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Abstract : This article presents a finite active MPBG antenna with a reduced number of control components for beam-shaping. Interesting performances are achievable with a small number of active elements. The impedance matching of the excited dipole placed in the centre of the MPBG structure is optimised by adjusting the finite height of the metallic rods. Finally, an application to a sectorized antenna is proposed by controlling the position of a unique discontinuous metallic rod. I. Introduction Filtering abilities of periodic structures known as EBG/PBG are widely used in order to improve antenna characteristics. Among them MPBG structures made of periodically spaced metallic rods or strips give rise to a large stop-band at the lowest frequencies of the band structure [1]. Properties and applications of MPBG structurebased antennas have been particularly considered for high-gain applications [2] or beam-shaping applications [3]. For the previous application, an active MPBG structure is used. An active MPBG structure consists in switching from continuous to discontinuous metallic rods thanks to active components located on rod’s discontinuities [4]. In this article, we will consider an active MPBG antenna made of a half-wavelength dipole located in the center of a finite MPBG structure. The design of this antenna is described in section II. In section III, the dual behavior of continuous and discontinuous metallic rods when excited by a plane wave is presented and the effect of reducing the number of discontinuous rods is analyzed. When applied to the finite antenna, rather similar performances are achievable with a reduced number of active elements. Finally, the ability of optimizing the impedance matching of the excited dipole is shown by adjusting the metallic rods height. A potential application to sectorized antennas is then proposed in Section IV.



II. MPBG antenna design approach The MPBG antenna topology considered is presented Figure 1 : a radiating source is located in the center of a MPBG structure. This radiating source is a half-wavelength dipole of length “h” sized at f0=5.25GHz (h=26.6mm). This MPBG structure is made of periodically spaced and parallel thin metallic rods which are finite along the zdirection. The unit-cell dimensions, ax and ay, are both equal to 17.5mm. This unit-cell is repeated n=7 times along x- and y-directions.



Figure 1 : MPBG antenna considered made of a dipole located in the center of a MPBG structure



The radiation pattern of this antenna simulated with Ie3D [5] is presented in Figure 2. This radiation pattern depends on the height ‘H’ of the metallic rods. It has been previously shown that when metallic rods length is greater than three times the length of the dipole, the radiation characteristics in the xOy plane will be quite the same as for an infinite MPBG structure [6].



Figure 2 : 3D radiation pattern of the antenna proposed Figure 1.



When this condition is respected and for such unit cell dimensions, the radiation pattern of the antenna presents directions of privileged radiation which can be linked to the pass- or stop-band behavior of the MPBG structure [7].



III. Active MPBG with components.



reduced



control



III.1 Plane wave approach Active MPBG structure consists in switching from continuous to discontinuous metallic rods thanks to active components located on rod’s discontinuities. This dual behaviour is pointed out when a MPBG structure made of continuous and discontinuous rods are excited by a plane wave with the E-field parallel to the rods axis. The MPBG structure made of continuous rods exhibits a stop-band from 0Hz to a cut-off frequency which depends on the physical parameters. Figure 3 presents the transmission coefficient of such a MPBG structure composed of 3 continuous metallic rods (‘ccc’) periodically spaced (a=17.5mm) along the plane wave direction of propagation : the first propagation peak occurs at f0=5.25GHz (solid line).



Inversely, for a MPBG structure composed of 3 discontinuous metallic rods (‘ddd’), a dual behaviour is observed with a deep rejection at the working frequency (f0=5.25GHz). The rejection center frequency is obtained when “L”, the length of discontinuous metallic section, equals λ0/2 (with λ0, the wavelength at the working frequency). Finally, the behaviour of a MPBG made of two continuous and one discontinuous rods (‘ccd’) under a plane wave excitation has been simulated. As shown in Figure 3, even if the observed rejection level is lower, it remains significant at f0, allowing an important reduction of active components. This concept of reducing the number of discontinuous rods in a row is applied to the antenna previously presented in section II. III.2 Radiating source in the centre of an active MPBG Two antenna configurations have been simulated. The first one (configuration#1, Figure 4a) is a dipole located in the center of a MPBG structure made of continuous metallic rods except in the x-direction which is made of 3-discontinuous rods. The second one is the same than before except for the xdirection made of 2-continuous and 1-discontinuous rods (configuration#2, Figure 4b).



a) configuration#1



b) configuration#2



Figure 4 : Dipole located in the center of a MPBG structure made of continuous metallic rods except in one direction which is made of a) 3-discontinuous rods and b) 2continuous and 1-dicontinuous rods.



