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Compressed-Width LeakyH; Mode PBG Antenna

Ching-Kuo Wu, Yu-Chiao Chen, and Ching-Kuang C. Tzuang

Abstract—The recently developed electric-magnetic-electric = =2
. . . . W!L W!&
(EME) microstrip is successfully used to design a compact leaky- e o
mode antenna with fan beam radiation patterns. The EME == T
microstrip consists of composite metals paralleling the electric
and magnetic surfaces, where the magnetic surface is made of

an array of coupled inductors. The frequency scanning behavior,
experimentally and theoretically confirmed by matrix-pencil 7 / L
analyses, indicates that the line width can be reduced by 20%,
compared to that of the conventional microstrip with the identical

radiation angle of the first higher order (EH, ) mode at the same L8
frequency. i
Index Terms—Leaky-mode antenna, matrix-pencil method, pho- sa.ha | L e = Ls Strip Line With
tonic bandgap (PBG). ::1.\‘ e I
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. INTRODUCTION y B i i

ECENTLY, various forms and properties of the pho-. _ _
tonic bandgap (PBG) structures have been investigate L, e e e T ok ode antennas

extensively for their versatility in controlling the propagation.201 mm, Wy = 2.134 mm, Wp = 1.6 mm, Lp = Lg = 0.5 mm, and
of electromagnetic waves [1]-[3]. Practical applications ih = 236.08 mm.
microwave frequency such as bandpass filters, power amplifiers
and antennas have been presented. An electric-magnetic-ef@ee is an ordinary metal strip of a certain thickness. Coupled,
tric (EME) microstrip has also been proposed and demonstraggdnected metallic coils form a periodic array and realize the
to be useful in enhancing performances of microwave circufi@agnetic surface. The proposed guiding structure is symmet-
[4], [5]. This novel PBG structure has several advantageg#;al aboutits central plane, which is an electric wall for the mi-
including broad stopband, compact size, and low loss under gf@strip odd-mode operation. The presence of the frequency-de-
dominant mode operation. pendent magnetic surface at the central plane alters the modal

Leaky mode propagation has found to be a common behaviirrent distributions along the transverse and longitudinal di-
to most printed waveguides in open or partially open spatgctions of the guide, thereby changing the dispersion charac-
[6]-[8]. This paper investigates the leaky effects due to tHeristics. Proper widthsWrgr,, Wrr and W) of the electric
radiation from the first leaky higher-order (odd) mode of thand magnetic surfaces, respectively, can be chosen to obtain the
EME microstrip, which incorporates a PBG structure and expegquired propagation constant, operating frequency and useful
riences periodic perturbations on the strip line itself. The EMBandwidth of the leaky-mode antenna.
microstrip antenna not only reduces the width but possesse#n the design presented here, the electric and magnetic sur-
all the inherent unique characteristics of uniform microstrifices are made on a two-sided, printed RO4003™ circuit board
leaky-mode antennas, such as narrow fan beam and freque®idjricknessli2) 0.203 mm and relative permittivity(») 3.38;
scanning. Therefore, a compact and high performance intee EME composite strip is then glued to a conductor-backing
grated antenna array can be designed using the proposed ER§2003 substrate of thickneds § 0.508 mm under proper heat

composite structure. and pressure. The unit cell of the PBG structure is 2.134 mm
wide in both thex- andy-directions. The dispersion diagram,
Il. OPERATION AND DESIGN GUIDELINES obtained by the finite-element model of one anisotropic PBG

cell with enforced Floquet's boundary conditions at the cell

The EME microstrip is like a conventional microstrip on &jgewalls, predicts a stopband, between 8.8 GHz and 12.4 GHz
continuous, uniform ground plane except in that the signal lig&, the center frequency at 10.6 GHz [9].
consists of composite metals made of electric-magnetic-electric

conducting surfaces, as depicted in Fig. 1. The electrical sur- . EXPERIMENTAL RESULTS

. . . . To demonstrate the potential application of the EME mi-
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89-E-FA06-2-4. The review of this letter was arranged by Associate Editor ZEME microstrip prototype is built and tested (see Fig. 1).
Shigeo Kawasaki. The cell designs of the PBG structure are sketched in [4], [5].
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Fig. 2. Comparison of the main beam angles for the EME and uniform micro 240

strip leaky-mode antennas with the same antenna length (L) and width (W).

The EME microstrip is 256.08 mm long (L), corresponding to
6.8 \¢ (free-space wavelength at 8 GHz). A short, 0.5 mm long
(Ls) metal strip is added at each end of the EME microstrig. 3. Measured far-field H-plane radiation patterns of the asymmetrically
to facilitate the connection to the feeding structure. The efed EME microstrip leaky-mode antenna for three different frequencies.
perimental antenna is fed asymmetrically with asb@niform

microstrip of 1.6 mm wide\Wp) and 0.5 mm longl(p). IV. CONCLUSION

We conduct the far-field radiation pattern measurement in anths paper presents the radiation characteristics of the EME
anechoic chamber. The particular design leaks in a fan begiirostrip that incorporates a uniform grounded substrate and
fashion from about 7 to 9 GHz, polarized in thedirectionwith ,5o5 PG structures alongside the signal line in the axial direc-
its maximum located in the = 0° plane, which is the H-plane jon The leakage, produced by the excitation of the first higher
(x-z plane) of the antenna. Outside the space-wave leaky fger microstrip mode, are validated by measured radiation pat-
gion, the peak power gain of the tilted mainbeam is lower thagyns The physical dimension of the EME leaky line is reduced
8 dBi and the radiation pattern contains many lobes and ”U%'}/ 20%, compared to the conventional uniform microstrip on
The gain and the efficiency of the EME microstrip antenna gle same substrate. The implementation of the EME composite
8.5 GHz are 10.4 dBi and 49.72%, which are comparable wilyi,, requces the circuit dimension without compromising the
the uniform microstrip antenna with the same width. The gairformance of the leaky mode antenna.
and the efficiency of the uniform microstrip antenna at 10.1 GHz
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