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Introduction

Electromagnetic bang Gap (EBG) materials are periodic structures characterized by
forbidden propagation of electromagnetic waves in their band-gap and by the ability
to open localized modes inside the band-gap by introducing defects [1-2]. Cylindrical
Electromagnetic Band Gap (CEBG) structures are radially and circularly periodic,
and they present pass-band and stop-band to cylindrical electromagnetic waves [3].
By applying a horn-shaped defect in these structures, it has been shown that a re-
configurable directive pattern can be obtained [4-6]. In [4], experimental results for
a reconfigurable CEBG-based antenna have been presented, whereas in [5], an anal-
ysis of the transmission coefficient of CEBG structures and experimental results for
a CEBG directive antenna have been proposed. In [6], a new defect configuration
has been proposed for reducing the power supply, but this solution leads to a nar-
rower band. In this paper, new defect configurations are analyzed in order to reduce
the number of active elements and the required power supply in CEBG-based agile
antennas. The solution with the widest bandwidth is indicated.

Numerical results

Figure 1 presents a CEBG structure without defect and Fig. 2 shows different defect
configurations. Using the Finite Difference Time Domain (FDTD) method, numerical
simulations were carried out to obtain the radiation patterns of the CEBG structures
with defect.
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Figure 1: CEBG structure without defect composed of four cylindrical layers of metal-
lic wires.

The structures are composed of infinite long metallic wires and are excited in their



center with a current line source. The defect are created by introducing discontinuous
wires in an initial continuous wire structure. The parameters of the CEBG structures
are the followings: the radial period is Pr = 30 mm, the wire diameter is a = 2 mm,
the finite wires are 15 mm length, and the vertical distance between two wires is 5
mm.
For the different cases, the far-field proprieties are investigated through an examina-
tion of the two-dimensional directivity :

DCEBG = 10 log

(

2π|Ez(θ = 0)|2
∫

2π

0
|Ez(θ)|2dθ

)

(1)

where Ez is the transverse component of the total electric field in the far region,
calculated with the FDTD method.
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Figure 2: CEBG structures with different defect configurations

Figure 3 shows the computed directivity for the horn-shaped defect configuration,
and the configurations with Defect 1 and Defect 2 (cf. Fig. 2). In the stop-band
of the CEBG structure without defect, the horn-shaped defect configuration presents
the same directivity as an H-plane sectorial horn antenna having the same shape
than the defect (the demonstration is not shown here). Thus, this configuration is
used as a reference. From Fig. 3, the configurations with Defect 1 and Defect 2
present the same directivity characteristics as the horn-shaped defect configuration



near the frequency 1.6 GHz. At this frequency, the radiation patterns for the different
configurations are plotted in Fig. 4, showing that the three configurations presents
similar radiation characteristics at 1.6 GHz. Figure 5 shows the computed directivity
for the horn-shaped defect configuration, and the configuration Defect 3 (cf. Fig. 2).
From these curves, the configuration Defect 3 gives a larger band where its directivity
concorde with the directivity of the horn-shaped defect configuration.

Figure 3: Directivity of the CEBG structures with different defect configurations

Figure 4: Radiation patterns at 1.6 GHz for different defect configurations

For agile antenna applications, the configuration with Defect 3 allows to reduce not
only the power supply but also the number of active elements. Indeed, only the second
and the third layers will contain active elements, and the first and the fourth layers will
be constituted by continuous wires acting as parasites without active elements. Thus,
the number of active elements and the power supply are reduced by 50% compared
to the solution presented in [5]. Note that the solution proposed in [6] doesn’t allow
to reduce the number of active elements and is more narrower band than the present
solution.



Figure 5: Directivity of the CEBG structures with different defect configurations

Conclusion

New defect configurations in Cylindrical Electromagnetic Band Gap (CEBG) struc-
tures, for beam-switching antennas applications have been tested numerically. It has
been shown that it is possible to reduce the number of active elements and conserving
the same directivity characteristics in a wide band as in the CEBG structure with a
horn-shaped defect.
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