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Abstract

In this paper a gain improved cross polarized dipole antenna based on a Mushroom-Jerusalem-Cross
hybrid electromagnetic bandgap (MJCH-EBG) structure is presented. For low frequencies these
structures behave like metal surfaces. For a specific bandwidth at higher frequencies, that has to be
dimensioned, they are highly resistive and represent a perfect magnetic conductor. This effect can
be used to realize reflectors and to suppress surface waves at antennas. This helps to miniaturize
these kind of antennas. Design, simulation, measurement and analysis is performed for this antenna
at 10.7 GHz.

1. Introduction

In recent years, photonic and electronic bandgap structures have gained new attention in the context of
microwave applications as well as other metamaterials. Surface wave suppression to improve antenna
characteristics as well as miniaturizing antennas with reflectors are good examples. In this paper, a
MJCH-EBG structure is used to achieve these effects. The feeding network including baluns and match-
ing network for these balanced antennas was designed as well as a broadband dipole as radiating element.
The necessary reflector was dimensioned to achieve a phase jump-di ° and to attach the dipole

with virtually no distance to the reflector to achieve a single four layer PCB implementation.

2. Basic principle of a EBG reflector

To achieve the mentioned suppression of TM and TE waves, the EBG material has to be operated in
the frequency range around the resonance frequency of the unit cell (see Figure 1) where it is highly
reactive (see [1, 2]). The lower edge of the frequency range is determined by means of the maximum
propagation frequency of TM waves. The upper edge is defined by the minimum propagation frequency
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of TE waves. It has to be mentioned that the effect is only valid for unit cellsatieagmaller than /10.
Otherwise there will be a wave propagation at the resonance frequency [3] or the Bragg reflection is the
dominant effect at the size of the unit cell ®f2. For the application as a reflector, the phase jump at
the surface is steered. For a simple metal surface, this phaseqguanmunts tol80 ° which allows a
distance to the radiating elementf4 =90° electrical length. A EBG structure can be dimensioned

for « = 0°. Thus, the antenna can be shrunk and the dispersion and phase can be controlled [3]. An
additional gain of more than 3 dB for these types of antennas poses another positive effect [2]. Thorough
investigations preceeding the antenna design resulted in the following parameters for the MJCH-EBG
reflector (publication pendingy = 1.85mm,h = 1.5mm,r = 0.15mm, g = 0.15mm, st = 0.1 mm,

andd, = 0.5 mm. The resulting bandgap covers the required frequency range.
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Fig. 1. MJCH structure and unit cell with equivalent circuit components

3. Antenna design

The antenna was integrated on a 4 layer PCB with Rogers RO4003 and RO4403. The first layer contains
the radiating cross dipoles. On the second and third layer the MJCH-EBG structure is implemented. The
feeding network is placed at the bottom side and therefore is not influencing the antenna radiation pattern.
A broadband balun (as published in [4]) and a matching network with open stubs ensured an improved
performance and the usability in a standardX5§ystem environement. The structure was optimized in a
circuit simulator and achieved an insertion los$ef = 1.1 dB and a matching a$1; = —10.9dB. For

3D simulation time purposes, the structure was reduced to mushrooms without Jerusalem cross and the
number of EBG unit cells was limited to 3 around the dipoles but the feeding via the through holes was
modeled (see Fig. 2(a) and 2(b)). The feeding paths towards the via holes were seperated by a certain
distance to minimize the coupling between the two dipoles that are used for polarization separation. The
coupling of the feeding was kept below 45 dB. The 3D simulation resulted in a gé&ino8.2 dBi and

a HPBW (half-power beamwidth) gf = 52°. The axial ratio between the two dipoles is higher than
30dB in the main direction and higher than 20 dB throughout the rest of the half space. This points to
the fact that the polarization separation is adequate in simulation.

(a) Dipoles and MJCH¢b) Feeding Network
EBG (top view) (bottomview)

Fig. 2: Proposed PCB structure of crossed dipole on MJCH-EBG
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4. Measurement results

A nearfield measurement of the realized antenna with MJCH-EBG was performed to verify the perfor-
mance. The normal vector to the PCB defines the z-#@k@énd¢ are the other spherical coordinates as
depicted in [5]. Both ports were measured and similar results can be found. Therefore only the result
of one port is presented. This is the dipole oriented in y direction. Henceygfe= 0°;¢ = 0°)

is parallel to the dipole. A normalized contour plot (Fig. 3(a)) and the cardinal plot (Fig. 3(b)) show
that the axial ratio is above 20dB over a broad beamwidth and a clear maximum of directivity is at
¢ = 180° and¢ = 0° as expected. A directivity peak of 9.7 dB in main direction even exceeds the
simulation results. The imperfect matching network and balun cause some attenuation in the feeding
path and therefore a gain of 2.3dB has been realized.
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Fig. 3: Measured®,, at 10.7 GHz
5. Conclusion

It can be stated that the implemented cross dipole antennas on a MJCH-EBG reflector performs better
than a standard dipole which is plackgd away from a metal reflector in terms of directivity and size.
It proves to be a valid approach towards miniaturization of antennas (here factor 9).

6. Acknowledgement

The authors would like to thank the Fraunhofer Institute for Integrated Circuits for supporting this work
during the diploma thesis in 2005, especially H.Adel, also Fraunhofer IIS, for technical assistance during
measurement, and the Chair for Information Technologies of University Erlangen-Nuremberg.

References

[1] D. Sievenpiper, L. Zhang, R. F. J. Broas, N. G. Alexopolous, and E. Yablonovitch, “High-impedance elec-
tromagnetic surfaces with a forbidden frequency baHeE’E Transactions on Microwave Theory and Tech-
niques, vol. 47, no. 11, pp. 2059-2074, 1999.

[2] M. N. Mollah and N. C. Karmakar, “Planar PBG structures and their applications to antennBsjtinEEE

Antennas and Propagation Society Int. Symp, vol. 2, 2001, pp. 494—-497.

[3] S. Clavijo, R. E. Diaz, and I. McKinzie, W. E., “Design methodology for sievenpiper high-impedance surfaces:
an artificial magnetic conductor for positive gain electrically small antenhaEE Transactions on Antennas
and Propagation, vol. 51, no. 10, pp. 2678-2690, 2003.

[4] Z.-Y. Zhang, Y.-X. Guo, L. C. Ong, and M. Y. W. Chia, “A new wide-band planar balun on a single-layer pcb,”
|EEE Microwave and Wireless Components Letters, vol. 15, no. 6, pp. 416-418, 2005.

[5] A. Ludwig, “The definition of cross polarization/EEE Transactions on Antennas and Propagation, vol. 21,
no. 1, pp. 116-119, 1973.

ISBN 978-952-67611-0-7 -900 - © 2011 Metamorphose-VI





