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The present invention relates to a device for coupling between a plasma column serving as an antenna and an electric power signal
generator, assoclated with a laser, and this device Is characterized In that it comprises at least two conducting electrodes (1, 2)
each plerced with a hole (3, 4), these holes belng coaxial, the electrodes being connected on the one hand to a high voltage direct
current source (8) and on the other hand to a power signal alternating current source (13), the laser(s) being placed so that its
(thelr) beam arrives along the axis (5) of said holes of the electrodes.
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ABSTRACT

The present invention relates to a device for coupling between a plasma
column serving as an antenna and an electric power signal generator, associated with
a laser, and this device is characterized in that 1t comprises at least two conducting
electrodes (1, 2) each pierced with a hole (3, 4), these holes being coaxial, the
electrodes being connected on the one hand to a high voltage direct current source
(8) and on the other hand to a power signal alternating current source (13), the

laser(s) being placed so that its (their) beam arrives along the axis (5) of said holes of

the electrodes.

Figure 1
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DEVICE FOR COUPLING BETWEEN A PLASMA ANTENNA AND A
POWER SIGNAL GENERATOR

The present invention relates to a device for coupling between a plasma
antenna and a power signal generator and a method for using a plasma antenna
comprising such a coupling device.

Conventional (metal) wireless antenna usually operate in a narrow
frequency band, and their dimensions are inversely proportional to the operating
wavelength. In the low frequency (L.F.), and very low frequency (V.L.F.) and
extremely low frequency (E.L.F.) domains, the height of the antennas of the quarter-
wave type should reach several hundreds of meters to several hundreds of kilometers
(for example 750 m to 100 kHz), which makes them very difficult to construct or
even unrealizable. In addition, they can in no circumstances be easily moved. These
frequency domains are used notably for communications with submarines when on a
dive.

To solve these problems, it i1s known practise to use antennas called
"plasma antennas", for example according to patent US 3 404 403. This patent
describes a plasma antenna comprising a pulse laser source, means for focusing the
laser beam on different points in order to ionize a column of air and means for
couphing a signal to the base of the ionized air column, this column serving as a
radiating element in order to transmit and/or receive a wireless signal. Also known
are plasma antennas according to patent US 6 087 993 and patent FR 2 863 782. In
the first document, the antenna is made movable and the length of the column of
1omzed air 1s reduced by modulating the excitation current of the ionization generator
and by concentrating the production of electrons in at least one portion of this
column. In the second, a femtosecond laser is used to generate a filament in the
1onized air column.

The plasma antennas described in these documents and operating by
1onization of air are stealthy and require no infrastructure, unlike conventional
antennas. However, 1n all these known plasma antennas, the coupling between the
plasma column and the electric power generator which generates the signal to be
transmitted 1s not optimized. Specifically, for example, the abovementioned French
patent describes a capacitive (of the order of a few pF) or inductive coupling device

whose impedance is very low, which markedly degrades the transfer of power

between the electric generator and the antenna.

The subject of the present invention is a device for coupling between a
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plasma column serving as an antenna and a power signal generator, a device which
allows a very good transfer of power between the electric generator and the plasma
column when the latter 1s formed. A further subject of the present invention is an
antenna using such a device, an antenna that i1s able to operate at very low

frequencies. Finally, the subject of the present invention is a method for forming a

plasma column for the purpose of constructing an antenna.

According to an aspect of the present invention there is provided a device for
coupling between a plasma column serving as an antenna and an electric power signal
generator, assoclated with a laser, the device comprising at least two conducting
electrodes each pierced with a hole, these holes being coaxial, a first end of the electrodes
being connected to a high voltage direct current source and a second end of the electrodes
being connected to a power signal alternating current source, the laser being placed so
that a beam of the laser arrives along the axis of said holes of the electrodes.

