1 FACILITY FOR M CROMVE TREATMENT OF A LQAD The present
invention relates to a facility for mcrowave treatnent of a | oad,
and an associ ated m crowave treatnent nethod. 5The subject-matter of
the invention falls within the field of mcrowave treatnent
consisting of treating a | oad absorbi ng m crowaves by appl ying

el ectromagneti c waves in the mcrowave range thereon; this |oad may
consist of a liquid, solid or gaseous product having dielectric
characteristics allowing it to absorb all or part of the wave, for
exanpl e such as an aqueous suspension, an 10agri-food or chem cal
product, a plasma-form ng gas, etc., sudh a | oad being able to be

contai ned inside a treatment chanber. A first appl i cation
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nitriding, iocn implantation, disinfection, etc.

A second application relates to microwave treatment facilities using heating
of a load absorbing the microwave radiation, in particular in the chemical, medical

20 and agri-food fields.

The invention more particularly relates to a facility for microwave treatment
of a load, comprising:
- at least one application device for applying an electromagnetic wave in the
microwave range;

25 - at least one electromagnetic wave generator in the microwave range, connected
to at least one application device applying the electromagnetic wave using guide
means.

A first application of the present invention is o make it possible to monitor
the power reflected on the or each application device, so as preferably to ensure

30 impedance maiching on the or each application device by canceling or even
minimizing the power reflected on the or each application device.

A second application of the present invention is to allow monitoring of the
power fransmitted by the or each application device, so as preferably to distribute



A second application of the present invention is to allow nonitoring
of the power transmtted by the or each application device, so as
preferably to distribute 2 the transmitted power equitably between
t he various application devices so as to obtain a substantially

uni form power density on a given treatnent area, for exanple at a
certain distance fromthe walls of the treatnment chanber. In the case
of a mcrowave treatnent facility working by producing a plasma, it
isin fact 5 interesting to obtain a substantially uniform plasna
havi ng a substantially uniform power density. In the case of a
m crowave treatnment facility using the production of an electron
cyclotron resonance (ECR) plasma, a third application of the present
i nvention i noni nce, surface i
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- an electromagnetic wave generator 93 in the microwave range, connected to the
application devices 92 by guide means 94 for guiding the electromagnetic wave.

During operation, the generator 93, fraditionally of the magnetron type,
produces an electromagnetic wave at a fixed frequency in the microwave range.

25 For example, a magnetron 83 makes it possible to provide a variabie microwave
power from 0 to 2 kW at a fixed frequency of 2.45 GHz.

The electromagnetic wave delivered by the magnetron 93 is sent to a power
divider 95 designed to divide the microwave power by the number k of application
devices 92, generally by 2, 4, 8, 10, 12, etc. In the example of figure 2, the number

30 k of application devices 92 is equal fo 12.

The power divider 95 is generally made up of a rectangular waveguide in
which k antennas are installed each debiting 1/k of the total power delivered by the
magnetron 93. In this architecture of the power divider 85, the antennas are



3 positioned in the guide, in which stationary waves are established,
in the antinodes of the electromagnetic field. This technology is
effective inasnuch as each elenentary plasma source 91 behaves |like a
mat ched i npedance, in other words the power reflected on each
application device 92 is substantially zero such that 5 each

el ementary source 91 sends, without |loss, all of the debited power

t hrough the correspondi ng ant enna. The power debited by each
antenna is then transmtted by independent guide neans 94, typically
of the coaxial cable type, to one of the application devices 92
through a circul ator 96 equi pped with assuitable water |oad pl aced at
10 the output of the power divider 95. This circulator 96 allows the
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appl i cation PEI@U%’&%%‘”Q@‘? apide. P vhiRTesiRiANErY Wevesa e sstebishrshwey the Bpfnodes
goi ng from thehapgbctcmtagmetideficlde THi2 techhdieg\ans exffeatiley imasthuchctis Ngach

the reflect %gagpégﬁﬁ? o, gOL'IFﬁé@"I Hefabd I&eﬁ@ﬁ%té 9 i%?g{l}néggﬂpothgpgfgrds

coaxi al cabl ransmt the power to the applica , VI Ces

15 traditi o4 POWRaefgeted M $acht FPICationy GRS 523'91 sHRsYalY Aerocichdhat
devi ce 93, ench eleargntalyavardeust sorefsométhbliclosnrallesitha diebigedappivérciitargh
92. The inp fosddh Mt GRRhnRet ween the plasma confined in the
treat ment chanbe 0 an eg_cPl | IemeRt ary plasm source 91 is done by
manual |y nani pul s RGWEREePiigf @¥rRashnaitteMian s Hepi Eansoitiert by dp¢ependent
concer ned | goiEle seaas Mo tymdalyi df thesaidylab cablentypemiaz eng2Mbftthe guphiedtion
refl ect ed oReGREH BRRILERLOGAtor 96 cquiFbi i 3 SRl FAEPRAR dibde at
exanpl e of react or 8 for a. ?asma productigon facility, using

appl i caflfont 9'i‘f€Bts°f9t§eé’PWPﬁ€'VE%éﬁﬁalTh‘éﬁHP‘iﬂé@tr(916 gllows thg pRvemdebited by
i npedance nebchienigndato gefrdmn the powacdivideatomald tepd pptiedtion d@Riced Be, but it

coaxi al applal 9 i : c d
Syl fndrical p&ﬁ%ﬁ"@%get (oreERUGRd? FOIR RPBRL inaCagiTRElorD Hefibly 210 the

e to >t T
deposi ti on/ BBHPA ga%ecmm%{@ﬁ%s%pawew@?@ leagh in KVrRSKIAR YafRr dife
source 91 furthefheaopxiakeables Pdgmetshtt Sir pover @ B agsicgiveddévdces 92,
create %5m%§&ileaﬁalfy' Eél%d“’QE&Eato?Quﬁ’s &H;St 8namh %h%%ef g 'devitBVEr or

. Y
ARSI NG ACTE VA o RENG SR AL g U
Or "G D01 a7 Sy FoiTARTRH§1 A BSKS U] 5 2ty LR RRH b GEGE
po ry pl ) a?ﬂi t i
the form of n?a%hqﬁg? g\t/icg%g%?tegcr?%bnge%edeﬁ(n%rfgo%s tgrma eLi?)goss?ble to minimize
20 the power reflected on each applicator 92.

Figure 3 illustrates a first example of a reactor 99a for a plasma production
facility, using application devices 92 of the coaxial applicator type with an
impedance maftching device 97 for each coaxial applicator 92. The coaxial
applicators 92 emerge in the treatment chamber 90 on the cylindrical wall of the

25 reactor 99a. This first reactor 99a is a deposition/low-pressure etching reactor
where each elementary plasma source 91 further comprises a magnetic structure
98 designed to create a magnetic field which, coupled to an electromagnetic wave
with a given frequency, makes it possible to produce an electron cyclotron
resonance (ECR) plasma.

30 In that case, the elementary plasma sources 91 are said to be elementary
sources with ECR coupling or dipolar sources. The magnetic structures are

traditionally made in the form of permanent magnets 98, for example formed by



cylindrical nmagnets (magnetic dipole), positioned on the ends of the
coaxi al applicators 92. This type of reactor 99a, inplenenting
a technique for exciting the electron cyclotron resonance pl asng,
commonly called FOR, is particularly well suited for 5 applications
i n physical vapor deposition (PVD) or plasma etching, by using a
substrate hol der PS that can be pol arized and a target hol der PC that
can be polarized, which are positioned in the treatnent chanber 90 on
two other opposite and parallel walls of the reactor 99a. This type
of reactor 99a is also suitable for plasma-assisted chem cal vapor
deposition (PACVD), hybrid nethods conbiyning 10 PVD and PACVD, and
reactive spraying. This type of reactor 99a typically operates at
pressures bel ow a pascal, ( several thousand
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the chemical deposition methods work very well in an intermediate pressure
25  range, in the vicinity of 100 pascals (Pa), thereby making it possible to obtain high
deposition speeds, but can operate more accurately from several pascals to

several tens of thousands of pascals depending on the applications.
These fraditional facilities for producing a microwave-excited plasma
nevertheless have many drawbacks, which are also encountered in the microwave
30 treatment facilities applied to chemistry in treatment chambers of the reactor type,

agri-food in treatment chambers of the heating cavity type, etc.

A first drawback pertains to the limitations inherent to the impedance
matching devices 97 to match the independence on each application device, such



to optimze the transfer of power or electromagnetic energy, in the
case at hand a m crowave power or energy, between a transmtter, in
this case the el ectromagnetic wave generator, and an el ectri cal
receiver called a load, i.e., the plasma confined in the treatnent
chanmber. 10Thus, as described above, in a mcrowave treatnent
facility, it is traditional to use one or nore inpedance matching
devi ces situated between the application device and the

el ectromagneti ¢ wave generator, in order to optimze the perfornmance.
The i npedance matching is said to be optinmal when the power reflected
by the plasma is zero, or at |east as | gw as possible. 15However, any
| oad, such as a plasma, a chem cal or gaseous reactive mxture, a

solid product tc., s_an_i.npe ce that varies over tine as a
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its geometry, the surface state of its walls, etc.
Thus, the more application devices the installation has, the more

25 complicated and resfrictive the impedance matching is, in particular if each
application device has its own manual impedance matching device and matching
must be done for each application device and optionally for each operating
condition. An impedance matching device may assume many forms and can also
be integrated into the applicator.

30 In reference to figures 2 to 4, a coaxial impedance matching device 97 with
dielectric generally comprises two rings 970 concentric to the coaxial core, said
concentric rings 970 being movable along the axis of the coaxial cable 94 to vary
the impedance at the input of the impedance matching device 97. The concentric



During a m crowave treatnent nethod, the operating conditions often
change during the method, and users generally perform an average
adj ust nent and set inpedance matching devices. In this way, the
i npedance matching will be 10 acceptable for the various operating
conditions used during the nmethod, but will not be optim zed for each
operating condition, unless the user manually redoes the matching
each tinme these operating conditions change. It is also known
to use automatic i npedance matching devices in the field of plasm
production, which integrate electronic control devices controlling
the 15 novenent of the nmechanical el enegts. However, these automatic
i npedance mat chi ng devices are particularly conplex and costly due to
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In a first exanple facility, illustrated in figures 1 and 4, the
application devices are distributed in a sane plane, called source

pl ane, based on a given 20 nesh, for exanple square or hexagonal. By
distributing the power transmtted between these application devices
equitably, a localized plasma is obtained at the end of each
applicator and, by diffusion, a substantially uniformplasm is
obtained in terns of density of the plasnma at a certain distance from
t he source plane. However, noving further away fromthe source plane,
it is possible to observe a 25 density variation of the plasma. In
this scenario, we refer to surface unifermty of the plasma, as this
corresponds to a uniformty of the plasma in planes parallel to the
source pl ane. N the second exanple faciljty, illustrated in
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dimensions and shape of the treatment chamber.
In a first example facility, illustrated in figures 1 and 4, the application
devices are distributed in a same plane, called source plane, based on a given
20 mesh, for example square or hexagonal. By distributing the power transmitted
between these application devices equitably, a localized plasma is obfained at the
end of each applicator and, by diffusion, a substantially uniform plasma is obtained
in terms of density of the plasma at a certain distance from the source plane.
However, moving further away from the source plane, it is possible to observe a
25 density variation of the plasma. In this scenario, we refer fo surface uniformity of
the plasma, as this corresponds to a uniformity of the plasma in planes parallel to
the source plane.
In the second example facility, illustrated in figure 3, the application devices
are distributed in crowns on the cylindrical wall of the cylindrical reactor. By
30 distributing the power transmitted between these application devices equitably, a
substantially uniform plasma is obtained in terms of density of the plasma at a
certain distance from the cylindrical wall. It is thus possible to obtain a uniformity
over a large volume of the treatment chamber, and we then speak of volume



frequency of an electron in a static or quasi-static magnetic field
is equal to the frequency of the applied accelerator electrical
field. In other words, for w= wp, the electron cyclotron resonance
condition is obtained, the conponent of the speed of the el ectrons
perpendi cular to the magnetic field B increases, giving the el ectrons
20 a helical spiral trajectory (the trajectory perpendicular to the
field lines Bis a spiral). Thus, a significant anmount of energy is
transmitted to the electrons, naking it possible to ionize the
neutral species of the gas easily during collisions. This type of

pl asma operates in a pressure range of gpproximately 10-3 nbar (0.1
Pa), which corresponds to a pressure |ow enough to allow the

el ectrons to_acquire, 25 enough ener. between two col |isiqns,  but not
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eachi g of S5aTE 26 bEVES Moo st IRenome, pltROH BRrggocitpular
m crowave t eeathwsetisiiioy(the following®gpatetuci ng a pl asma that uses a
solid-state genepatpfdcopgxcite the plasma, using an anplifier on the

transm ssion |ine of the wave. Thi at ent i cation scr.i bes the
oo b TRty of Skt B S e, ARt B e e e 1% proe of
control | i ngessirgn.a traditional "matching unit" matching device, with
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pl asma éRXci ealigligal seithriTajemiory (the frajectory perpendicular to the field lines B is a
spiral). Thus, a significant amount of energy is transmitted to the electrons, making
it possible to ionize the neutral species of the gas easily during collisions. This
type of plasma operates in a pressure range of approximately 10 mbar (0.1 Pa),
which corresponds to a pressure low enough to allow the electrons to acquire
25 enough energy between two collisions, but not too low for there to be enough
ionizing collisions to mainfain the plasma.

