Figure 6 — Monopole inside the finite EBG structure



Figure 8 shows the radiation pattern of the structure in the H-plane (Figure
6) in the matched band (Figure 7b).
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Figure 7 — Matching (a) Monopole resonating before f, (b) Monopole resonating after f
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Figure 8 — Radiation patterns in the H-plane, in the matched band (Figure 7b)(FDTD).

V — Conclusion

We have presented a method to design a directive and matched antenna
using a monopole as the exciting source. The method consist on using a
monopole which resonates at a frequency slightly higher than the first
resonance of the transmission coefficient of the structure (which is
calculated analytically).

In a future paper we will interest on structures composed of a patch
antenna as the exciting source.
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