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Reconfigurable Cylindrical Plasma Antenna

Oumar A. Barro®, Mohammed Himdi, and Olivier Lafond

Abstract—This paper presents the performance of cylindrical plasma antenna. A plasma tube is
used as radiating element. The antenna is designed and works at different frequencies. To couple
electromagnetic signal from the coaxial probe to the plasma column, a coupling system is realized. It
permits to excite the tube in order to have a monopole or dipole antenna. The performances of the
cylindrical plasma antenna are given in terms of Si1, gain and radiations patterns.

1. INTRODUCTION

For many years, plasma antennas have been studied due to their ability to be conductor or
transparent [1,2]. The main advantage of using plasma antennas instead of metallic elements is that
they allow electrical control rather than mechanical one. In particular, for military applications, the
possibility of having conducting elements only when the useful signal needs to be transmitted makes
antenna detection by hostile radars difficult.

Plasma is the fourth state of the matter. When the plasma inside a container (tube in our case) is
energized (state ON), the media performs like a conductive element capable to reflect radio signal like
a metal. However, when the tube is de-energized (state OFF), the plasma is non-conductor and acts
as a dielectric medium. Some antennas using plasma have been studied in the literature. In [3-14],
the authors proposed plasma antenna for which an ionized tube was the radiating element. In [15], the
authors proposed a dipole plasma antenna with a lumped element equivalent circuit to represent the
input impedance.

Hence, the aim of this paper is to present simulated and experimental results to verify the
performance in terms of radiation pattern, gain, and 571 of the cylindrical plasma antenna with feeding
system to couple electromagnetic signal from a coaxial probe to the plasma column at many frequencies.
Different radiations patterns are offered by this antenna system depending on the working frequency.

The paper is organized as follows. In Section 2, we describe the modeling and simulation of
the cylindrical plasma antenna with the coupling system. The comparison between simulations and
measurements is presented in Section 3. A conclusion is given in Section 4.

2. MODELING AND SIMULATIONS

In this section, we describe the plasma antenna based on a fluorescent tube and its RF coupling part.
The idea is to design a monopole plasma antenna. The illustration of the antenna system is shown
in Fig. 1. The antenna is composed of a fluorescent lamp fed by a coaxial probe through a particular
coupling system leading to the radiation of the plasma tube. The height of the commercial fluorescent
lamp is 590 mm, and the tube diameter is 26 mm. A reflector of 1m x 1m (see Fig. 1) is placed below
the antenna at a distance d from the antenna system in order to increase the gain and reduce the back
radiations. Thanks to the dimensions of the existing lamps, the operating frequencies are not specifically
in known frequency bands or known applications. This justifies the frequencies used in this paper.
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Figure 1. Monopole with reflector.
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Figure 2. Coupling system. (a) Symmetric cavity. (b) E-field distribution.
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Figure 3. Coupling system. (a) Dissymmetric cavity. (b) E-field distribution.

For simulations performed with CST Microwave Studio [16], the tube containing gas is made from
lossy pyrex glass with €, = 4.82, tand = 0.005 and thickness of 0.5 mm. The plasma obeys the Drude
model defined by two parameters: plasma angular frequency w), and electron-neutral collision frequency
v. The plasma parameters used in this study are v = 900 MHz and w,, = 43.9823 10° rad/s [17].

Because the glass holding the gas, there is no physical contact between the inner coaxial line and
the plasma. Therefore, a coupling system is necessary in order to induce an electromagnetic field inside
the tube. Furthermore, the E-field must be parallel to the plasma tube (horizontal electromagnetic
E-field). The coupling area between SMA connector and the lamp is composed by a metallic ring
surrounding the plasma tube and an outer metallic cylinder (see Figs. 2(a) and 3(a)). The width of the
ring is 10 mm, and this ring is shielded by an outer cylinder whose diameter and width are 70 mm and
40 mm, respectively. The inner coaxial line is connected to the ring while its ground is linked to the
outer cylinder.
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In the first time, two flaps with an aperture of 45 mm are placed in both sides (see Fig. 2(a)). In this
coupling system, the field distribution has vertical and horizontal components, and due to the symmetry
this field distribution cancels mutually (see Fig. 2(b)). Consequently, the system does not couple the
plasma. In order to have a field distribution along the tube, the coupling system is dissymmetric (see
Fig. 3(a)) by opening one side and closing the other. Therefore, a horizontal strong electric field is
coupled to the plasma and allows the tube plasma to radiate (see Fig. 3(b)) while the vertical E-field
components cancel mutually.

The realized monopole plasma antenna without reflector plane is shown in Fig. 4.

Figure 4. Realized antenna.

The main idea of this work is to design an antenna which can radiate (Plasma ON) or not (plasma
OFF). In the last configuration, this antenna becomes furtive thanks to the use of plasma lamp.

3. RESULTS AND DISCUSSION

Fig. 5 presents the current distribution along the tube for different frequencies. This current distribution
allow to know the length of the lamp in terms of guided wavelength (\;/2) and how the antenna will
radiate. Between two minimums, the distance is evaluated, and this distance corresponds to A,;/2. This
system is similar to one conductor coated by a dielectric substrate [18,19].

Fig. 5 also shows that the effective permittivities are similar and equal almost to 2 for all frequencies.
At 500 and 550 MHz, the current distribution is stronger towards the opened side, but when the

(d)

Figure 5. Current distribution for different frequencies. (a) 500 MHz. (b) 550 MHz. (c) 600 MHz. (d)
700 MHz.
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frequency increases (600 and 700 MHz), the coupling system presents leakage; therefore, the current
distributions are similar in the two directions. In these cases, the monopole looks like a dipole but with
a simple feeding system without balun. Both cases can be used depending on the application. If we
want to have dipole behavior for all frequencies, we can put two identical coupling systems side by side
and use a balun in order to obtain symmetric current distribution along the tube.