Thus, the creation area of the excited species depends on the magnetic
field B and the frequency f of the emitted wave. However, currently, it is difficult to
monitor the location of the creation zone, in other words, to monitor the resonance

30 surface, knowing that such monitoring may have many advantages to modify the
density of the plasma and therefore to optimize the performance of the installation.

The state of the art may also be illustrated by the teaching of patent
application EP 1,643,641 A2, which discloses a microwave treatment facility by



15 To that end, it proposes a facility for mcrowave treatnment of a
| oad, conprising at |east one application device for applying an

el ectromagnetic wave in the m crowave range; at | east one

el ectromagneti ¢ wave generator in the mcrowave range of the
solid-20state generator type, connected to at |east one application
device by neans for guiding the el ectromagnetic wave; - a frequency
adj ust nent system for the or each generator, designed to adjust the
frequency f(1) of the el ectromagneti c wave produced by the
correspondi ng generator; 25 - a neasurenent systemfor the or each
application device, designed to neasuregthe power reflected PRO by
t he correspondi ng application device; and automated control means
connected to %pch fre@uen ﬁ ust 5#t stem nd de5|gqﬁ o cont r ol
t he adj ust nBHG9thB ?V‘83 &y ‘é 5 yO'6YS'E egeéleé% ¢ RUE by'ne
the or eachafhcaupliercyn @djtw@sm@ﬁtonsfy@mémeawawecJﬁmtent@mpttmoowﬁeqmbes
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as input and [e ecte omer ?
the o eacneniadlifomEyd dir’ Tethg WL UG preggigpnidned
f requency ad]‘a)rélaﬁ’éﬁt systemto vary t he frequency 10) of t he
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fol l ow ng r‘a‘]eat' Qsmr/]aill J% m_OI'II?( @e res)onance surface in the particular case of
facilities using the electron cyclotron resonance plasma excitation technique.
15 To that end, it proposes a facility for microwave treatment of a load,
comprising

- at least one application device for applying an electromagnetic wave in the
microwave range;
- at least one electromagnetic wave generator in the microwave range of the solid-
20 state generator type, connected to at least one application device by means for
guiding the electromagnetic wave;
- a frequency adjustment system for the or each generator, designed fo adjust the
frequency fyn of the electromagnetic wave produced by the corresponding
generator;
25 - a measurement system for the or each application device, designed to measure
the power reflected Pgy) by the corresponding application device; and
- automated confrol means connected to each frequency adjustment system and
designed to controf the adjustment of the frequency f; of the electromagnetic wave
by the or each frequency adjustment system and connect, on the other hand, fo
30 the or each measurement system in order to:
e1} receive, as input and in real-time, the reflecied power measurement Pgg
from the or each measurement system; and



By inplementing the adjustnent of the frequency of the

el ectromagneti ¢ wave produced by the or each solid-state generator,
whil e of course remaining in the mcrowave range, the invention makes
it possible to sinply and effectively 15 resolve various probl ens
raised by the state of the art. In fact, the frequency directly

i nfluences the reflected power, and therefore the inpedance matching,
the transmtted power, and therefore a uniformty of the plasma, and
al so the resonance surface in the case of facilities inplenenting the
el ectron cycl one resonance plasma excitation technique. 20The
invention consists of using one or noregsolid-state generators and
one or nore frequency adjustnent systens (in this case one generator)

making it possible to v t he frequency of the el ectyfomagnetic wave
generat ed by PR CHBAEHIBHAT REC BPTENGY Ackisr sYslm orfly 434 [reodingy e
generators, alfg®fdbé lebattiohegheiinngretiredusadebyt teensi sadr gelé&rator, until at
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oy ogr am on . corl ey Sisete Pl Hisudessied By AR A Shgl TearTBHSdL BT
In ternsdof definibstantisliyofeactas pinsereforenss valveVrPTD) corresponds to

the power transmyihedol¥r fA%raRBY PSAbY b S Pphlidatiol delielsBBstanfdy)
corresponds to the 0 power CGgfﬁ{eect ed the ap |I(f‘atl on gew o

e )
SN Dort espondEBER o SPRUICIHET st oIt alfgir e TRGeTRgE power
application deviwuresppndiyg t tre thescliffeacrent demteeert oihe tindiderntngiodent Ping
power Pi No) bei ngaRavidd foxhk RErrBOWRIGINY SPpiiERbnEVIdeSfIGRE @6MREd dower

generatgor, to within the feed | gsses, if a generator. powers,_ a ngl e
and samtd appl | cHMonMGETHTER. On Al GATR (AReNGHIGBEPYRE, (§ir dae following
preferred uses, tahitiohship:e’mot PReeedgarily limting, can be
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this way, ithe sigowaverangeo the inventien makeerit pagdiljie tto simply poricheffedtively
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since it de wer transmtted to the | oad,

_ _ ends, inter al/a, on the po _
whi ch in tuF??%@B%%@?S'Bﬁ ef‘ﬂ%“f’%%%‘&f%‘% mat ching, therefore also on
the freglency, site@Evenlian ¢ansistrepicesing tre or more solid-state generators and one
or more frequency adjustment systems (in this case one generator) making it
possible to vary the frequency of the electromagnetic wave generated by the
corresponding solid-state generator,
The solid-state generators, also called electromagnetic wave transistor
25 generafors, are in fact well suited for varying the frequency of the wave
automatically (for example with a computerized monitoring program on a computer
or with a robot), for each application device.
In terms of definitions of the powers, we have: P corresponds to the
power transmitted by the application device (i) to the load, Prg corresponds fo the
30 power reflected by the application device (i), Ping corresponds to the incident
power transmitted to the application device (i) by the associated generator; this
incident power P being equal to the power provided by the concerned



15 i npedance nat chi ng. In this first use, the invention nakes
it possible to do away with the inpedance matching devices in certain
cases, but in other cases, it offers an additional degree of

adj ustment for the inpedance matching w thout conpletely elimnating
t he i npedance mat chi ng devices. Thus, if the inpedance adjustnent is
20 satisfactory at the beginning of a nethod (wth or without the use
of i npedance matchi ng devices) and the | oad beconmes m smatched (for
exanpl e during a change in operating conditions), then the invention
makes it possible to match the inpedance once again by varying the
frequency f(i) of the electromagnetic wave, for the generator or for
each generat or individually 25Thus ow ng to the invention, whatever
t he cause of the | % ce dISC at . the be i nni n or durln he
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possible t Olrptapsglectwe ofqp{e Yype of a%phcatlon device. In fact, the invention is not limited to
a specific architecture of the application device(s), which may be of the coaxial

30 applicator type (with or without magnetic structure), discharge tube (surfatron,

Evenson cavity, downstream source, semi-metallic plasma torch, etc.), antenna,

waveguide with dielectric window, etc. type.



25 the frequency fo) for the or each application device (i), the
reflected power PR) or transmtted power PTO) on each application
device (i), whether to minimze the reflected power PRo) out of a
concern for inpedance matching or to cause the transmtted power Pm
to assune a predefined value. In fact, for each application device
(i) (i being an integer conprised between 30 1 and N1, N being the
nunber of application devices), the transmtted power PTO
corresponds to the difference between the incident power PiNo)
transmtted to the correspondi ng application device (the incident
power being equal, to within the feed |g@sses, to the power provided
by the associated generator in the case where 13 a generator powers
a single application dev ce d.the ref ect ed power
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example fo produce progressive depositions, non-uniform depositions, or
depositions with controlled deposition speeds.

In the first two uses, the invention makes it possible to monitor, by varying
25 the frequency f; for the or each application device (i), the reflected power Prg) or
transmitted power Py on each application device (i), whether to minimize the
reflected power Prg out of a concern for impedance matching or to cause the

transmitted power P to assume a predefined value.
In fact, for each application device (i) {i being an integer comprised between
30 1 and N, N being the number of application devices), the transmitted power Prg
corresponds to the difference between the incident power Py transmitted to the
corresponding application device (the incident power being equal, to within the
feed losses, to the power provided by the associated generator in the case where



O course, the inventionis not limted to this specific frequency
range, or a given central usage frequency. The present invention is
valid in the mcrowave range, and the choice of frequency range wl|
essentially depend on the 30technol ogy of the solid-state
generator(s) used in the facility, as well as the standards and/or
regul ati ons in use. According to one possibility of the
invention, the facility conprises at | east two generators each
associated with the frequency adjustnent systemand at |least 14 two
application devices, each generator being connected to at | east one
application device. In this configuration, each generator
delivers its el ectromagnetic wave to one or nore application devices.
By using several qenerators Gb £?55|b| ties for 5 individual
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sub- gener at associdted gexaxefpre, for a solid-state generator delivering a
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power approximately 5725 and 5875 MHz, or even in another predetermined frequency
20 range belonging to the microwave range.

For example, in the case of a variable frequency range between 2400 and
2500 MHz, the generator delivers an eleciromagnetic wave with a central
frequency of 2450 MHz, with a variation of plus or minus 50 MHz around a central
frequency, thus remaining in the microwave range; this variation over a total range

25 of 100 MHz making it possible to respond to most of the issues encountered in
terms of impedance matching around 2450 MHz.

Of course, the invention is not limited to this specific frequency range, or a
given central usage frequency. The present invention is valid in the microwave
range, and the choice of frequency range will essentially depend on the

30 technology of the solid-state generator(s) used in the facility, as well as the
standards and/or reguiations in use.

According to one possibility of the invention, the facility comprises at least
two generators each associated with the frequency adjustment system and at least



25 refl ected on each application device is done by adjusting the
frequency on the correspondi ng generator, independently between the
application devices, thereby limting the problens of interactions
bet ween the application and division devices of the el ectromagnetic
waves. Furthernore, it should be noted that the frequency
fo) for the or each 30 generator is adjusted in response to an

aut omat ed command whi ch the automated control neans, for exanple of

t he robot, processor or conputer type. The advant age of
automated control means is being able to performan automatic
frequency adjustnment for each generatorqq for exanple until the
reflected 15 power PRO) is mnimzed on the application devices (i),
for inpedangce mat ching, nonitori of the transmtte ower_ . Pro), on
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N() to reguF@tresnongdingraansrater élepenggntipejween the application devices, thereby
limiting the problems of interactions between the application and division devices
of the electromagnetic waves.

Furthermore, it should be noted that the frequency f; for the or each
30 generator is adjusted in response to an automated command which the automated

control means, for example of the robot, processor or computer type.
The advantage of automated conirol means is being able fo perform an
automatic frequency adjustment for each generator, for example until the reflected



16 In one particular enbodinent, the first reference val ue VRO)
corresponds, for the or each application device (i), to a m nimum of
the reflected power PRO neasured in order to performinpedance
mat ching on the or each application device (0; that mninmm
optionally being equal or close to zero. That reflected 5 power
m ni rum may of course correspond to a predeterm ned threshol d
refl ected power that is set by default in the programor by the user,
either in ternms of threshold power expressed in watts or in terns of
percentage of the ratio of the reflected power to the incident power.
Thi s enbodi nent therefore | eads to i npegance matching, the first
reference 10 value that the reflected power PRO will reach on each
application _devige (i). .follow a_feedback .| 0o is. set .
20bst ant i al PGt PSu st minfiiasd .1 BapRBhaR B iea? R Jo8icfiiangs matchin,
whi ch resul Menjteringuadnliei tansnyitied maweri Aoy tdve thee fapelsadian pdavigesPROENEN
ei'icht appl i Cﬂ’idnﬂﬂriﬁt?&ﬁtﬁ? rééo%wah&e Mﬂf&éﬁeﬁgf t het L r equengy fo) OI L he .
el ect romagnetic ve. .l n.other words, r e j.npedance chi. e
Sutomated 15 oty GmisbiRENLpe A ol Rle IiEatdRds R Y, e 'O
m ni num df Meditpddg the eafleploderovrrdirii allovdugthe impedanpe ceateling (candbioe
advant ageousg),eiraqer ﬂ%ﬂbtiﬁ@ﬁ@tr&ﬁ'@niﬁé@ bbWéYP &R TP pariedas@MRIhglit possible to

|

ot \ | . |
ToFeaon apBh DL Bt el TESRIEL LA BriplaS iy TRR
that is i deReweaPrhdy Eoyieadhe Feauenrcyalspyliscint menitaling the dranisiitteslopewer

in particul @,tend Av®lelsheinodthéd womB! theftwd caRditionsm Nead b greQiubBlaR6aTR
in vol unpg or.l .8 {face in the treatnment chanber, at a given distance
(el

from the walP eliniting said treatment chamber, by distributing
t he power transnfFagheapriisatoiedevinedilNss eaitasapnding fist teiprepce Yalig Vig of
<23 gbodi rrenL tt}’]g:e{eeé@tée pb@Bt! fm ahf) se@adl r@tejré\g:e\t/\\;]ajmet Vanmatte t@hslmmf pdA &)
on eacC e ce S I u .
i nteresti nge)F@'r mp?tg%?r_%b%rrgt w%rg}sege?ée/{l]ctﬁ rE}ILr%éS) Yé‘?ﬁ‘h%b%&f’ Qﬁré;%ﬁ%b%%ersg‘lg'{'%,equal
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power Povo) b) by varying the frequency f; of the electromagnetic wave for the application

device (i). Thus, the impedance matching {condition a) or the regulation of
25 transmitted power (condition b), for example in order to obtain the uniformity of the
heating or the plasma, is done automatically.

