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Abstract — This work describes the implementation of a wire
medium in an X-band horn antenna and discusses the effects of
the loading medium on the radiation characteristics of the
modified antenna. Two configurations consisting of four and five
layers of a periodic wire structure are electromagnetically
simulated and experimentally tested. In both cases the return
losses of the loaded antennas are compared with that of a
standard commercial horn antenna. Using different setups, the
radiation diagrams patterns are measured at frequencies
corresponding to minimum reflection coefficient.
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L.

Analysis of wave propagation in artificial dielectrics
consisting of a wire medium has long been of interest to
improve the radiation performance of microwave antennas [1-
3]. In particular, this arises from the fact that artificial
dielectrics can exhibit a near-zero refractive index refraction,
enabling applications in directivity enhancement and side lobe
reduction [4-5]. In this regard, the wire medium provides an
interesting approach to improve a desired property or
functionality of a given antenna [6-10]. In telecommunications
system such horn antennas can be designed to operate over a
broader band of frequencies with negligible loss [10].

From this motivation, the present work concerns the
implementation of a wire medium structure in X-band
frequencies, and the investigation of how a loaded antenna
performs at some specific frequencies. Details about the
present design and experimental results on epsilon-near zero
(ENZ) refraction effects are described in [8].

The remaining of this paper is organized as follows.
Section I depicts the wire-medium structure and its geometric
parameters to the present design. Section II describes
constructive details and implementation of the periodic
structure. Full-wave simulated results and experimental
measurements are shown in Section III, and Section IV gives
the conclusions.

INTRODUCTION

II.

Consisting of parallel conducting wires equally spaced, the
wire-medium artificial structure is shown in Fig. 1 wires. The
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corresponding cutoff frequency of the wire medium can be
calculated by [2],[8]
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where ¢ the speed of light in free space, a the periodic spacing
between the wires and d the diameter of this wires. As
discussed in [2],[6], the design elements of the periodic
structure are a lattice spacing of 10.0 mm and wires of 0.5 mm
in diameter, giving a cutoff frequency of the 7.7 GHz.
Electromagnetic simulations confirmed this calculation and
the broadband resonance over the entire X-band [6].

To enhance its mechanical stability, the wire-array
structure can be embedded in a homogeneous material, named
host medium [4],[9]. This wire-medium structure has shown to
perform well in X-band with strong resonances and with
reflection coefficient below 20 dB as detailed in [2],[6].
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Fig 1. The wire-medium structure.

III.  CONSTRUCTION DETAILS AND IMPLEMENTATION OF THE

WIRE MEDIUM IN THE HORN ANTENNA

The horn antenna employed in the experiments and
installed in an anechoic chamber is a standard X-band antenna
[11]. From commercial copper wire, the wires were cut and
clamped at both ends on the host medium, consisting of
polystyrene plates 10.0 mm thick. The polystyrene foam is a
low loss material with dielectric constant of 1.03 and loss
tangent 1.0x10™. To verify this, return-loss measurements
were made with the empty antenna, and then with the antenna
loaded with polystyrene plates [Fig. 2(a)], and no differences
were noticed in the measured parameters. As can be seen in



Figs. 2 (b)-(d), the wires are not in electric contact with the
flared metallic walls of the antenna.

Full-wave electromagnetic simulations were also carried
out [12]. This step was conducted to ascertain in advance the
construction design. In the first setup, the cutoff and resonance
frequencies of the periodic structure were found in good

(©)

IV. EXPERIMENTAL MEASUREMENTS ON THE WIRE
MEDIUM ANTENNA

The first set of measurements was performed on the
antenna fully loaded with five layers. The measured and
simulated reflection coefficients are shown in Fig. 3, where it
is noticed two sharp dips of -30 dB at 9.87 GHz and 12.5 GHz,
far below than the | S | curve corresponding to the empty
antenna. The second configuration tested included four
internal layers, without the outermost external layer as
pictured in Fig. 2(d). In this case, a strong resonance dip
appears at 11.70 GHz (Fig. 4).

These measurements indicate that the loaded antenna is
well matched to the feeding waveguide with a return loss of 30
dB at specific frequencies. Accordingly, such behavior
manifests itself in both experimental and simulated curves. In
particular at the frequency of 11.70 GHz associated with the
sharpest dip in the four-layer structure, the corresponding E-
plane radiation patterns are shown in Fig. 5. It is seen that in
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agreement with analytical calculation. In the second setup the
fully loaded antenna was simulated from which radiation
patterns were obtained. These results are compared with
experimental measurements in the next section.

(d)
Fig. 2. Construction details of the wire-medium antenna: (a) horn antenna and polystyrene foam plates, (b) loaded antenna, (c)
five layers of the wire-medium structure, (d) antenna installed in the anechoic chamber.

loaded-antenna pattern the back sidelobes appear enlarged.
The radiation patterns were measured in an anechoic chamber
using a reference broadband antenna as the transmitter and the
test antenna as the receiver.
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Fig. 3. Magnitude of the reflection coefficient S;; for the
loaded (with five layers) and empty antennas.
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Fig. 4. Magnitude of the reflection coefficient S;; for the horn
antenna loaded with four layers of the wire medium.
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Fig. 5. E-plane co-polarized polar radiation patterns at 11.70
GHz for the loaded (with four layers) and empty antennas.

V.

The periodic structure built up by the wire medium shows
as interesting approach to modify the radiation characteristics
of a horn antenna, alternative solution and change parameters
in this antenna. Strong effects of the loading wire medium on
the antenna functionality have been demonstrated. Pronounced
dips down to -35 dB in the reflection spectrum of the loaded
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antenna have been noticed and compared with those for a
standard antenna.

Such effects directly arise from the periodicity of the wires.
Basic properties of the antenna such as radiation pattern are
directly influenced by the loading medium, thus enabling its
applicability as an alternative approach to modify and control
the functionalities of standard antennas foreseeing applications

in radars, satellite systems and other commercial
telecommunications systems.
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