According to another aspect of the present invention there is provided a method
for using a plasma antenna comprising a coupling device as described herein, the method
comprising the following steps:

activating of the high voltage source;

firing of the laser;

creating a plasma between the electrodes and beyond, on the common axis of the
holes of the electrodes; and

activation of the power signal generator up to the end of the transmission period.

According to a further aspect of the present invention there is provided a method
for using a plasma antenna comprising a coupling device as described herein, the method
comprising the following steps:

activating of the high voltage source;

first firing of the laser, focused between the electrodes, on the common axis of the
holes of the electrodes:;

second firing of the laser, focused beyond the second electrode, on the same
common axis; and

activation of the power signal generator up to the end of the transmission period.
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The present invention will be better understood on reading the detailed

description of an embodiment, taken as a nonlimiting example and 1illustrated by the

appended drawing, in which:
- figure 1 1s a simplified diagram of a device according to the invention

for the creation of a plasma antenna,

- figures 2 to 6 are simplified diagrams of the device of figure 1
showing the various successive phases of an exemplary embodiment
of the invention for the creation of a plasma antenna,

- ftigare 7 1s a simplitied timing chart illustrating the phases of

implementing figures 2 to 6,
- figure 8 1s a simplified diagram of a variant of the device of the

invenfion, and
- fgure 9 1s a timing chart of a variant of the method of the invention,

with two laser firings.

The present invention 1s described below with reference to the creation of
an 1onized air column, and it 1s well understood that the 1onization of this column
may be reduced to a filament 1onization at the axis of symmetry, as described in the
above-mentioned French patent, when a laser of the femtosecond type is used. It is
also well understood that the preferred embodiment of the device of the invention, as
described below, comprises two electrodes pierced with coaxial holes, but the device
of the invention may comprise a higher number of electrodes. The device described
below 1s represented 1n a position oriented so that the plasma column that it allows to
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be created 1s vertical, but it is well understood that this device may have any other
orientation so that the antenna is for example horizontal. The plasiaa antenna
obtained according to the invention is described in this instance as a transmission
antenna, but 1t 1s well understood that it may also be used for reception, provided,
naturally, that the low or very low frequency generator described below is kept
connected.

The device represented in figure 1 comprises two metal plates 1, 2
forming electrodes and each pierced with a hole 3, 4 respectively, the two holes
being coaxial, their common axis being referenced 5. The shape of these electrodes is
not critical. They may for example be circular or polygonal. The holes 3 and 4 are
preferably pierced in the center of these electrodes.

The electrodes 1 and 2 are connected on the one hand via ballast resistors
0, 7 respectively to a high voltage source 8, a resistor 9 being connected between the
two electrodes, at their junction with the resistors 6 and 7. In the following figures,
this resistor 9 1s not represented, but it is well understood that it may be present. The
positive pole of the source 8 is preferably connected to the electrode 2 (in particular
when these electrodes are placed horizontally and at a short distance from the
ground). On the other hand, the electrodes 1 and 2 are connected via direct current
1solation capacitors 10, 11 respectively and a line 12, preferably coaxial, to a low
power or very low frequency and high peak voltage transmitter 13, which may be
close to or far from the electrodes 1, 2 of the antenna. The shielding of the line 12 is
connected to the ground. The distance D between the electrodes 1 and 2 is a function
ot the value of the high voltage of the source 8. Generally, this distance D must be
greater than the breakdown distance between the electrodes in an ambient
environment in the absence of a plasma column, and be less than the breakdown
distance between the electrodes in the presence of the plasma column.

A priming laser 14 is placed beneath the electrode 1, so that the axis of
the beam that it produces is indistinguishable from the axis 5 at least just before
reaching the electrode 1. Therefore, if it is desired to place the laser 14 so that its
output axis 1s horizontal, the user then has a mirror that returns its output beam along
the axis 5. It is also possible to place a semitransparent mirror on the axis 5 if it is
destred to use two lasers. It is possible to use two lasers for example, dedicating one
of them to firings and the other to the maintenance of the ionized column forming an

antenna.