More generally, the reflected Prgp or transmitied Pr; power may be
regulated automatically by the control means according to a feedback loop by
varying the frequency f; of the electromagnetic wave, irrespective of the type of

30 application device (i}. As more specifically described below, it is of course possible
to consider playing, in addition to the frequency fj;, on the incident power Py to
regulate the transmitted power Pr).



To favor the obtainnent of a uniformheating or plasnma, at |east at
certain 5 distances fromthe application devices, each application
device (i) will therefore receive the sane set point VCT for the
transmtted power Fro), such that the transmtted powers PTO of the
different application devices (i) are all equal, know ng that the

i nci dent power PINO) may vary from one application device (i) to
anot her. 10For exanple, the application device (1) has 150 W of

i ncident power (i.e., PiNo) = 150 W and 10 Wof reflected power
(i.e., PRO = 10 W, while the application device (2) has 142W of
incident power (i.e., PIN(2) = 142W angs 2Wof refl ected power (i.e.,
PR(2) = 2 W. Thus, the application device (1) and the application

devi 2) f h t it at it to, t | P .=
(e ety L 190 VP Chrite et Brerbei gt b RS o B s et
power PRO) fher ot leachmmpiieationodevies;i(iteto @) minijpecef the reflected pewef Pr@
W gnd P’ar' n?ﬁbg@reﬂeifﬂ @?ES{% @gM@rrrT ﬁﬁégdanfcng%ﬂ&ﬁifngpM etk %@cﬁl%édpﬁ%tiéaa)
Su ecC (0] e Vv u . avyl . on r uenc (0] 0, e,

oot b mandefied T Gap hiditur bpforly MRk S (GRS R e g il
and on the peweumitdpum(myy of cauiee epreesnco e Adtrpeetaminedihrestwld reflected

alppl icati _Ogro@?r ﬂ%}t’i@%e( %%(hMa&Ihﬁzdﬂ{e{ﬁﬁfogP&H%lgl t;{ tRPREEC &théy Ecni Eeﬁ'*n§ of
al SO 0SSl e 0 a on e | . NCl 10] I | 0 ea 0 [&
Son i ot T ontedIL b8Ye S xS ad i AR oL B oF b BRGE X I grale S e
t he appl i catdfigatedepmesso {hie)incident powal.t ernatively, and still in the

context of condithiganhdiisht tHieeorRIMEAE iampRliakiembicAng MHetiRst reRYE e

PT(1), i1t is_als ssi bl e to consider fhe automated conptrol means,.
o5 var yiihg DReRah SRR PISt RRET 551 wll el L RerD P ABR SR ().
i nci dent poimiowPang fersibakltloarhés seapgmtantisty powero, PTE) laask gbs Minbrwm
one appl i cabb&udsBRY valge( whidhordshies @ BefomatiBalyhhinigdsy tHdrefeeeansbwer
reference val ues VT&%? ar ‘jcn?tn ac] lv' [ dmtbcal 89 as foer ue>n<ar’rpfl_e(_,)tfothe
obtain a cohf?ofl'eddi sPdt'! ?S? of*If& Nea anar%ngl s%q A rhe®
treat ment chlgsbemagagitivavealn ehaawpids, ios thf impedanessmajchingn e yprested
for a desiresntdl shadrst willorry e ap@ldreqtil amtdevhieRsum ioh tRaFéfieetddapoder
conpensat e g,dgfs @%ﬁfct S or to create a power gradient transmtted
along a |ine® ication devices so as for exanple to 18 perform
progressi ve depodfaarding o sieaadvantagapisabmeoflimenisineye i fagdity comprises
Ejr eat ment, @téyé?QIr£WIiﬁht?ohrpgé\@é&3§), \ﬂ% @Bcﬁbé‘h@l’eifé‘rgnéﬂ valhe \%;@i@ﬂ@nds, f%r
uring a conti,nUous aod. .. ccordin Q_.0ne S%I i e
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(i), th&laurapnpbthecanmlisationiayivssdnesaoninerartieliaciotfagor the obtainment of a
uniform heating or plasma in volume or in surface in the treatment chamber, at a
given distance from the wall(s) delimiting said freatment chamber, by distributing
the power transmitted to the load substantially equitably.
This embodiment therefore results in regulating the transmitted power Py,
25 on each of the application devices (i), which is particularly interesting for plasma
methods requiring considerable uniformity, this automatic regulation of the
transmitted power Pyj on each application device (i) seeking to obtain the same
transmitted power Py on each application device (i). In other words, the goal is no
longer to systematically minimize the reflected power Pgrj on each application
30 device (i) (for the impedance matching), but have the same transmitted power Py
on each application device (i).
Thus, to regulate the power transmitted Pr(;, to an application device (i), the
automated control means vary the frequency f;, and optionally additionally the



5 or each generator so as to receive, as input, the value of the

i nci dent power No associated with each application device (i), and
the control neans are designed to neet condition b) by carrying out
the foll owi ng sub-steps during the nonitoring step e2): e3)

cal culating, for each application device (i), a set point VCRO) of
the refl ected 10power PRo) corresponding to a power transmtted PTO
by the application device (i) equal to the second reference val ue
VTO), i.e. VCR(i) = PINO e4) nmonitoring, for each application
device (i), the frequency adjustnent systemin question to vary the
frequency fo) of the el ectromagnetic waywe produced by the associ ated
generator, so as to subj ect the reflected power PRO to sai d set
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means pl ay, knewing featghe ermﬂﬁr&wgméé’wmaﬂéafycféomw@temmhcatm deviaguinioy
and the i ncghagRLr. power to neet condition a) and/or condition b)

Additiopally, playing on the ingcident K 0SS act
Co et thE the Febl Sarile e ApbfcalpRasPBa ThLMET TEn Al oF Tlen Bobr (i
transm t t ed Ppower 159 hé's eancwd0 piwet seftastads epwers (idepErdi ﬂgiOOMV)bOYhﬂetWé
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followng r %hgth RE%% %h ty%uencyq(g)l\gfqple elec(ropnagnetlc wave on the application
20 device (2) on the other hand. If applicable, it is also possible to play on the incident
power Py on each of the application devices (i}, by acting on the generators
associated with the application devices (i).
Alternatively, and still in the context of condition b) and the regulation of the
transmitted power P, it is also possible to consider the automated control means
25 varying the frequency f, and optionally additionally the incident power P, so
that the transmitted power Py varies from one application device (i) to the other.
In this case, the second reference values Vyj are not all identical, so as for
example to obtain a controlled disparity of the heating or plasma in the freatment
chamber.
30 This alternative is of interest if one wishes for a desired disparity on the
application devices, in particular to compensate edge effects or to create a power
gradient transmitted along a line of application devices so as for example fo



This technique is advantageous, as it nmakes it possible to play both
on the frequency -10) and the incident power PiNo) in order to neet
condition b), and therefore regulate the transmtted power PTO. It
is of course understood that it is 10 possible to vary the set point
VC, No) of the incident power PIN@during adjustnment, to ultimately
obtain the best regulation of the transmtted power PTO). In
one advant ageous enbodi nent where the facility conprises several
application devices, the control means are connected to the or each
generator in order to receive, as input, the value of the incident
power PIN(i) associated with 15 each application device and control
the or each generator in terns of power so that the or each generator

delivers a %iﬁéen inci dent power. Pl N‘SB%’ and. pe. onttrol neans taret
desi gned t oFreet" B"o‘{gﬁesczsb"r?a‘?‘?ﬁo&ﬁ@”%) 4 Hao)’arlﬁ}’ T IHSRHtY SuBage frratment, or
fol | owi ng sabHerepprefiessig mheitarogiof die trptoeeipdwizp:a contiegyusmeihedr i ng

each frequency afpdtsdinBnb cheSheBHiRy vatNe tRenfidie AHerchel aklityoborhhises
20 electronagnetlc OﬂCGfQ@d %fnerator u

ve produc t he ti

condi t1 on aperent eptBdenieiE 0 R0 s fE Ve Es el s
the firshP cor regpoerkralgr sefasrieneesivaalagenmiy( ihg; value efthe drdidant aoivag Ping
for eatF:)_h Ng)pﬁbédb?été@ﬁlitg%\ébﬁ?pplﬂ:af@rﬁ d@@@:éf\(i),\gﬁb Mi@a;orgf% Hé%né tlafé 885i¢ned to
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appl i cation ”!f%x‘n"@i&gg%&ﬁ q’tyocai'gf%ogte@l(?n%ﬁ?"gg%rsé'h'cs eRf)afj%Q\% mofitging
VCIN(j) = VREP)e2k v-1-(1): e7) controlling the or each generator so
tha% it d;el bssegéxc@uate:ﬁ 1ol gadh Qﬂyriﬁétid?i B@Oi%@ti),tétlggﬁsé;nﬂovtta(g oV ehd\eBfleche
as 0 condl 1 on . . | S enpoal en I S, agvan eous Sl hce
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condi ti on apapalid thenegcend refewnsa valupdgul i Véviof Prhe V30 refl ect ed
pmg/er Pit r?) e4Lﬁhoﬁ%ﬁrig@Edr?\\aracﬁlébpinfatiéﬁ)ﬂ@ﬂﬁl\g (iz,Qlﬁe 'rra@t %i@p?;e%qm@rgisv(gt)em in
an nex 0 (0} | n r nee onalrtil on an
Therof or e oABERECBtE A0 Loy T nE e oleihefis WeeyToyited 6 the
particul ar @880cHted JeBHEE™NSP 6 tarsiubischiheyrefpcted omearngo maid Belsprint.
20 150 VERKI se, during the adjustnent of the incident power Piwo)

t 7)), th f
Cher o or & 1 he § nis ti t8lohdredsie e B POURE P af Pt fifwer P for
set poi nt VER@ rBpPlicaliemdaviced (. s9l amipsmesikeangitionty. art heneforeheguletautie
val ue of thqahgﬁitt@qtpgwepp\t\@r PRO). Thus, the nonitoring step e2) 5
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out, befor ee%],ean%{urgégtt &ﬁ’]dﬁ%}ms ae)l a%ld%rsot),et%/ ﬁ‘n%}ut&fl}?gt both the or each frequency
adjustment system to vary the associated frequency f;, and the or each generator
to vary the associated incident power Ping).
25 In this way, the control means play, for the or each application device, both
on the frequency and the incident power to meet condition a) and/or condition b).
Additionally, playing on the incident power makes it possible in fact to refine the
regulation of the reflected power and/or the transmitted power, these two powers
themselves depending on both the frequency and the incident power.
30 Advantageously, in the context of this dual frequency and incident power
control, the control means are designed, during sub-step e4), to monitor, for the or
each application device (i), both:



10consi sts of controlling the or each generator so that it delivers
an incident power PiNo) at a value close or substantially equal to
the second reference val ue VT(). This sub-step e8) thus nakes
it possible, before playing on the frequency f() during the sub-step
e5), to have the incident power No cone close to its final value,
I.e., the set point VON(I). Thus, the follow ng sub-steps are
successively 15carried out: e8) initially, the control means nonitor
the or each generator to adjust the or each incident power PIN(j) to
a value close or equal to the second reference value V-r(1l); eb)
adjusting the or each frequency f(I) tolgreet condition a), so as to
regul ate the or each reflected power PR(j); 20e6) and e7) once the or
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f1) cal cul atftatnsBibgeCrf) EegUgpew-ff (1), for the or each frequency

adj ust ment  Syst eg; ?&Jh%@@%gggaﬁ}té%o shad %a%@i@%é}g:‘éﬁép%&ﬁ;ﬁ%%% on the

el ectron cyclotron resonarice s e Tolf the or at'ron

devi ce; 30f frpawrsisvt or and dhe dagiderdppwealPivorindefgetdo regpt gandiigenkly and
aflj utst Ment  seséiens royuiite id @anérmttaﬁlpewteheT(;‘,.riewJ@m@qatrée( Undertoblienat it is
el ect rogagn , e Qr r , e
R s e e
resonance sift piiatebf obtai the bealdRoWptn efdbe HAnseiied @ovweakres t he
correspondi ng predeherduivasdgedldiembodiment where the facility comprises several

application devices, the control means are connected to the or each generator in

order to receive, as input, the value of the incident power P associated with
15  each application device and control the or each generator in terms of power so

that the or each generator delivers a given incident power P, and the control

means are designed to meet both conditions a) and b) by carrying out the

following sub-steps during the monitoring step e2):

e5) monitoring each frequency adjustment system to vary the frequency f of the
20 electromagnetic wave produced by the concerned generator until condition a) is

met, such that each reflected power Prg is equal to the first corresponding

reference value Vg,

e6) calculating, for each application device, a set point VCg of the incident power

Ping) corresponding to a transmitted power Py by the application device equal to
25 the second reference value V), i.e., VCuy = Vry) + Vg

e7) controlling the or each generator so that it delivers an incident power Py at

the set point VCing), s0 as to meet condition b),.

