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Technique for Reducing the Power Supply in
Reconfigurable Cylindrical Electromagnetic Band

Gap Structures
Halim Boutayeb and Tayeb A. Denidni

Abstract— In this letter, a new design of Cylindrical Electro-
magnetic Band Gap (CEBG) structures is proposed in order
to reduce the power supply used to control active elements in
EBG-based reconfigurable antennas. The proposed configuration
uses structures of discontinuous wires with defects consisting
of continuous wires. To examine its performances, numerical
simulations were carried out using a Finite Difference Time
Domain (FDTD) code, for the structure without active elements.
The obtained results show that the new configuration allows to
obtain a directive beam in the pass-band of the all continuous-
wires structure. This work has potential application for designing
an antenna with a directive pattern able to turn over 360

◦ range.

Index Terms— Periodic structures, cylindrical structures, re-
configurable materials

I. I NTRODUCTION

D IFFERENT methods have been proposed for designing
agile antennas. For instance, mechanical steerable-beam

systems have been proposed, but they are easily deteriorated
and their maintenance is too complex. Another solution to
modify the radiation pattern consists on using smart antennas,
such as adaptive antenna arrays [1] or phased arrays [2]. Howe-
ver, the cost of smart antennas is high, and these technologies
lead often to complex designs. As an alternative to conventio-
nal beam switching systems, reconfigurable Electromagnetic
Band Gap (EBG) materials [3, 4] can be used.
To obtain a directive pattern being able to turn over360◦ ran-
ge, Cylindrical EBG (CEBG) structures present an attractive
solution [5, 6]. The technique proposed in [5, 6] consists on
using a cylindrical EBG structure constituted of discontinuous
wires with active elements. The beam switching is obtained by
creating defects consisting of discontinuous wires in an initial
continuous-wire structure. The inconvenient of this design is
that it necessitates an important power supply DC current to
control the active elements.
To reduce the required power for controlling the active ele-
ments in reconfigurable CEBG-based antennas, this paper
proposes a new design. The proposed configuration is based on
a discontinuous-wire CEBG structure with defects consisting
of continuous wires. The transmission coefficients of structures
with all continuous or discontinues wires are used for the de-
sign. Then, Finite Difference Time Domain (FDTD) results for
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Gauchetiere ouest, Montréal, H5A 1K6, Canada, boutayeb@emt.inrs.ca.

the radiation patterns of the proposed configuration, without
active elements, are presented and discussed.

II. CYLINDRICAL EBG STRUCTURESCHARACTERIZATION

A Cylindrical EBG structure as shown in Fig. 1 is conside-
red. To calculate the transmission coefficient of this structure,
the characteristics of a single cylindrical Frequency Selective
Surface (FSS) are first calculated, and then a cascading ap-
proach is applied [6]. The transmission coefficient is calculated
by considering cylindrical incident and transmitted waves.
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Fig. 1. Cylindrical Electromagnetic Band Gap (CEBG) structure composed
of multiple layers of cylindrical FSSs with metallic wires.

Figure 2 presents the calculated magnitude of the transmission
coefficient for four layers of cylindrical shells with the two
cases: continuous wires and discontinuous wires. For the dis-
continuous wire case, the finite wires areLw = 18mm length,
and the vertical distance between two wires isw = 2mm. The
CEBG structures have the following parameters:Pr = 45mm

anda = 1.5mm. From Fig. 2, the two structures have the dual
behaviour in their pass-band and stop-band characteristics in
two bands (DC − 2.2GHz and2.6GHz − 3.2GHz).
In the next section, a new design for reconfigurable-pattern
antennas is presented. This design is based on a structure with
discontinuous and continuous wires. The operating band is
2.6GHz−3.2GHz, where the structure with all discontinuous
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wires presents a stop-band, whereas the structure with all
continuous wires presents a pass-band (see Fig. 2).

Fig. 2. Transmission coefficients for two structures with four layers of
cylindrical FSSs with discontinuous or continuous wires.

III. CEBG STRUCTURE USING DEFECTS WITH

CONTINUOUS WIRES

In this section, a new structure, which can be used for
designing antennas with a reconfigurable beam, is proposed
and tested with a FDTD code. The new configuration is
presented in Fig. 3, where defects are made by continuous
wires. The wire diameter (a), the radial period (Pr) and the
parameters of the discontinues wires (Lw andw) are the same
than previously. The structure is considered infinite in the
vertical direction. A current line source, placed in the center,
is used as an excitation.
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Fig. 3. CEBG structure composed of discontinuous wires using defects with
continuous wires. The structure is excited by a line source placed in the center.

Figure 4 presents the computed radiation patterns in the H-
plane at2.7GHz, 3GHz, and 3.2GHz. These frequencies
belong to the band2.6GHz − 3.2GHz, which is the pass-
band of the all continuous wires structure as shown in Fig.
2. From these results, it can be noted that, in this band, a
directive beam is obtained in the direction of the defects.

Fig. 4. Radiation patterns in the H-plane of the CEBG structure, presented
in Fig. 3, at2.7GHz, 3GHz and3.2GHz.

In the new design, the number of wires behaving as continuous
wires is reduced by75% compared to the previous design [6].
Then, in the reconfigurable structure, the number of active
elements in On-state and the required power supply used for
the control of the active elements will be reduced by the same
percentage.

IV. CONCLUSION

A new Cylindrical Electromagnetic Band Gap (CEBG)
structure with defects, for beam-switching antennas applica-
tions, has been designed and tested numerically. This confi-
guration uses a structure composed of discontinuous metallic
wires and with defects consisting of continuous wires. The
proposed solution will allow to reduce the number of active
elements in On-state, in CEBG-based reconfigurable antennas,
and thus will reduce the required power supply DC current.
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