According to typical embodiments of the invention, in no way limiting,
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the electrodes 1 and 2 are circular and have a diameter from a few tens of cm to
several meters, their distance D from one another 1s from approximately 50 cm to
1 m, the diameter of the holes 3 and 5 is approximately 1 cm. The voltage ot the
source 8 is from approximately 10 to 20 kV, and the power supphed by the
transmitter 13 may lie between a few hundred watts and a few mW. The average
power that it delivers must be sufficient to maintain the plasma generated by the high
voltage source &.

First of all, with the aid of the diagram of figure 6 and the timing chart ot
figure 7, the various successive phases of the creation of a plasma antenna with the
aid of the device of the invention will be presented, in the case of a single firing of
the laser 14. Then, with reference to figures 2 to 6 and the timing chart of figure 9,
the various steps of the formation of the plasma antenna will be explained in the case
of two finngs of the laser 14. For reasons of presenting the explanations, these
phases are explained consecutively, but 1t 1s well understood that these phases may
actually be simultaneous or virtually simultaneous.

It 1s assumed that initially none of the elements 8, 13 and 14 1s activated.
To illustrate the chronology of the various phases, reference will be made to the time
references TO to T4 of the timing chart of figure 7.

At the moment TO, the high voltage source 8 1s activated.

At the moment T1, the laser 14, focused on the axis 5, beyond the
electrode 2 1s fired. This firing simultaneously produces a discharge between the
electrodes 1 and 2 (ionmized air column 17 between these electrodes) and the
formation of an 1onized column 18, thinner than the column 17, centered on the axis

.

At the moment T2, the generator 13 is activated which injects power into
the "virtual” antenna which 1s constituted by the plasma columns 17 and 18 and
which maintains the ionization of these columns, because, as illustrated in figure 7,
the instantaneous potential difference Vpc between the electrodes 1 and 2 is constant
from the moment T1 (see the relations below). It will be noted that it is necessary to
observe a mimimal time (typically of the order of a few tens of nanoseconds) between
the moments T1 and T2 so that the plasma column is well established between the
electrodes 1 and 2.

The signal delivered by the transmitter 13 may be written in the
following form:

Vac = A cos (ot),
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while the voltage applied by the source 8 to the electrodes 1 and 2 is in
the form -/+ Vpce.

The instantaneous potentials of the electrodes 1 and 2 are in the
following form:

VeI = Vac - Vpc

VE2 = Vac+ Vpe

which means that there is constantly the same potential difference
between the electrodes 1 and 2.

In the transmission regime, the electrodes 1 and 2 being taken to the
same alternating current potential, there is no loss of alternating current power, this
power being injected virtually entirely into the plasma antenna and contributing to
maintaining the plasma.

At the end of the transmission (T3), the signal of the transmitter 13 being
suppressed, the ionized column 18 forming the antenna disappears rapidly (between
T3 and T4), and thereby the antenna disappears.

Figure & represents a variant of the device of figures 1 to 6. In this figure
8, the same elements as those of figures 1 to 6 are allocated the same reference
numbers. In this device of figure 8, in order to introduce an asymmetry of direct
current potential between the electrodes 1 and 2, a potentiometric assembly formed
tor example by a fixed resistor 19 in series with a variable resistor 20 is used instead
of the resistor 9 of figure 1, these two resistors being connected between the
electrodes 1 and 2, their common point being connected to ground. The setting of the
potentiometer thus formed allows a fine tuning of the potentials applied to the
electrodes 1 and 2 in order to compensate for the losses of direct current absorbed by
the conducting plasma antenna. Specifically, the leakage resistance on the side of the
electrode 2 1s weaker.