This embodiment is advantageous, since it makes it possible to play first on

the frequency f; to meet condition a) (and therefore ensure regulation of the
30 reflected power Prg, in particular out of concern for impedance matching), and

next to play on the incident power Py to meet condition b) (and therefore ensure

regulation of the transmitted power Py, in particular out of a concern for uniformity

of the heating or plasma).



In the specific case of an electron cyclotron resonance (ECR) plasm
excitation technique, the invention thus nmakes it possible to vary
the value of the 5 electron cyclotron resonance surface by varying
the frequency of the wave for the application device(s), and
therefore nonitoring the geonetry of the creation areas of the

pl asma. Varying the resonance surface is an additional advantage of
varyi ng the frequency, since that resonance surface is a paraneter
that influences the characteristics and performance of the plasna.
10l n one particul ar enbodi nent, the or each application device
conprises a magnetic structure, and alt® natively the magnetic
structure is integrated into the treatnent chanber and not the

appl i cation dev'é?éourse d I'Inén[hé Q@Jelﬁﬁ?&t%ff tﬁ&fn%;dgﬁ‘ﬁocg e?? ulé[ Hsgep S?ﬂi the
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bei ng situatgddl,sthe end of the applicators described above, the
resonance area WIF nove away fromthe plasma application device if
the frequency i shdtageopdy( §hﬂc%°f‘[t'f% Hegifetde feenedalseo agecuing ele
nmovi ng away nfdnamlmgwet@pém Gatdany dlavbefels tHeheueblepnedd| agsubstpesesi) hhat
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to concentrate tTidsculeatdposs)ahesamekessiepdssilldeoefgrp lplayity emnthadhdquenant)
therefore i BEfiRP IR %msggr@da,t Voh%velt 18 RLASBLARGE LY cofe! 14O &@rlﬁﬁal
al so increases 1he [osseS on'the e enentar¥ sour ce. he
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30l oad, 16onpaifriedrgtt he fol [ owi ng steps: - generati ng at | east one
el ect romagnegi (it eH’\é '&oétgcﬂ W?}ﬁ@l@&eeéﬁﬁ' us(?ﬂ?e or & each
solid-state genera or each e ec rorra

to at |east ‘WP@“&BBW%&M) Ehe a@w&@ssprteﬂ@a é‘l’ﬁ&ﬁ‘%’iﬁﬁ%l‘@?fe@c%@’ée Vioy
appl i cat i onebyatijhstirey theareaahpteqoatdyofy tdewéatecontitibha),cso0 @amhregulate the
el ect romagngt LG -WRYiE«24 Bt?v%r boad 5 the nmethod being remarkable in
that it furt eré: n})rls ®p for autonated adj ustment of th
frequenéy of® Aed & 8%‘&91"@ %’c’% TERERST BOWRVBR 5 1geUlptRds digie éﬂ"éb? Rely
refl ected pewesraPRE)s 2t tbreeiddbr thechr egpplindadrtgowde Fngetoardétolts set point
regul at e th@ydr{sansmtted power PTO) by the or each application

device, with e fol | owi n st eps:
In one particllar embodiment, the facility further comprises at least one

magnetic structure designed to create a magnetic resonance field which,
25 combined with the electromagnetic wave, makes it possible to produce an electron
cyclotron resonance plasma, and the control means are designed to:
f1) calculate a target frequency Cfy, for the or each frequency adjustment system,
corresponding to a predetermined value of an electron cyclotron resonance
surface for the or each application device;
30 f2) monitor, for each application device, the frequency adjustment system in
question to make the frequency fj of the electromagnetic wave produced by the or
each generator subject to the corresponding set point Cfjp, so that the electron



pl) neasuring, for the or each application device, the reflected
power PRO) by the 10correspondi ng application device; and p2)
nonitoring the frequency fo) of the electromagnetic wave produced by
the or each generator, until at |east one of the follow ng conditions
is net; a) the reflected power PRO neasured on the or each
application device substantially reaches a first reference val ue
VR(,); or 15b) the transmtted power PTO by the or each application
device substantially reaches a second reference value VT(,), the
transmtted power PT(1) corresponding to the difference between the

i nci dent power Pao transmtted to the cdrrespondi ng application

devi ce and the refl ected power PRO neasured on that sanme application
devi ce, i t i 0 )

The aut omat | %cl&tfkﬁw rgédﬂ(%%ggs r%c@ bprﬂ%;rot?l e r{h )aroghéatlgp (%FV]JL% rggc@nes the
noni t ori ng Pﬁ'éeﬁpéﬂﬁ@étpé@p%@\%fﬂeq#@'e aI | owi ng t he i mpedance mat chi ng
(condition a), alndtHeospésipulkasd nf drheldetramsayciotrod eewedncBl (HOR) plasma
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30 Accordi tig trarasiedsties apd peifbiniaricy odthetflgsmavent i on, the generating
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generators, the &“a consi st
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(i), to1a mimégrateddhtotthe apefitation edvigeWwehud?RE)a bame azusiltesimager] & two

perform i mpaga f B&Mu&gtt%‘ rﬁﬁy% th%}q{en?&ma &3 d@é?eﬂteé{'oﬁﬁ r%()f?waom%t

m ni num opt i ona el n zer
my be set ¥P ua‘eng/éhe tt?ﬁeé@ﬁ%tl gh %B ¥ W%@“%Fe%%“aﬁcﬁlﬁwgﬁc%é{aééﬁtaégé‘
of the rati éuration bethedfdqeet®d power to the incident power. Thus, in
this enbodi ment, g§he Jre5DOR &oBRiaf QpMicRicR %@inb%r%@ﬁérﬁcﬁlg&&&v‘fﬁ% latter
20 generally being situated at the end of the applicators described above, the
resonance area will move away from the plasma application device if the
frequency is decreased (since the magnetic field also decreases moving away
from the application device), thereby making it possible to increase the active
creation surface (excited species, ionized species, radicals, etc.). On the contrary,
25  the creation surface may decrease by increasing the frequency, thereby making it
possible to concentrate the creation area close to the application device and
therefore increase the density of the plasma locally, although this also increases
the losses on the elementary source.
The invention also relates to a method for the microwave treatment of a
30 load, comprising the following sieps:
- generating at least one electromagnetic wave in the microwave range using at
least one solid-state generator;



10PRO) on each application device (i) in order to performthe
i npedance mat chi ng. Accordi ng to anot her enbodi nent where the
facility conprises several application devices (i), the second
ref erence value VT() corresponds, for each application device (i), to
a predeterm ned set point VCT that is identical for each of the
application devices (i), so as in particular to favor honbgenous
heating or the 15 obtainnent of a uniformplasma in volunme or in
surface in a treatnment chanber, at a given distance fromthe wall (s)
delimting said treatnent chanber, by distributing the power
transmtted to the | oad between the appta cati on devices substantially
equitably. Thus, to regulate the transmtted power PT0O) to an
application_ i ce. (i e , .SLS arvying.the i
frequency f g%)%w"@ntcﬁ](eo%ﬂt?_%%a?%%@a%qg%t'g&V%%Figtaﬁggﬁs et h%%'v%rdeme of
PIN(i), so theglestrimasmpée Wwavainsmitted to the application device P-ro)
PINO - PRO applica@itiby tre driich @bpieitibh d¥ide 8t @atipElethehagaiie wave
applicati onogetwé & PTO and PRO) being functions of the frequency
f0) and the’incident power Piniw. Utimtely, each application device
transnit8 tHe g@edboles reqagiableoin Hat delurthspspmprisasTa séeb fratdemaiedh
each a]E)pI i catfjugfmeiﬁlermf(éo)Jegby\pﬁthbsar\éaMz ekbiﬂoh@@%tﬂb@@ﬁfé@%étﬁ&e st
power from @ac [ devi ce. . . i_n
Phe. cont ext 15 roaBBitd, FaIeB=GRH' B or cam afsEIOF HpHES Bnafltofits e
power P-r o) frapgmitted owsr pow 8Y Bracoranch ehplicadien drecemwilivie fellopingsteps
}; lr ﬁt(?l_u;%ncy f GF) measatirgp foranalor )éaalﬁldbplidaﬂ@ip_lii%)/ibél&hé fﬂ@ﬂe}i&@m’[ pAUBKEFR(y by the
i), 480 - r t p r vari es from one
appl i cagléonggg\é/?p%@g?%%ptpg%ﬁh Gtr?g@?'. Qé(éﬁ t hat case, the second
ref erence vREUEWNAMH)S Hiedremenay fo PHER flealromagnetic wave pradyged fay thgt or
t he ;aci Ihi t yacClogPiidraws, uraileredstapplof ¢rlfolldwidg cbedtor(siis me;he met hod
may further c i.S e st n asuni ,
i nci dent pome%g{rrﬁeagesf%gtl%gt E%‘IK\?\': Fﬁ"’e@%hégggl%cgﬁ?ﬁ %%L\I:lhl %g?ﬁc@ﬁon devige
t he nonit or i nfubsigptigly)repghass treh@ferpese ¥ludYro& ryi ng out the
Eol) | owi ng sub-b)ahsttepsmitigadpovee Rl BY ithg or feath g@pﬁcaappldeoaéimSﬁaﬂél@e
i), a set poi e t ower - ndi to a
transnitted p({\%é?h\égﬁg% b%‘%"hg éé%Félnggt s%lr%'%d\é%"_’ceﬁe@ utgﬁsﬁﬁ?oﬁegés\g%on%m
ref erence val U@MespeRding tpe\gi@%rgnc_e lstypgn theyngident:power Pivgy transmitted to

the corresponding application device and the reflected power Prg measured
on that same application device, i.e., the following relationship: Prj = Pingy —

20 PR(i)-

The automatic steps p1) and p2) are particularly suited for monitoring the
reflected power Prg allowing the impedance matching (condition a), and for
regulating the transmitted power Py in particular making it possible to obtain a
uniform heating or plasma (condition b).

25 According to one possibility of the invention, the generating step consists of
generating at least two electromagnetic waves using at least two generators, the
guiding step consists of guiding each electromagnetic wave intended for at least
one application device, and the adjustment step consists of adjusting the
frequency of each electromagnetic wave independently of ene another.

30 According to another possibility of the invention, the generating step
consists of generating N electromagnetic waves using N generators, the guiding
step consists of guiding the N electromagnetic waves intended for N application
devices, where N is an integer greater than 2, and the adjusting step consists of



p4) nonitoring, for each application device (i), the frequency fo) of
the 10 el ectromagneti c wave produced by the associ ated generator, so
as to make the reflected power PRo) subject to said set point VCRO).
In this way, a feedback |oop is produced on the reflected power PRO
for each application device (i), by varying the correspondi ng
frequency f00, so as to neet condition b), and therefore regulate the
transmtted power PTO . 15Advant ageously, the nonitoring step p2)
nmeets conditions a) and/or b), by nonitoring, for each application
device, both the frequency fo) of the el ectronagnetic wave produced
by the associ ated generator and the incigent power Pimdelivered by

t hat sanme generator. In this way, one plays both on the
frequency and the incident power t 0, requl ar the reflected and/ or
tranem o1 earisiiane (1 ERTUssRR FonetucBrrbRads e e, MarrnpRay” B oRe
i nci dent po@epther. According to one possibility of the invention,

the sub-step p4)ineRsiatticulfenBichent M firdiQbfefdl vARR! VAL drRRpER, €8
(i), both: h thﬁ |er§l§:|%ent é)ower(. P& N@ del.i verep bey t he e%fncerng,d_
generat or at"%ChisPEH RHICHION, Ry 10 A RTERUTRGT (e JliSCIEs ROWEh Fro
t he freqienmpatardsb ashie nerfeon irpedanetinatoking op thrlacearhmpptieaion device

associ at ed gpngatahBimurt Opasndly BEME iR of efose s ercPMWE lasPRdin@dtbhagt
to the set poin satisf

e set Rl HLEE, 59U e % 0 e D i
possi bl e t orgflegiedimemer éntherieciddd pbwetuency fro and the incident power

Pi No) to nmeet comglig ?rﬁh@émb@d]ﬁ'aeﬁﬁﬁie?ﬁw@fk@dtéi’méWH{irﬂﬁn@zetth@ réfAfspdiad
cour.se ,unde

Pover 1611 pobbeisb SRR HIEF LR R R iy 1 OB bl
adj ust ment, so afdcadrtingeivetother embadimanhevhnsetthe elgalitvt compigest heveral
et T SRS lcer 4 1 cocdl AR SBNSOTYSORESRACRET
moni tori ng. Sbalrehd) SRIR U738 eR i B PRR oGP el b e
t he foll ow Hif aricglicspdevices (D530 ABIHN Paftickgr tohfaver kejoegrnpus bpatiig enhide
el ect r onpgnebiathnigit &f BIAHUEE glabihatiR@olFRNeR Bedadeine] RéAmeHNéHdmber, at
condi tion a) 5 Hltan S fOm e lafiRs Hefifitihg €46 drAMET 8 Dber, by distributing
the power transmitted to the load between the application devices substantially
equitably.

