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Abstract—The present paper reports on the design,
implementation, and tests of a wire medium to experimentally
verify its effects on the performance of a standard X-band horn
antenna loaded by such a bulk metamaterial medium. The wire
medium is composed of a periodic array of 0.5-mm-diameter
metallic wires arranged in a square pattern with lattice spacing
of 10.0 mm and hosted in Styrofoam plates. Experimental
measurements of the radiation pattern at 11.70 GHz show an
enhancement of the side lobes while maintaining the antenna
peak gain, indicating that the metamaterial wire medium
introduces negligible loss into the loaded antenna.

I INTRODUCTION

Wire medium, consisting of a periodic arrangement of
metallic wires in a rectangular lattice, has been known since
the 1950s in view of its applications as artificial dielectric with
relative electric permittivity less than unity for microwave
antenna lens in communications and radar system
beamforming [1]. These arrays of wires behave as
homogeneous bulk material whose electromagnetic properties
can be described in terms of an effective permittivity. With the
advent of metamaterials in the 2000s, renewed interest in wire
media was sparked leading to a range of new applications such
as subwavelength imaging in the visible spectrum, transport of
near-field images, and directive emission [2]. The effects of
incorporating a wire medium into horn antennas have been
investigated in simulation [3] and experimental studies [4]-[6].
In [5], for instance, it has been demonstrated that placing a
metamaterial wire liner on the inner wall of a C-band
rectangular horn antenna has improved its performance over
greater than an octave bandwidth. Related to these previous
works which are concerned with ultra-refraction phenomena
produced by wire media, the present paper reports on
experiments to investigate the modifications on the radiation
pattern of a standard X-band horn antenna by loading the
antenna with a periodic arrangement of metallic wires
especially designed to provide an average refraction index of
0.5 over the 8.0-12.0 GHz frequency range.

II. MODEL AND DESIGN OF THE WIRE MEDIUM

The wire medium consists of thin metallic wires of
diameter d and arranged on a square lattice of a periodic
spacing a, onto which impinges a TM electromagnetic wave
with the electric field polarized along the direction z, as shown
in Fig.1. Under this circumstance, and assuming lossless wires,
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Figure 1. Geometry of the wire medium array.

the effective permittivity of the bulk homogenized medium
exhibits a plasma-like dispersion expressed by
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where g, is the permittivity of the host medium, f the
frequency of the incident wave, and f, the equivalent plasma
frequency. This important parameter is given by [2]
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where ¢ the speed of light in free space.

To operate in the X-band the plasma frequency should be
close to 8.0 GHz so as to provide a near-zero permittivity at
the lower edge of the 8.2 — 12.4 GHz band. Then selecting the
lattice spacing as a=10.0 mm and the wire diameter =0.5 mm
gives f,=7.7 GHz. The complete design and details of the
characterization of wire medium are discussed in [7].

III.  IMPLEMENTATION OF THE WIRE MEDIUM AND ITS
INCORPORATION INTO THE HORN ANTENNA

For the realization of the experiment, a commercial horn
antenna has been used [8] and then loaded with the wire
medium. The arrays of metallic wires were accommodated and
fixed in a Styrofoam plate properly machined in the bottom and
top faces to match the flare angle of the antenna. This host
material has a relative permittivity of 1.03, with loss tangent of
0.1x107 [9], thus being close to that of free space. Fig. 2 shows
five layers of Styrofoam plates hosting the periodic array of
metallic wires. Tests have been made using four wire-dielectric
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layers embedded into the antenna, for which the measured
return loss is displayed in Fig. 3. Three pronounced dips appear
in the return-loss spectrum at the frequencies of 7.9, 11.70, and
12.4 GHz. We note that the four layers used form three coupled
resonators, whereby the original resonance frequency
associated with the middle resonator is split into a band of three
different frequencies, analogous to the Kroning-Penney
potential wells in solid state physics [10].

Figure 2. Copper wires fixed in the host layer.

Measurements of the radiation pattern have been
performed with the antenna inside an anechoic chamber as
shown in Fig. 4. Results are presented in Fig. 5, which
compares the radiation patterns measured for the wire-medium
loaded and empty antennas. The loading wire medium has the
effect of enhancing the side lobes for both polarizations in
experimental implementation. But we can see in Fig. 5(a) that
the peak gain is maintained in the main lobe, indicating that
the wire-dielectric layers introduce negligible loss in the horn.
In addition, the cross-polarization level [Fig. 5(b)] is 20 dB
lower than the corresponding co-polarization level for the
loaded antenna.
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Figure 3. Measured return loss (J]S11]) for the horn antenna

loaded with four composite layers.

Figure 4. Antenna under test attached to the positioning
system in the anechoic chamber.
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Figure 5. H-plane (a) co-polarized and (b) cross-polarized
radiation patterns for the loaded and empty antennas measured
at 11.70 GHz.

IV. CONCLUSION

The present report has experimentally demonstrated the
metamaterial wire medium capabilities to modify and control
the radiation pattern of a standard horn antenna. Radiation
patterns for the wire-medium-loaded antenna have been
measured at 11.70 GHz, a frequency corresponding to a sharp
resonance dip in the return loss spectrum of the meta antenna.
Structural simplicity and low fabrication cost of the
implemented wire medium enable the proposed arrangement
to be used in further experiments aiming at enhancing
directivity and gain of conventional microwave antennas.
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