As a variant of the invention (see the timing chart of figure 9), after the
activation of the high voltage source (T0), a first laser firing (T1) is made, focused on
the axis 5 between the two electrodes, then a second laser tiring (T2) focused on the
same axis 5, but beyond the electrode 2, and then the generator 13 (T3) is activated.
The plasma antenna disappears (T5) shortly after the end of the activation of the
generator 13 (T4). In detail, the various steps of this method are as follows:

Figure 2: after the high voltage source 8 has been activated (T0O), the laser
14 1s activated (T1) in order to make a first "firing" focused on the axis S5, between

the electrodes 1 and 2, in order, by high voltage discharge, to create a thin column of
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conducting plasma 15 between these two electrodes.

Figure 3: the laser firing causes the high voliage discharge 16 in the
plasma column 15, between the electrodes 1 and 2.

Figure 4: The discharge 16 has the effect of broadening the conducting
plasma column between the electrodes 1 and 2, the broadened column being
reterenced 17. It will be noted that after the creation of the plasma antenna, it is
possible to short circuit the capacitors 10 and 11, and to do so up to the end of the
use of the plasma antenna. The role of the high voltage generator 8 is then to
maintain the 1onized column 17 that has been made conducting. It will be noted that
the phenomena illustrated in figures 2 to 4 are practically simultaneous and have
been broken down in order.to make them easier to describe.

Figure 5: A second firing of the laser 14 (T2), is made, focused on the
axis 5, beyond the electrode 2. This second firing causes the formation of a plasma
column 18 in continuity of electric conduction with the column 17. Because the laser
14 1s preterably of the femtosecond type, the column 18 then reduces to plasma
filaments, as described for example in the abovementioned French patent, and its
length may reach several km, which gives it the characteristics necessary for a low
(or very low) frequency antenna.

Figure 6: the transmitter 13 is activated (T3), which injects alternating
current power into the "virtual” antenna that is constituted by the plasma columns 17
and 18 and that maintains the ionization of these columns because, as illustrated in
figure 9, the instantaneous potential difference Vpc between the electrodes 1 and 2 is
constant from the moment T1 (as explained hereinabove with reference to figure 7).

In conclusion, thanks to the device of the invention, in addition to the
advantages inherent in the plasma antenna itself, the conductive coupling between
the electrodes and the antenna, a very good yield of power transfer is obtained
between the generator 13 and the antenna (these electrodes being taken to the same
instantaneous alternating current potential, practically all of the alternating current
power 1s injected into the antenna). In addition, this device is very economical,

because it requires only one high voltage, low power source.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. A device for coupling between a plasma column serving as an antenna and an
electric power signal generator, associated with a laser, the device comprising at least
two conducting electrodes each pierced with a hole, these holes being coaxial, a first end
of the electrodes being connected to a high voltage direct current source and a second end
of the electrodes being connected to a power signal alternating current source, the laser

being placed so that a beam of the laser arrives along the axis of said holes of the

electrodes.

2. The device as claimed in claim 1, wherein the laser 1s a laser of the femtosecond
type.

3. The device as claimed in claim 1 or 2, further comprsing, between the two

electrodes, a potentiometric assembly in order to fine tune the potentials applied to these

electrodes.

4. A method for using a plasma antenna comprising a coupling device as defined in
any one of claims 1 to 3, the method comprising the following steps:
activating of the high voltage source;

firing of the laser;

creating a plasma between the electrodes and beyond, on the common axis of the

holes of the electrodes; and

activation of the power signal generator up to the end of the transmission period.

5. The method as claimed in claim 4, wherein between the moment of firing the

laser and the activation of the power signal generator, a minimal time (Tm) of the order

of a few tens of nanoseconds 1s observed.

6. A method for using a plasma antenna comprising a coupling device as defined 1n
any one of claims 1 to 3, the method comprising the following steps:

activating of the high voltage source;
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first firing of the laser, focused between the electrodes, on the common axis of the
holes of the electrodes;

second firing of the laser, focused beyond the second electrode, on the same

common axis; and

activation of the power signal generator up to the end of the transmission period.
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