Thus, to regulate the transmitted power Py, to an application device (i), the

20 method consists of varying the frequency fp, and optionally additionally the
incident power Py, so that the power transmitted to the application device P =
P — Pre) is equal to the set point VCr desired for that same application device;
Prs and Prg being functions of the frequency f; and the incident power P
Ultimately, each application device transmits the same power equal to the set

25 point VCy associated with each application device (i). iIn this way, the load
receives the same power from each application device.

Alternatively, and still in the context of condition b) and the regulation of the
transmitited power Pry, it is also possible to consider the method varying the
frequency fy, and optionally additionally the incident power Py, so that the

30 transmitted power Pr;) varies from one application device (i) to the next. In that
case, the second reference values Vyg;) are not all identical.



is equal to the corresponding first reference value VRO); p6)

cal cul ating, for each application device, a set point VCl1.10) of the
i nci dent power Pirio) corresponding to a transmtted power PTO by

t he application device equal to the second reference val ue VT0),

i.e., VON o) =VT(1); 10p7) adjusting the incident power PIN@
delivered by the concerned generator to the set point VCIN o, so as
to neet condition b). Thi s enbodi nent i s advant ageous, because
it makes it possible to play first on the frequency fo) to neet
condition a) (and therefore ensure regulation of the reflected power
PRO), in particular out of a concern fogqinpedance matching), and 15
next to play on the incident power Pim) to meet condition b) (and

t herefore ensure, r uIat|0ﬂ]of the transmtted

ety eal o oot oy G s The? Tace o RS oSl bl thand e fitksofi¢ e
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ffect
and. (he | oL dgnh. Dbt Mo sl 20 MOS8 Sl Bt el YAy
account bhestepsual val ue of the reflected power PRO). Thus, the

noni toring %B?Eal@@l)atmgs for Gé(é}ﬁﬁbﬂzcaﬁor%@%bé"{'@% s&t fdint VCR({%%?HH& tdffected
whi ch may have itera onti nuou arp%)| n% hﬁ |vat.rl ations
of he rofl BhvELPEuAEreSRRdto A AtEriG PRURLRY By if)apeicaton Yeuied
25Advant age&gsiyo th&@eqtmﬂlr@feranng VslﬂJep/rp)Z)e f\CrdhePigonirisses, before

tP |h§o )sug Is:/ ga pr%bmtcﬂmgugrgﬁtc gaﬁbnrp@ppfl@guoﬁdlde&t:e ng), “ﬂﬁa lm,rcc{uggggt O@O\Wthe
C b bl Bl<Taitiot e FRUS SRS Re BUhe il aioties; 528 @'make i,
sub- st ep p8)eftei¢tﬁsi pravkes & rintsupjestiolsiaid sdigbimt &Cplyayi ng on the frequency

fo) 30 during tnmethwta/awgﬁe&ﬁ}ackt:@bdﬂ%vgroet]@ed eﬁltﬁgméﬂ&@é@eboﬁéﬂ\ﬂ%] for
approach its_final 2

Speciic cadBbrrRlrEphaevish oy by epa FBctiama bRy so = t
excitation teashaprfigon lv)hendrﬁ"tem@‘drecr@gplaitxﬁg transmigiedfromwegEmgr ati ng a

magneti g5 26 resaa@dm@;édugﬂydtmgmormgrﬂ@é;n?gl) Wb édﬁ@.rnghggse Eﬁ%gﬁ?tﬂyc

wave, nekes it .possihle to, prod

pl asma, and "THECHRY h I (S PP ﬁ%ﬁiﬁ s‘%é"cﬁheg%l |“E'ﬁu h@q‘éﬁﬂ%s 0 of the
r1) cal cul atiesyomagaetifewaie gyodursy dee @sepesiednginegatoo aad the incident
predet er m nedwerPWE defivered by that same generator.

In this way, one plays both on the frequency and the incident power to
20 regular the reflected and/or transmitted power, which both depend on the
frequency and the incident power.
According to one possibility of the invention, the sub-step p4) consists of
monitoring, for each application device (i), both:
- the incident power Py delivered by the concerned generator at a given set point
25 Vg, which may be variable; and
- the frequency f of the electromagnetic wave produced by the associated
generator, so as to make the reflected power Pgrj subject to the set point VCrgy),
which satisfies the following relationship: VCrgy = VCingy ~ Vg
This technique is advantageous, as it makes it possible to play both on the
30 frequency fi and the incident power Py, to meet condition b), and therefore to
regulate the transmitied power Prg). It is of course understood that it is possible to
vary the set point VG of the incident power Py during the adjustment, so as
ultimately to obtain the best regulation of the transmitted power Pry.



5the el ectron cyclotron resonance surface for the or each application
device; r2) nmaking the frequency fo) of the el ectronmagnetic wave
produced by the or each generator subject to the correspondi ng set
point Cfo), so that the electron cyclotron resonance surface of the
or each application device reaches the correspondi ng predeterm ned
val ue. 10OQ her features and advantages of the present invention wll
appear upon reading the follow ng detail ed description of several
non-limting enbodi ments, done in reference to the appended fi gures,

i n which: figure 1, already discussed, is a diagramatic
perspective and partial cross-sectionalygiew of a reactor for a known
m crowave treatnent 15facility by plasma production; figure 2,

i Crowave Lroat nEne"S AOPREGEGe SRS OHOF! OR: PPy FaTE ey pes
di scussed, Bpplxatien dedbeslithgmaomitating stépep? Jomeeatsdidile cokdiooms /) andwby
treat ment fagirlihg Bubie ROIRSIRY AUOstEEs:i on; 20figure 4, already

di scussed, is a partial dia rammatic yi e of another known microwaye
treat nent 1 BB) MPYOWE e dRaUFrodct’ B, SraRPeonstovayk pglria (e
vi ew of & fcestermgcgewaeior uniiaondition xS init, puale et @éady reflectedepower Pry
iUVention?iseﬁumtothecoUE$&ﬁﬂHEQH§rbﬁg@xﬂk@ﬁkﬁﬂ%ﬁtiC v!em{of_a second
m crowave tr r'feur?t f aci I |at|¥ 2 I%c%o_rgl ng%t 0. t,(he. L pyent |fgn .nfl H{ eov\Zer
is a di agraﬁﬁg‘fef% s S5 BRPE IR EPERNASS! PRI iy 97 dleg ncidpnt p
accor di ng t &npheeriesperding it a fiagamited noves Riti)dyrthenapplication ewvick egual to
fourth m cr eyeyohd earanBk vhRE IV} Ye. 20CRLE WG,  9f;he 1 nvention;

10 p7) adjusting the incident power Py delivered by the concerned generator to the
set point VCing, so as to meet condition b).

This embodiment is advantageous, because it makes it possible to play first
on the frequency f; fo meet condition a) (and therefore ensure regulation of the
reflected power Pgy), in particular out of a concern for impedance matching), and

15  next to play on the incident power Py to meet condition b) (and therefore ensure
regulation of the transmitted power Py, in particular out of a concern for
homogenization of the heating or the plasma).

Of course, during any adjusiment of the incident power Py (step p7)), the
value of the reflected power Prjy may change, and the incident power P must

20  therefore effectively vary until its set point VCig) is reached, but always taking into
account the actual value of the reflected power Prg. Thus, the monitoring step p2)
is a dynamic or continuous step, in real-time, which may have iterations for
confinuously adapting to the variations of the reflected powers Prj and incident
powers Ping).

25 Advantageously, the monitoring step p2) further comprises, before the sub-
step p5), a sub-step p8) for adjusting the incident power Py delivered by the
concerned generator to a value close or substantially equal to the second
reference value Vry.

The sub-step p8) thus makes it possible, before playing on the frequency fj,

30 during the sub-step p5), fo have the incident power Py approach its final value,
i.e., the set point VCing).

In the specific case of an electron cyclotron resonance (ECR) plasma
excitation technique, the method comprises a step for generating a magnetic



30figure 9 is a diagrammatic view of a fifth m crowave treatnent
facility according to the invention; figure 10 is a diagrammtic vi ew
of a sixth mcrowave treatnent facility according to the invention;
27 figure 11 is a diagrammatic view of a seventh m crowave treat nent
facility according to the invention; and figure 12 is a diagranmatic
view of an eighth mcrowave treatnent facility according to the

i nvention. 5The foll ow ng description pertains to a m crowave
treatnment facility 1 for treating a plasma-type |load, in other words,
a facility for producing a plasma in a treatnment chanber. It is of
course possible to consider using the fggility 1 for other
applications, for exanple with a treatnent chanber of the chem ca

reactor type contaiping.a . solid, |iquid and/or gaseous product to pe
{roat ad by feonauh Bl Refon: Soinbiae Wb SEChFmAdiR B el BRk R POByD
appl yi ng m &r eneduser anli ededteom oyclgiaomt refonghes pdabyna, oarsk the esgteald further
In a first egbpdid®Rb iQbwidtestbpyention illustrated in figure 5, the

| asma production facilt i ncl udes: reactor .2, _havi
e eatment a5 % e TRsne Gio s eseorflob o 2smacPeTRRh dabioes!:
an el enedt athe gedmrecysminco eepreonp siraaegoatheap phile apploaticredérie; 30
appl yi ng an ) %kfnﬁﬁﬁ@ﬂ@&h&d%&{%f {8 did@romagnei@yave BRERBCEPLY iR bisdde
of the treatnent. chapber 31? as well,. as ne re nt,[s tem31T r
measuri ng ¢ HEIBIESIPEF 0 6oHsPRoREIng 6T Pkt lon SAduA A2 Jectiospeyclatfen
el ect r omagnegsonanesy euagsesfather ordedah apicaiiar dedee resohge thefcotrégponding
sol i d- st at e pteHRearnfidNemied to the application device 30 by nmeans 5

o g0, B IR L S BORL AL o B ASDEL % sy SATBEASH A
t he wave betsawsing dppfalpving detailed gigsenmdioa 5gOsavieral ron-leniting iembadondrds,
predet er m nggné [EREEBE% AR Bppadd figures, in which:
- figure 1, already discussed, is a diagrammatic perspective and partial
cross-sectional view of a reactor for a known microwave treatment
15 facility by plasma production;
- figure 2, already discussed, is a partial diagrammatic view of a known
microwave treatment facility by plasma production;
- figure 3, already discussed, is a partial diagrammatic view of another
known microwave treatment facility by plasma production;
20 - figure 4, already discussed, is a partial diagrammatic view of another
known microwave treatment facility by plasma production;
figure 5 is a diagrammatic view of a first microwave treatment facility
according to the invention;
- figure 6 is a diagrammatic view of a second microwave treatment facility
25 according to the invention;
- figure 7 is a diagrammatic view of a third microwave treatment facility
according to the invention;
- figure 8 is a diagrammatic view of a fourth microwave treatment facility
according to the invention;
30 - figure 9 is a diagrammatic view of a fifth microwave treatment facility
according to the invention;
- figure 10 is a diagrammatic view of a sixth microwave treatment facility
according to the invention;