The radiation pattern of the antenna configuration#1 is presented Figure 5. In the x-direction, the antenna presents no radiation lobes which can be explain by the stop-band effect noticed when the MPBG is made of 3-discontinuous metallic rods. Figure 3 : Plane wave characterization of 3-continuous (ccc), 3-discontinuous (ddd), and 2-continuous and 1discontinuous (ccd) metalic rods



Their respective radiation patterns (θ =90°, and φ=0° cut planes, respectively xOy and xOz cut planes) are plotted in Figure 8 and compared to the radiation pattern of the MPBG antenna made of a three discontinuous rods (“ddd”) in the x-direction. The same privileged directions of radiation are observed.



Figure 5 : 3D radiation pattern of the configuration#1 presented Figure 4a



The radiation pattern of the antenna configuration#2 is presented in Figure 6. As expected, a similar radiation pattern is obtained with this second MPBG configuration : the antenna presents no radiation lobes in the xdirection which can also be justified by the plane wave excitation of a MPBG made of 2-continuous and 1-discontinuous metallic rods (“ccd”).



Figure 8 : 2-D radiation pattern of the previous antennas depending on the position of the discontinuous rods in the row.



III.3 Effect on the impedance of the dipole Discontinuous rods affect the antenna impedance. Closer is the discontinuous rod to the radiating source, more affected is the antenna impedance.



Figure 6 : 3D radiation pattern of the configuration#1 presented Figure 4b



Thus, in the x-direction, the MPBG structure behaves like a reflector when one rod of the row is discontinuous. This behaviour is conserved whatever would be the position of the discontinuous rod in the row. Figure 7 plots the three possible antenna topologies made of, in the x-direction, of one discontinuous and two continuous rods (“dcc”, “cdc” and “ccd”).



dcc



cdc



ccd



Figure 7 : Position of the discontinuous rod in the row.



As mentioned in [6], the input impedance can then be adjusted by changing the height of metallic rods. Figure 9 presents the simulated return loss of the antenna topology “ccd” with different heights of metallic rods (H2 > H1) : the frequency shift can be compensated by modifying the height of the metallic rods.



Figure 9 : Return loss of the dipole located in the center of the MPBG structure when one rod is discontinuous (ccd) for two metallic rod heights. (H2>H1)



IV. A potential application A sectorized antenna based on results obtained in III is proposed. The antenna topology, presented in Figure 10, includes four metallic external rods, which can alternatively be switched from continuous to discontinuous rods (empty square).



References [1] «Numerical studies of metallic PBG structures» Tarot A.-C., Collardey S., Mahdjoubi K., Special issue on « Electromagnetic applications of PBG materials and structures », Progress in electromagnetics Research series 2003, vol.41. [2] «Metallic Photonic Bandgap resonant antennas with high directivity and high radiation resistance», Lin Qing-Chun, Fu Jian, He Sai-Ling and Zhang Jian-Wu, 2002 Chinese Phys. Lett. 19 pp 804-806



Figure 10 : Sectorized antennas proposed



Figure 11 shows the four simulated radiation patterns (direction #1, #2, #3 & #4) corresponding to the four positions of the discontinuous rod. These radiation patterns are similar to those obtained with a complete row of discontinuous rods.
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Figure 11 : a) the four configuration proposed by the antenna presented Figure 10 and b) its corresponding azimuth radiation pattern



V. Conclusion This article presents an active MPBG antenna with a less complex and expensive implementation. A significant control of the radiation pattern is obtained by making active a unique metallic rod instead of a complete row of metallic rods. The antenna mismatching due to the discontinuous rods is compensated by adjusting the height of the finite metallic rods.



[7] «Application des matériaux à Bande Interdite Photonique (BIP) pour la conception d’antennes et dispositifs associés destinés aux réseaux domestiques sans fils», Boisbouvier N., University of Rennes1 thesis, December 2004.
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