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Abstract—This paper reports on the radiation patterns measured
on a X-band antenna loaded with a periodic array of metallic
wires. Design details of the wire medium to provide low return
losses in the range 8 to 12 GHz are given. Using different test
setups, the diagram patterns are measured at different
frequencies associated with minimal return losses. Radiation
characteristics of the loaded antenna are discussed.
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L INTRODUCTION

Horn antennas loaded with artificial dielectrics made up of
periodic arrays of metallic wires have been investigated in
recent years [1]-[5] and have shown improved radiation
characteristics. In this regard, the wire medium structure
provides an interesting approach to improve a desired property
or functionality of a given antenna. The metamaterial wire
medium can be designed on the basis of the analytical models
and full-wave electromagnetic simulations to meet specific
requirements. In our study, the wire medium consists of thin
metallic wires of diameter d and arranged on a square lattice
of a periodic spacing a as shown in Fig. 1.

z
y/ X

—k=
d
Fig.1. Periodic array of wires.

The cutoff frequency of this structure is estimated by [3]-[5]
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where ¢ is the speed of light in vacuum. According to the
Drude model [5], [6], in the low-frequency regime (when a
quarter of the guided wave length is less than the periodic
distance a), such artificial dielectric exhibits a permittivity
(relative to vacuum) expressed by
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where ¢, is the permittivity of the host medium, f the
frequency of the incident wave, and f. the equivalent cutoff
frequency. By taking into account the relaxation time of the
free electrons in the wire, Ohmic losses can also be considered
in (2). This equation explicitly states that either negative or
near-zero permittivity can be achieved at a particular design
frequency [6], [7].

The aim of this project is the implementation of the wire
medium structure in X-band frequencies, and to investigate
how a loaded antenna performs at some specific frequencies.
Details about the present design and experimental results on
espsilon-near zero (ENZ) refraction effects are described in
[8]. Accordingly, the design parameters 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. The
implementation of this structure is made in air, such that in the
above calculations the permittivity of the host medium is taken
as unity.

Over a specified frequency range the refractive index of a
wire-medium slab can be made close to zero, and so rays
refracting at the air-slab interface emerge from the ENZ
medium nearly perpendicular to the slab surface. In the
analytical formulation for a normally incident plane wave with
the electric field in the direction of the wire, magnetic effects
are not considered, and so the magnetic permeability of the
medium is unity. In this condition, the refractive index is

calculated as n = \/; . The ENZ effect can be advantageously

employed to enhance the functionalities and radiation
properties of microwave antennas.




II.  'WIRE MEDIUM HORN ANTENNA

The horn antenna is loaded with seven rows of thin copper
wires equally spaced on a square lattice, thus forming a rigid
structure inside the antenna as displayed in Fig. 2.

Fig. 2. Wire-medium antenna installed in the anechoic chamber.

In this design the wires are in electrical contact with the
metallic faces of the antenna. The original horn antenna is
linearly polarized and the presence of the wires barely
modifies the original polarization since the electric field inside
the source antenna is almost parallel to the wires. Important
details about the constructive design and effects arising from
the wire medium are discussed in [5], where the host used is a
low loss rigid polysterene foam with dielectric constant of
1.03.

III. ELECTROMAGNETIC SIMULATION OF THE WIRE-
LOADED ANTENNA

Full-wave electromagnetic simulations [10] of the horn
antenna have been performed to get further insight into the
performance of the antenna when loaded with the designed
artificial medium. Figure 3 shows the simulated scattering
parameter S;; for the horn antenna containing the seven-layer
wire medium.
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Fig. 3. Simulated |S,,| of the wire-loaded horn antenna.

The simulated return loss spectrum shows four strong
resonances and two additional weak resonances, which all
arise from the periodicity of the structure. Simulated radiation
patterns for the three strongest resonance dips (9.32, 10.30,
and 11.64 GHz) are displayed in Fig. 4 and Fig. 5.
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Fig. 4. Simulated E-plane co-polarized radiation patterns (in dB) for the wire
medium antenna at three different frequencies.



——9.32GHz

-100

gl2e 300 , 60

140
-160

-140

420 240 120

-100
180
(a)

——10.34GHz
-100

110
20 300 / 60
-130
140
-140
-130
120
110
-100
180

(®)

0

——11.64 GHz

1204 300 60

120 240 /120

-100 -

180

(©)
Fig. 5. Simulated E-plane cross-polarized radiation patterns (in dB) for the
wire medium antenna at three different frequencies.

The behavior of the patterns in co and cross-polarization
shown in Fig. 4 and Fig. 5 indicates that the radiation pattern
characteristic of horn antennas is maintained as well as its
natural linear polarization.

IV. EXPERIMENTAL MEASUREMENTS ON THE WIRE
MEDIUM HORN ANTENNA

To experimentally verify the radiation characteristics of
the loaded horn antenna, measurements on the composite
structure were performed with different setups being
implemented prior to measuring the radiation patterns.
Measurements of the scattering parameter S;; and VSWR
return losses were initially made to ascertain the influence of
the loading wire medium on the transmission frequency
spectrum. Measured return loss and VSWR are shown in Fig.
6.

Three strong resonances are observed in Fig. 6(a). Other
resonance dips are also observed, characterizing the resonance

behavior of the periodic structure, where the cutoff frequency,
resonance dips and frequency stop bands are clearly identified.
Since the refractive index of the wire slab is less than unity,
and consequently the phase velocity is larger than the velocity
of light in vacuum, this phenomenon is the one that causes the
striking features observed in a metamaterial medium.
Measurements of the radiation pattern were performed with
the wire medium horn antenna at three frequencies, namely,
9.79 GHz, 1034 GHz and 10.75 GHz, with different
experimental setups been implemented in the anechoic
chamber (Fig. 2). The radiation patterns for co-polar and
cross-polarizations for these frequencies are shown in Fig. 7.
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Fig. 6. Measured (a) |[S;;| and (b) VSWR for the loaded antenna.

The effect of the wire medium structure on the horn
antenna performance is noticeable, where the co-polarization
shows wide radiation pattern coverage for the three
frequencies. The behavior characteristic of the pattern can be
compared with [5], which demonstrates experimental results
of the conventional, empty horn antenna. The conventional
horn antenna shows a typical gain around the 20 dB [9]. In the
present case (Fig. 7), the gains in the co-polarized E-plane are
18.0 dB, 17.0, dB and 18.0 dB for frequencies 9.79, 10.34 and
10.75 GHz, respectively.
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Fig. 7. Measured relative radiation patterns (in dB) for the wire medium horn antenna at three different frequencies and setup tests, where (a), (¢), (d), (), (g) and

(i) in E plane and (b), (e) and (h) in H plane.

The cross-polarization level for the wire medium antenna was
higher than for the linear polarization of the original antenna,
as the array of wires produces a strong influence on the wave
front radiated from the loaded antenna.

Asymmetries in the radiation patterns (Fig. 7) are ascribed
to fabrication imperfections (mounting and alignment of four
trapezoidal metallic plates) and to the presence of the
aluminum stubs used to stretch the copper wires inside the
antenna (Fig. 2).

Notice that the wire medium horn antenna maintains the
original configurations in its backlobe, but the sidelobe shows

a broader field when compared with a typical horn antenna,
which explains the small difference in the measured gain. This
effect is demonstrated in the E and H field planes for the three
frequencies in Fig. 7.

V. CONCLUSIONS

This report has experimentally demonstrated that the
dispersive properties of a wire medium modify the radiation
characteristics of a standard horn antenna. This effect directly
arises from the periodicity of the wires. Basic properties of the



antenna such as radiation pattern, gain and directivity 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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