25 - a controller 6 connected at the input to the measurenent system
31 and at the output to the frequency adjustnment system 40. For the
rest of the description and the other enbodinents: the or each
application device 30 is of the coaxial applicator type, but the
invention is not limted to such a coaxial applicator, and ot her
types of devices for 30 applying mcrowave power may be consi dered,
for exanple such as a discharge tube (surfatron, Evenson cavity,
downst ream source, sem -netallic plasma torch, dielectric tube,
etc.), an antenna, a waveguide with a dielectric window, etc. 28
the or each generator 4 is of the solidstate el ectromagneti c wave
generator type, also called transistor generator, which has the
advant age of nmking it ssible to monitor the freqgyency of the

ol ect ronagnet i ¢ wal@rerbhim e §RaFEmTTiEN Al Fysevelih Ticraparedeqgnent
frequency range (ufdcilikeacrominmist therirjvention; ande or each gui de neans 5

is made in the f-Orﬂi%:&E 0 GO RlraARbE: VR of SnPaighire Hidbhdvéveldatment
suited to be connef?bcel\.g\f di recgt I ﬁ)elgn‘a sol1d-state generator 4,

al t hough ot her for E"0f 2G4 HeAAMTRY'be considered, for exanple
such as mavegui dBwe fdllhwingedssariphienpedgins dmnaB hicrayavre trealdeend gadlity gn for
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ot the | olaRtISyY ERardPerhd IS &f sqults Potatds & Finsidsb haiortas BEPEH sier
measur ed. Bgpiivetivneg fornexadeite wéd 4 treatmam chembat petheattiennical reactor type
gﬁef ficient ):@nt?ﬁ‘nidgs? aa&@:luebialatrfa/dg%e@ué Pi%dﬁf&ftb% @@!at@@wmimwae%é,w
e nmeasuyrenepnt s may. al so be a system far neasurj par a S
S, and 18 plr e o SymedioglRanmenthy 4p1dRe gorgWaKe Fasiriipni gt Pl of the
operating mbdésio hentregtédr st operating rmode, the controller 6: -
receives, as inpdta firdteernBddiREheer RN ARAS HUSHRBY iPRELfd SMHeBlasma
maasurementﬁa}/ temf?.l:. 1] Inanl.tors (or varies) the frequency f of
the electro éﬁ@??%aﬁﬂVe bFYttted by the 20generator 4 until the
refl ect ed poadea®R Zbavngadrdsymentechmppier €atin dre davine of suisbt the thiasimayis

reachesqa f'gfocducé(gference val ue VR In other words, the
controller finds the frqulFJen

o equi val eneh e ATH SRike n e Mprle AerHinafory FAE SEPERURe an

val ue VR maglestomeagnegdichwag@tin athe ymigrowaveerangeatoudhe side of dbgtireatmenie

M ni mum accershbée20, as well as a measurement system 31 for measuring the power
reflected by the application device 30;

20 - an electromagnetic wave generator 4 in the microwave range, of the solid-state
type, connected to the application device 30 by means 5 for guiding the
electromagnetic energy, the generator 4 comprising a frequency adjustment
system 40 designed to adjust the frequency of the wave between approximately
2400 and 2500 MHz, or even in another predetermined frequency range; and

25 - a controller 6 connected at the input to the measurement system 31 and at the
output to the frequency adjustment system 40,

For the rest of the description and the other embodiments:
- the or each application device 30 is of the coaxial applicator type, but the
invention is not limited to such a coaxial applicator, and other types of devices for

30 applying microwave power may be considered, for example such as a discharge
tube (surfatron, Evenson cavity, downstream source, semi-metallic plasma torch,
dielectric tube, etc.), an antenna, a waveguide with a dielectric window, etc.



25 value, so as to match the inpedance between the plasma and the

el ementary source 3. In a second operating node, the controller 6:
receives, as input, the reflected power neasurenent PR fromthe
measur enent system 31; 30- receives, as input, the value of the

i nci dent power PIN on the source, that value comng fromthe
generator 4 to which the controller 6 is connected; <calculating a
set point VcR of the reflected power PR corresponding to a
transmtted power PT equal to a second reference value VT, i.e., VCR
= PIN- VT; 29 nonitoring (or varying) the frequency f of the

el ectromagnetic wave produced by the geserator 4 until the reflected
power PR neasured by the application device substantially reaches the

t poi nt PR bj ugat
She Dot "ol niaireach SEBEAOlAIS B ol St P BRI Vs RS b,
second r ef eplspnoalledlraesi’sior gemeratonewhivlo hds the advandager ol making itfriogeiblet the
frequency f n{d?ﬁtoW(HeCﬁ'bdygncy }'.a’frtheI é]e&r&nh‘édr@h@%"v@t hﬁﬁuﬂ@d&"a&&%aﬁcallg, ilgR

controller . ﬁé Y é) g Ek | ect.ed pOV\BI’ neasur emnen
from the nmelSQPERIAY r@%‘?@ﬁhr%ﬁ e (Pt %%E@SU%@ Mas input, the val ue of
t he i nci @ent thevereddhNgdde trheansobrisenadaiial thel farn cbrd wgafialooatiddhat is

generator 4 hﬁ:cﬂ@fl?%&]h@ui@&f"ftd el Binectedl apEISCHE S soFHth'aﬁé)'@bH&a(dPréi
varyi ng) bo until the
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reaches a fimaseguwidéserence value VR 15l n other words, the controller
6 finds a pair (freméasaénient sRaeAent mBPWRm&-ddNp of an insulator combining a
10 circulator and a load. When the elementary source emits reflective power, the
circulator deflects that power onto the load. By coupling, a fraction of that power is
debited and measured. By knowing the debited fraction (or attenuation coefficient),
it is possible to deduce the reflected power therefrom. The measurement system
may also be a system for measuring parameters S, and in particular S1.1.
15 The controller 6 is designed for six operating modes.

In a first operating mode, the controller 6:

- receives, as input, the reflected power measurement Pry from the measurement

system 31;

- monitors (or varies) the frequency f of the electromagnetic wave produced by the
20 generator 4 until the reflected power Pg measured by the application device

substantially reaches a first reference value Vrg.

In other words, the controller 6 finds the frequency f for which the reflected
power Pr is equivalent to the first reference value Vg; that first reference value Vg
may be set substantially at a zero value, or at least at the minimum accessible

25 value, so as to maich the impedance between the plasma and the elementary
source 3.

In a second operating mode, the controller 6:

- receives, as input, the reflected power measurement Pr from the measurement
system 31;

30 - receives, as input, the value of the incident power Py on the source, that value
coming from the generator 4 to which the controller 6 is connected;
- calculating a set point Vgr of the reflected power Pr corresponding to a
transmitted power Py equal to a second reference value Vr, i.a., VCg = Py - V1,



for which the reflected power PRis equivalent to the first reference
val ue VR For exanple, for the reflected power PR to reach a
first reference value VR that is substantially zero, it is possible
to consider first that the controller 6 seeks a frequency for which
the reflected power PRis mninmal but still greater than zero, 20

and secondly, the controller 6 seeks the incident power PIN for which
the reflected power PR is substantially equal to zero; the incident
power PIN only being adjusted if the first reference val ue VR cannot
be reached by playing only on the frequency. In a fourth operating
node, the controller 6: recei ves,a@as input, the reflected power
nmeasurenment PR fromthe neasurenent 25 system 31; - receives, as

i nput, the value of the inciden ower _P on the sour.ce, that, val ue
ot 1o ¥ Broofialol Vani) B Ry ot Merdlebitrutonghs Savt a8 by
moni t ori ng {her germrgliond)urdibtiie teflecterd gmpwenBr Measuded iy the @ipdicatiop slewice
PIN until tg%ééﬁ@gmégcﬁlgs BRVWRS pB’fﬁt‘?Cf' N -I PR i ﬁ subst Snti ally equal

to a second reference value 30 VT, . . r rds

bontr ot or s £ PHE el R govtk Bs 15 subiuedlalid Fo A PoBt Movraregiten
PT = VT. 5 Fotheekamgitied foowet e to rthesatondctipenes vRTet \or. e athertwerds, the

second ref exgneey 8iH8s ME frdduehdy PRERhRh P tzovgonsi der that first, the
controller 6 seeks @ 30 frequency,for E,}Qliﬂ]%%\';rhe transmtted power PT

cones closest to tth&"d EREIINY F8FelieLon (Wi t hout seeking to
m ni m ze t hereasivegcaedppbvibe réfRciethgowereveasiirgmentigs omt thelrhersugement
seeks the iggdig@nd; power PIN for which the transmtted power PT is

Shei ng 48] US{ER (P PhaOLaBh el Bt e il PRRT s A Bt SDEcPestndale
only by pl agbmiadren He densmrient {o whish the cdntiellep@isaonnectatide, t he
contr ol | er EmonitBfifd U Svar@g)l bt the HEQunRY I @Gt eRk PRt FBRSUP GBI the
PRm coming fr t he neasur enent tem 31;. 10- recejves. as I nput,
the. val ue of RIS R ER et B Kool ol aisvied SChaabtayfieashes & st
reference value Vg.
15 In other words, the controller 6 finds a pair (frequency f, incident power P)
for which the reflected power Pr is equivalent to the first reference value Vr.
For example, for the reflected power Pg fo reach a first reference value Vg
that is substantially zero, it is possible to consider first that the controller 6 seeks a
frequency for which the reflected power Pgr is minimal but still greater than zero,
20 and secondly, the controlier 6 seeks the incident power Py for which the reflected
power Pr is substantially equal to zero; the incident power Py only being adjusted
if the first reference value Vi cannot be reached by playing only on the frequency.
In a fourth operating mode, the controller 6:
- receives, as input, the reflected power measurement Pgr from the measurement
25 system 31;
- receives, as input, the value of the incident power Py on the source, that value
coming from the generator 4 {o which the controller 6 is connecied;
- monitoring (or varying) both the frequency f and the incident power Py until the
transmitted power Pt = Py - Pr is substantially equal to a second reference value
30 Vi
In other words, the controller 6 finds a pair (frequency f, incident power Py)
for which Pr = V. For example, for the transmitted power Pt fo reach the second
reference value Vi, it is possible to consider that first, the controller 6 seeks a



coming fromthe generator 4 to which the controller 6 is connected,
nonitoring (or varying) the frequency f until the reflected power PR
substantially reaches a first reference value VR, preferably until
the refl ected power PR reaches a mninum 15- nonitoring (or varying)
the incident power PINuntil the transmtted power PT .= PIN PR s
substantially equal to a second reference val ue VT. I n ot her
words, the controller 6 finds a pair (frequency f, incident power
PIN) for which PR = VR (PR = accessible mninun) and PT = VT. For the
nonitoring step of the frequency, it is possible to consider the
controller 6 starting fromthe initial &0 frequency, then varying the
frequency f of the side where the reflected power PR decreases until
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operating mbaEEg adivstesifthediacand pference velkp dalcaneat be erelreeomy by playing

i nstructi onoffiey frefincthe or each frequency adjustnment system 40,

correspondi ng tolnﬂa[ﬁaﬁh)elg;r;%rgtiﬁﬁsge\{% Hgmpg”e}: g:e resonance surface of 30

the or each el ene _ source and - nonitors, for each
el enentary sd@feiesy ag fiputr BguelegteddpeemewasypaEam e remigdesemothe
i n order tonmbiitegaingsydiemf3iequency f (1) of the el ectromagnetic wave
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coming from the generator 4 to which the controller 6 is connected;

- monitoring (or varying) the frequency f until the reflected power Pr substantially
reaches a first reference value Vg, preferably until the reflected power Pgr reaches
a minimum;

15 - monitoring {or varying) the incident power Py untiil the transmitted power Pt = Py
- Pris substantially equal to a second reference value V.

In other words, the controller 6 finds a pair (frequency f, incident power Py)
for which Pr = Vg (Pr = accessible minimum) and Pt = Vy. For the monitoring step
of the frequency, it is possible to consider the controller 6 starting from the initial

20 frequency, then varying the frequency f of the side where the reflected power Pg
decreases until it finds a minimum.

In a sixth operating mode, the facility is an Electron Cyclotron Resonance
(ECR) plasma production facility. In that case, the elementary source 3 further
comprises a magnetic structure (not shown) designed io create a magnetic

25 resonance field which, combined with the electromagnetic wave, makes it possible
to produce an Electronic Cyclotron Resonance (ECR) plasma.

in this sixth operating mode, the controller 6:

- calculates a frequency instruction Cfy, for the or each frequency adjustment

system 40, corresponding to a predetermined value of the resonance surface of
30 the or each elementary plasma source 3; and

- monitors, for each elementary source 3, the frequency adjustment system 40 in

question in order o subjugate the frequency f; of the electromagnetic wave

produced by the or each generator 4 to the corresponding set point Cf so that the



resonance surface of the or each el enentary plasma source 3 reaches
t he correspondi ng predeterm ned val ue. In a second enbodi nent
of the invention illustrated in figure 6, the plasnma production
facility 1 is identical to that of the first enbodi nent of figure 5,
with the 5exception that it further conprises an i npedance matching
device 7 positioned upstreamfromthe applicator 30. Thi s

i npedance mat ching device 7 thus nmakes it possible to performa first
i npedance matching, optionally nean, with an adjustnent for the
operations, before the controller 6 can performa second fine

i npedance matchi ng and/or a 10regul ati a3nm of the transmtted power,
automatic and in real-tinme during the operations, in particular by
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and 25 - connect ed nmeasur enen
syst em 31 aﬁaeféf‘o'ﬂﬁhé” eRtipylar '%'WH‘%“?’F‘@@JE%@?B@HHQJW%ﬁ?ew@ﬁéﬁpﬂt’ﬁ
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desi gned t o gV e power generat ed by the generator 4
by the nurrbgr %bﬁ(ﬁ'%lgﬁt ntﬁ%&?@éslources , the power divider 8 having k

out put s each 8J6RFELE £8ViPg &y aé’ﬁ'ﬁm ¢hangher 20 in the volume of which the plasma’is
15  produced;

- several elementary plasma sources 3 each comprising an applicator 30 inside
the treatment chamber 20 applying an electromagnetic wave in the microwave
range, as well as a measurement system 31 for measuring the power reflected by
the corresponding application device 30;

20 - an electromagnetic wave generator 4 in the microwave range, of the solid-state
type, connected to the applicators 30 by coaxial cables 5, the generator 4
comprising a frequency adjustment system 40 designed fo adjust the frequency of
the wave between approximately 2400 and 2500 MHz, or even in another
predetermined frequency range; and

25 - a controller 6 connected at the input to the measurement system 31 and at the
output to the frequency adjustment system 40; and
- a power divider 8 placed at the output of the generator 4 and designed to divide
the microwave power generated by the generator 4 by the number k of elementary
sources 3, the power divider 8 having k outputs each connected to an applicator

30 30 by a coaxial cable 5, each output of the power divider 8 thus debiting 1/k of the
total power delivered by the generator 4 to an applicator 30.