The simulated and measured magnitudes of S1; parameters are shown in Fig. 6. The simulated
and measured results are in quite good agreement. This antenna is not very well matched, but the Si1
is lower than —6dB around 600 MHz, and an additional matching system can be used to improve S1;.
Nevertheless, even if the antenna is not perfectly matched, the mismatching level does not prevent the
measurement of radiation patterns and gain.
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Figure 6. Simulated and measured S7; magnitude of the monopole without reflector plane.

The radiation patterns are presented for two cases: Without and with reflector plane to improve
gain.

3.1. Antenna without Reflector

The radiation patterns of the monopole antenna without reflector are presented in this section. Fig. 7
shows the radiation patterns for simulation at 550 MHz and measurement at 490 MHz in the E- and H-
planes, respectively. The simulated and measured results are quite similar. It is easy to see that in the
E-plane, the antenna radiates more towards the opened side. In all cases, we observe a frequency shift
between measurement and simulation due to the inadequate knowledge of exact plasma parameters.

The radiation patterns for simulation at 600 MHz and measurement at 540 MHz in the E- and
H-planes respectively are presented in Fig. 8.

Figs. 7(b) and 8(b) show that the measured radiation patterns in H plane are not completely
omnidirectional because for measurement the antenna is put on a pylon made from polyvinyl-chloride
(PVCO).

For the plasma OFF case and for all frequencies in simulation and measurement, the antenna gain
is slightly decreased (under —25dBi). The results show that when the plasma is OFF, the antenna does
not radiate, can become furtive in a reception antenna case, and demonstrate that the feeding system
does not radiate.

The simulated and measured maximum realized gains for our antenna system without reflector are
shown in Table 1. We can notice that the gains in simulation and measurement are quite similar even
if real plasma media induces loss because it cannot be considered like a perfect conductor.

From the gain, the efficiency of the antenna is evaluated and shown in Table 1. The radiating
efficiency for the simulated frequencies is equal to 35.4% (550 MHz) and 47.1% (600 MHz) and for
measured frequencies 26.9% (490 MHz) and 43.3% (540 MHz). The total efficiency with mismatching
effect of the antenna is also shown in Table 1.
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Figure 7. Normalized radiation patterns for the simulation at 550 MHz and measurement at 490 MHz
of the monopole without reflector plane. (a) E-plane, Ey component. (b) H-plane, Ey4 component.
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Figure 8. Normalized radiation patterns for the simulation at 600 MHz and measurement at 540 MHz
of the monopole without reflector plane. (a) E-plane, Ey component. (b) H-plane, E4 component.

Table 1. Maximum realized gain and efficiency in simulation and measurement for the monopole
without reflector.

Simulated frequencies | Measured frequencies
Frequency (MHz) 550 600 490 540
Gain plasma ON case (dBi) | —3.1 0.1 —4.3 —2.1
Gain plasma OFF case (dBi) | —34 —32 —29.7 —23.5
Radiated efficiency (%) 354 47.1 26.9 43.3
Total efficiency (%) 24.2 35 11.9 23
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3.2. Antenna with Reflector

This section presents the radiation patterns of the antenna with reflector for only one distance d = \/4
at 600 MHz.

Fig. 9 represents the simulated (at 550 MHz) and measured (at 490 MHz) radiation patterns in E
and H-planes. The simulation and measurement are quite similar.

Fig. 10 shows the radiations patterns in simulation at 600 MHz and in measurement at 540 MHz
for E and H-planes. The front to back ratio (f/b) is more than 10 dB.

The simulated and measured maximum realized gains for our antenna system with reflector are

E-plane ($=0) H-plane (¢6=90)

== Simulation ON = Measurement ON === Simulation OFF === Measurement OFF

Figure 9. Normalized radiation patterns for the simulation at 550 MHz and measurement at 490 MHz
of the monopole with reflector plane. (a) E-plane, Ey component. (b) H-plane, Eg4 component.
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Figure 10. Normalized radiation patterns for the simulation at 600 MHz and measurement at 540 MHz
of the monopole with reflector plane. (a) E-plane, Ey component. (b) H-plane, Ey4 component.
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Table 2. Maximum realized gain in simulation and measurement for the monopole with reflector.

Simulated frequencies | Measured frequencies
Frequency (MHz) 550 600 490 540
Gain plasma ON case (dBi) 2.5 5 —0.3 1
Gain plasma OFF case (dBi) | —28.8 —27 —28 —22.1

shown in Table 2. The measurement and simulation are quite similar. It is important to note that
the reflector plane increases the gain of 5dB in simulation and 3 dB in measurement. At the measured
frequency 540 MHz, a positive gain of 1dB is obtained in the plasma ON case.

4. CONCLUSION

In this paper, a cylindrical plasma antenna working as monopole or dipole is presented and completely
characterized in terms of radiation patterns and gain. A new feeding system is designed to couple
electromagnetic signal from the input coaxial line to the plasma tube to be radiated. The simulated and
measured results are in quite good agreement except the frequency shift of the antenna behavior. This
defect could be improved by a better knowledge of the plasma parameters. From our knowledge, this
antenna system is one of the first investigated monopole or dipole plasma antennas with measurement
of radiation patterns and positive gain.
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