3030 by a coaxial cable 5, each output of the power divider 8 thus
debiting 1/k of the total power delivered by the generator 4 to an
applicator 30. 32 The controller 6 is designed to inplenent
the six operating nodes descri bed above, with the difference that a
single generator 4 is associated with several elementary sources 3.
Thus, the controller 6 can: in the first operating node: regul ate
the reflected power PRO on each elenentary 5 source (i) by playing
on the frequency f of the wave generated by the shared generator 4,
preferably for inpedance matching; - in the second operating node:
regul ate the transmtted power PTO on &ach elenmentary source (i) by
playing on the frequency f of the wave generated by the shared
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reflected pewers: BRD elementary source (i) by playing on the frequency f of the wave
generated by the shared generator 4 and on the incident power P on the source
(i) (fraction of the power Pgen of the generator 4);
- in the fifth operating mode: regulating, for each source (i), the reflected power
20  Prg and regulating the transmitted power P by playing on the frequency f of the
wave generated by the shared generator 4 and on the incident power Py on the
source (i) (fraction of the power Pgen of generator 4); and
- in the sixth operating mode: monitoring the resonance surface, in the creation
areas associated with the elementary sources (i}, by playing on the frequency f of
25 the wave generated by the shared generator 4.

Of course, this facility has a limitation due to the fact that the generator 4
powers several elementary sources 3, such that the reflected powers Pgy
measured on the various applicators 30 do not all reach exactly a same first
reference value Vg, since a dispersion may exist between the applicators 30 and,

30 further, the elementary sources 3 may interact with each other. The fact
nevertheless remains that the controller 6 allows an overall and average regulation
of the reflected power and/or the transmitted power, as well as the resonance



measured on the various applicators 30 do not all reach exactly a
sane first reference value VRO), since a dispersion may exist between
the applicators 30 and, 30 further, the elenentary sources 3 may
interact with each other. The fact neverthel ess remains that the
controller 6 allows an overall and average regul ation of the
reflected power and/or the transmtted power, as well as the
resonance 33 surface, on all of the elenentary sources 3, by playing
on the frequency f, and optionally the power PCEN, of the wave
generated by the signal generator 4. However, in theory, if the
applicators 30 are identical, or nore atxurately if the m crowave

| i nes bet ween the generator 4 and each source 3 are identical, and 5
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devi ces 7 elementary sources 3, automatically and in real-time during the operations. in
general, the controiler 6 is designed fo implement the six operating modes
20 described above, with the difference that an impedance matching shared by all of

the sources 3 is done with the shared impedance matching device 7.

in a fifth embodiment of the invention illustrated in figure 9, the plasma
production facility 1 is identical to that of the third embodiment of figure 7, with the
difference that it further comprises several impedance matching devices 7

25 positioned between the power divider 8 and the applicators 30, with one
impedance matching device 7 per applicatar 30.

These impedance matching devices 7 thus make it possible to perform a
first impedance matching, optionally mean, for each elementary source 3, with an
adjustment prior to the operations. Next, the controller 6 makes it possible to

30 perform a second impedance matching for all of the elementary sources 3,
automatically and in real-time during the operations. In general, the controller 6 is
designed to implement the six operating modes described above, with the
difference that an individual impedance mafching for each source 3 may be done



25posi ti oned between the power divider 8 and the applicators 30, with
one i npedance matching device 7 per applicator 30. These inpedance
mat chi ng devices 7 thus nake it possible to performa first inpedance
mat chi ng, optionally mean, for each elenmentary source 3, with an
adjustnment prior to the operations. Next, the controller 6 nmakes it
possible to 30 performa second i npedance matching for all of the

el ementary sources 3, automatically and in real-tinme during the
operations. In general, the controller 6 is designed to inplenment the
si x operating nodes described above, with the difference that an

I ndi vi dual i npedance matching for each murce 3 may be done 34 with
each inpedance natching device 7, independently from one source 3to
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- a reactor 2 having a treatment chamber 20 in the volume of which the plasma is
produced;

10 - several elementary plasma sources 3 each comprising an applicator 30 inside
the treatment chamber 20 for applying electromagnetic waves in the microwave
range, as well as a measurement system 31 for measuring the power reflected by
the corresponding application device 30; and
- several electromagnetic wave generators 4 in the microwave range, of the solid-

15 state type, each connected to an applicator 30 by a coaxial cable 5, with one
generator 4 per elementary source 3, each generafor 4 comprising a frequency
adjustment system 40 designed fo adjust the frequency of the wave between
approximately 2400 and 2500 MHz, or even in another predetermined frequency
range; and

20 - a controlier 6 connected at the input to the measurement systems 31 of the
different elementary sources 3 and at the output to the frequency adjusiment
systems 40 of the different generators 4.

The controller 6 is designed to implement the six operating modes
described above, with the difference that each generator 4 is associated with a

25 single elementary source 3. Thus, the controller 6 can:

- in the first operating mode: regulate the reflected power Prj on each elementary
source (i) (independently from one source to the next) by playing on the frequency
fs of the wave generated by the associated generator 4, preferably for impedance
matching;

30 - in the second operating mode: regulate the transmitted power Prj on each
elementary source (i) {(independently from one source to the next) by playing on
the frequency f;; of the wave generated by the associated generator 4;



the treatnment chanber 20 for applying el ectromagneti c waves in the

m crowave range, as well as a nmeasurenent system 31 for neasuring the
power reflected by the correspondi ng application device 30; and
several electromagnetic wave generators 4 in the mcrowave range, of
the solid- 15 state type, each connected to an applicator 30 by a
coaxial cable 5, with one generator 4 per elenentary source 3, each
generator 4 conprising a frequency adjustnent system 40 designed to
adj ust the frequency of the wave between approxi mately 2400 and 2500
MHz, or even in another predeterm ned frequency range; and 20 - a
controller 6 connected at the input to 3he neasurenent systens 31 of
the different elenentary sources 3 and at the output to the frequency
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For example, in the first operating mode (regulation of the reflected power),
for the first elementary source 3, a first reflected power Prpy) is measured, and the
controller 6 finds a first frequency f) for the first generator 4 allowing that reflected
power Prg) o reach a first reference value Vgrpy, for example zero or at least

30  minimal. The regulation of the reflected power Prgy by varying the frequency of the
first generator 4 is done using a first feedback loop that concerns only the first
elementary source 3 and the first generator 4.



20 creation areas associated with each el enentary source (i)

(i ndependently from one source to the next), by playing on the
frequency fo) of the wave generated by the associ ated generator.
Thus, the controller 6 nonitors the frequency adjustnent systens 31
(monitoring the frequency) and the generators 4 (nonitoring the

i ncident power) 25 independently of one another. For exanpl e,
inthe first operating node (regulation of the reflected power), for
the first elementary source 3, a first reflected power PRo) is
measured, and the controller 6 finds a first frequency f(I) for the
first generator 4 allowing that reflectd power PR(1) to reach a
first reference value VR(1), for exanple zero or at |east
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to the thir&rensbdiamentaryisopicgure 7, and a second sub-facility al so
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of figure 7, and a second sub-facility also according to the third embodiment of
30 figure 7, where the applicators 30 of the two sub-facilities are positioned within a
same treatment chamber 20 of the same reactor 2.
Thus, the first sub-facility comprises:



Thus, the first sub-facility conprises: 37 several elenentary

pl asma sources 3 each conprising an applicator 30 inside the

treat nent chanber 20 and a neasurenent system 31 for neasuring the
power reflected by the correspondi ng application device 30; an

el ectromagneti ¢ wave generator 4 in the mcrowave range, connected to
the 5 applicators 30 by coaxial cables 5, the generator 4 conprising
a frequency adjustnent system 40 designed to adjust the frequency of
t he wave between approxi mately 2400 and 2500 negahertz, or even in
anot her predeterm ned frequency range; and a power divider 8 placed
at the output of the generator 4 and ha¥ing k outputs 10 each
connected to an applicator 30 by a coaxial cable 5 each output of
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to the appl iapplicator30. Furthernore, the facility 1 conprises a
controller 6 conq ﬁ&gerqaQécogjg%ugqg&m&ggmbp%sneasurerrent systens 31 of

all of the elenentary sourc output to the frequency
adj ust ment  sySVeRh L?@‘%‘FWH’@%%‘@H@? 3t Al QPmRDFS'QﬂoE’F gepligator; 30 inside
possi bl @5t o teosshe &ratnmant chembadZ®and henaishesmatt siybtent 3wfos uieasuring the

power refiected by the corresponding application device 30;
- an electromagnetic wave generator 4 in the microwave range, of the solid-state
type, connected to the applicators 30 by coaxial cables 5, the generator 4
comprising a frequency adjustment system 40 designed to adjust the frequency of
20 the wave between approximately 2400 and 2500 megahertz, or even in another
predetermined frequency range; and
- a power divider 8 placed at the output of the generater 4 and having m outputs
(where m is not necessarily equal to k) each connected to an applicator 30 by a
coaxial cable 5, each output of the power divider 8 thus debiting 1/m of the total
25 power delivered by the generator 4 to the applicator 30.
Furthermore, the facility 1 comprises a controller 6 connected at the input to
the measurement systems 31 of all of the elementary sources 3, and at the output
to the frequency adjustment systems 40 of the two generators 4.
Of course, it is possible to consider, in one and/or the other of the two sub-
30 facilities, providing one impedance matching device per generator (as in the case
of the fourth embodiment of figure 8) or one impedance matching device per
applicator (as in the case of the fifth embodiment of figure 8).



30 facilities, providing one inpedance matchi ng devi ce per generator
(as in the case of the fourth enbodi nent of figure 8) or one

i npedance mat chi ng device per applicator (as in the case of the fifth
enbodi mrent of figure 8). 38 It is also possible to consider
addi ng a new sub-assenbly, or replacing one of the two sub-assenblies
wi th a new sub-assenbly, that new sub-assenbly being able to be of
the type of the first, second, sixth or seventh enbodi nents, wth one

generator per applicator. In that case, the facility still conprises
a single controller 5 connected to the different measurenment systens
31 and the different frequency adj ust systens 40. O

course, the exanple enbodi nent nentioned above is in no way limting,

and ot her |rrprove ts an detalls may be added to the facility
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a neasurenment system (31) for the or each application device (30),
designed to neasure the power reflected PRo) by the corresponding
application device (30); 15 and autonated control neans (6)
connected to the or each frequency adjustnment system (40) and
designed to control the adjustnment of the frequency f() of the

el ectromagneti c wave by the or each frequency adjustnent system (40)
and connected, on the other hand, to the or each neasurenent system
(31) in order 20to: el ) receive, as input and in real-tine, the
refl ected power neasurenent PR(j) fromthe or each neasurenent system
(31); and e2) command the or each 4g equency adjustnment system
(40) to vary the frequency f() of the el ectromagneti c wave produced
by the or each generator 25(4), untilﬁi%&%gmwt one of the follow ng
conditions is net: a) the reflected PRO neasured by the or
each nmeasurenent system (31) substantially reaches a first reference

val ue VR(); 0r1..ﬂ)faéilhg(‘H(?éﬁerﬁic?d\ﬁeﬂ%rﬂéartrﬁgnt%}:@lom cbhBrighgeach
application %ﬂ%‘c? éS ?}?’SUESt nt.i al:%(ﬁfr eacflles as %ﬁnd reference.

val ue VT0) ; St P ERPE %PBSV!E)‘?( PTRHPERY AB [GMRGNEY YRKe in the
di fferenge béccwem tangei nci dent power Pinp transmitted to the
correspondi DG kRt bRELIRFoABYhER: WA gaRdtaloh ¢4) Bfthe GhieSwaQ¥eEndERaY the
nmeasured on tlh t, same a Iltcatlon de%w ¢e ﬁ)%h or thfg f.0l |é)WI. 920
el ati onshi BONPYEJE SSTSTRIG) YPGpregyneciag 1o at Tesst pa qaplpian, AgHge (30) by
accor di ng t oeshai( for guitiegéheelehigoroagredicivaveequency adj ust ment system
(40) }S desicHaRktéPzein4hht m_aea%n&?qu_@ﬁ%r%riéé&e el eclgromagnet: C wave
in a freguency, range chosen in the rowave range, for e ein a
5"t equilloy - AR SERE Iy REE T Pomeratt oy Sootr g DBt oy
or for exanpHwpsbethwaedreqappryoxiynef ethe Sledromeagnsiy Swhiz, peduesdnby nthe
anot her pr edgfes38naRe Jenefiden@y. range bel onging to the mcrowave
range. 3. The facilijt &E? cording to an ne of t pr.ecedi
Catms. com BPayranenreierats 05 be R kars aPortog sdon b et ated ©
wi th the fretpasarythedpasemrefiected Stranby 40 cemebpanding aaxplication device (30);
appl i caygonggdgvi ces (30), each generator (4) being connected to at

| east one applicat,

to any one 6fa"11‘?{83t882°8g‘§\él1§‘%8f‘§%r)é ?Omfﬁdi t;‘r’lhﬁ'ﬁf %C!i%éht é@‘%@ﬁgﬁ%i“rs?'h%%
each associ aysidmn40n aadf desigradcip eatjies thee atjusipeang mf (th9)frecancyNi; of the
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generator (Aé nr?gc!tgcg o%o%re]e&ﬁgr hagn%, ?o IenglrI gac%pnfr)lleéscuarer!nggt gy%Yénge(‘S‘f) |9| order
20 to:
e1) receive, as input and in real-time, the reflected power measurement P
from the or each measurement system (31); and
e2) command the or each frequency adjustment system (40) to vary the
frequency fj; of the electromagnetic wave produced by the or each generator
25 (4), until at least one of the following conditions is met:
a) the reflected power Prj measured by the or each measurement system
(31) substantially reaches a first reference value Vggy; or
b} the power transmitted Prg by the or each application device (30)
substantially reaches a second reference value V) , the transmitted power
30 Pry corresponding to the difference between the incident power P
transmitted to the corresponding application device (30) and the reflected
power Pgrg) measured on that same application device (30), or the following
relationship: Pry = Ping — PR(E):



5. The facility (1) according to any one of the preceding clains,
wherein the 20 first reference value VRO) corresponds, for the or
each application device (30), to a mninmumof the reflected power
PR() nmeasured, optionally equal or close to zero and in particular
corresponding to a predeterm ned threshold reflected power, so as to
perform i npedance matching on the or each application device (30).
256. The facility (1) according to any one of the preceding clains,
where the facility (1) conprises several application devices (30),
wherein the second reference val ue VI0) corresponds, for each
application device (30), to a predetermged set point VCr that is
identical for each of the application devices (30). 30 7. The
facility (1) according to any one of the preceding clainms, where the
facility (1) conprises several application devices (30), in which the
second r ef er ericeThalfadty Vi) Gccardingndd  daim i1denhéreml the 4t each8ifredinency
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each application device (30), a set point VCRo) of the reflected

power PRo) corg eﬁr@%@l&wgg&c@?reﬂgqf) a%@%@@fgn@grepg&% 92 Va%'ecornynsarsg at

applicatjon deyice second refere
i.e. VCRP) & '“Iat%ﬁ 4 ga0h avirciedrd WD thefregueieyaprvsteent system
devi ce (30) (40)madfat tzpséetvayapdlicatdmestices)(80  pr M 0@neratoqg (tidimncdrmeviarly

the frequengyafiglsi®helRBichigs HeGrBENRti ¢ wave produced by the
associ at ed gegnerasf ore %?l s;o as toggstﬁbj ect the refl ected power PRO

to said set point 15 9. The facility (1) according to any one
of the precedisgTid ity (Waecadingtthenyamerajltherpeatedinf)clama) carhprishey Nr
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by 20 noni tbelngg:obmdiecﬂ twea elngleacmplrcﬁa‘uequ!emy (3@ ust mrent system (31) to

vary the associated frequency f(1), and the or each generator (4) to

t
vary the assocg a'K‘he fa!cqﬁ:y ?ﬁnaccg%\{\r%r to any one of the preceding claims, wherein the
20 first reference value Vg corresponds, for the or each application device (30), to a

minimum of the reflected power Pry measured, optionally equal or close to zero
and in particular corresponding to a predetermined threshold reflected power, so
as to perform impedance matching on the or each application device (30).

25 6. The facility (1) according to any one of the preceding claims, where the
facility (1) comprises several application devices (30), wherein the second
reference value Vry; corresponds, for each application device (30), to a
predetermined set point VCy that is identical for each of the application devices
(30).

30

7. The facility (1) according to any one of the preceding claims, where the
facility (1) comprises several application devices (30), in which the second
reference values Vg are not all identical.



10. The facility according to clains 8 and 9, wherein the control
means (6) 25are designed, during sub-step e4), to nonitor, for the or
each application device (30), both: the concerned generator (4) so
that it delivers an incident power PIN(I) at a given set point
VON(i), which is optionally variable; and the concerned frequency
adj ust mrent system (40) in order to vary the frequency 30 f(l) of the
el ectromagneti c wave produced by the associated generator (4), so as
to make the reflected power PRO subject to the set point VCRO),
which satisfies the followng relationship: VCR@= VON(i) - VT(i).
42 11. The facility (1) according to gany one of the preceding
clains, where the facility (1) conprises several application devices
(30), the control neans (6) are connected to the or each generator
(4) in order to receive, as input, the value of the incident power
PI N(1) associ d etherfadiitedbhaeqepling &e ieon aevelcte(Beyeding cleons.r whers thae
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as, during PAEtWBRIt oring step e2), to carry out, before the sub-step
20 eb), 18 sub-step e8) that consists of controlling the or each

generator so th [ Y LNGi 1.9 (%{mf C e
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the control means {6) control the or each generator (4} in terms of power so that

the or each generator (4) delivers a given incident power Py, and the control
means (6) are designed to carry out step e2), and meet conditions a) and/or b), by

20 monitoring both the or each frequency adjustment system (31) to vary the
associated frequency f;, and the or each generator (4) to vary the associated
incident power Py

10.The facility according to claims 8 and 9, wherein the control means (6)

25 are designed, during sub-step e4), to monitor, for the or each application device

(30), both:

- the concerned generator (4) so that it delivers an incident power Py at a given

set point VCng, which is optionally variable; and

- the concerned frequency adjustment system (40) in order to vary the frequency
30 f; of the electromagnetic wave produced by the associated generator (4), so as to

make the reflected power Pgy) subject to the set point VCr, which satisfies the

following relationship: VCrg) = VCing) — VT



13. The facility (1) according to any one of the preceding clains,
wherein the 25 facility (1) further conprises at |east one nagnetic
structure designed to create a nmagnetic resonance field which
conbined with the el ectronagneti c wave, nmakes it possible to produce
an electron cyclotron resonance plasnma, and the control neans (6) are
desi gned to: f1) calculate a target frequency Cfo), for the or
each frequency adjustnent system 30(40), corresponding to a
predet erm ned val ue of an el ectron cyclotron resonance surface for
the or each application device (30); f2) nonitor, for each

el ementary source (3), the frequency adjaustnment system (40) in
question to nmake the frequency fo) of the el ectronagnetic wave

produced by the 43 or h ge rator (4 ect to,.the
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10  the electromagnetic wave produced by the concerned generator (4) until condition
a) is met, such that each reflected power Pgrg is equal to the first corresponding
reference value Vg,
eB) calculating, for each application device (30), a set point VC of the incident
power P corresponding to a transmitted power Prgy by the application device (3)
15  equal to the second reference value Vqy), i.e., VCing = VRrpy + Vi)
e7) controlling the or each generator (4) so that it delivers an incident power P
at the set point VCjng, so as to meet condition b).
12.The facility (1) according to claim 11, wherein the control means (6) are
designed so as, during the monitoring step e2), to carry out, before the sub-step
20 e5), a sub-step e8) that consists of controlling the or each generator so that it
delivers an incident power P at a value close or substantially equal to the
second reference value Vrg).

13.The facility (1) according to any one of the preceding claims, wherein the
25 facility (1) further comprises at least one magnetic structure designed to create a
magnetic resonance field which, combined with the electromagnetic wave, makes
it possible to produce an electron cyclotron resonance plasma, and the control
means (6) are designed to:
f1) calculate a target frequency Cfy, for the or each frequency adjustment system
30 (40), corresponding to a predetermined value of an electron cyclotron resonance
surface for the or each application device (30);
f2) monitor, for each elementary source (3), the frequency adjustment system (40)
in question to make the frequency fj; of the electromagnetic wave produced by the



15 the refl ected power PRO on the or each application device (30)
and/or regulate the transmtted power Pno by the or each application
device (30), with the follow ng steps: pl) neasuring, for the or each
application device (30), the reflected power PRO by the
correspondi ng application device (30); and 20p2) nonitoring the
frequency -10) of the el ectromagnetic wave produced by the or each
generator (4), until at least one of the following conditions is net;
a) the reflected power PRO neasured on the or each application
device (30) substantially reaches a first reference value VR(); or

b) the transmtted power Er(j) by the or3 each application device (30)
25 substantially reaches a second reference value VT(), the

transmtted hr e t wee
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applicati oncaeygg@ad,@(p,}edgmrmnedmué oI | om ng relationship: Pro) =
PiNo) - PRO. 30 15. The net hod according to claim 14, wherein the
generating step consists of generating at |east two el ectromagnetic
waves usPng at!4 R argtheduiprdbn dvigioneye (tpptmeneofqulogingorpising dissiodewingf
gui di ng eacbtegbectromagnetl c wave intended for at 44 | east one
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usi ng N1@en8{t%te%re§ctr%ﬂ? n% \gggé,di ng step consists of guiding the N
wave €

el ectromagneéeti c 'for gipl i cation devices (30), where
N is an int egeplicgfiebgine prapach E%H@ﬁttoﬁ ¥isedsP) pighs vegagibAee prgagypetic
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steps:
p1) measuring, for the or each application device (30}, the reflected power Pgj by
the corresponding application device (30); and
20  p2) monitoring the frequency fy of the electromagnetic wave produced by the or
each generator (4), until at least one of the following conditions is met;
a) the reflected power Prj measured on the or each application device (30)
substantially reaches a first reference value Vgg; or
b) the ftransmitied power Py by the or each application device (30)
25 substantially reaches a second reference value V), the transmitted power Prg
corresponding to the difference between the incident power Py transmitted to
the corresponding application device (30) and the reflected power Pgy
measured on that same application device {30), i.e., the following relationship:
Py = Ping) = Pra)-
30
15.The method according to claim 14, wherein the generating step consists of
generating at least two electromagnetic waves using at least two generators (4),
the guiding step consists of guiding each electromagnetic wave intended for at



15as to performinpedance nmatching on the or each application device
(30). 18. The net hod according to any one of clains 14 to 17 with
several application devices (30), wherein the second reference val ue
VTO) corresponds, for each application device (30), to a
predeterm ned set point VCT that is identical for 20 each of the

el ementary sources (3), so as in particular to favor honpbgenous
heating or the obtainnent of a uniformplasma in volunme or in surface
in a treatnment chanber (20). 19. The net hod according to any one
of clainms 14 to 18 with several 25application devices (30), further
conprising a step for establishing or mpasuring the incident power

Pi No) associated with each application device (30); and wherein the
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el ect r omagngidepeiv@y pf otkigesihdy the associ ated generator (4) and the
i nci denliopower Pinp delivered by that same generator (4). 10
17.The method according to any one of claims 14 to 16, wherein the first
reference value Vg corresponds, for the or each application device (30), to a
minimum of the measured reflected power Prg, optionally equal or close to zero
and in particular corresponding to a predetermined threshold reflected power, so
15  as to perform impedance matching on the or each application device (30).

18.The method according to any one of claims 14 to 17 with several

application devices (30), wherein the second reference value Vqg;) corresponds, for

each application device (30), to a predetermined set point VC+ that is identical for

20 each of the elementary sources (3), so as in particular to favor homogenous

heating or the obtainment of a uniform plasma in volume or in surface in a
treatment chamber (20).

19.The method according to any one of claims 14 to 18 with several

25 application devices (30), further comprising a step for establishing or measuring

the incident power Py associated with each application device (30);

and wherein the monitoring step p2) meets condition b) by carrying out the

foliowing sub-steps:

p3) calculating, for each application device (30), a set point VCgy of the reflected
30 power Pry corresponding fo a transmitted power Py by the application device

(30} equal to the second reference value Vg, i.e., VCrg) = Py — Vr:



21. The net hod according to clains 19 and 20, wherein the sub-step p4)
consists of nonitoring, for each application device (30), both: - the
i nci dent power PINO) delivered by the concerned generator (4) at a

gi ven set point Vtivo), which may be variable; and 15 - the frequency
fo) of the el ectromagneti c wave produced by the associ ated generat or
(4), so as to nake the refl ected power PRO subject to the set point
VCRO), which satisfies the follow ng rel ationship: VCR0O) = VC11.10) -
VTO) . 22. The net hod according to claim20, with several
application devices (30), 20 wherein the nonitoring step p2) neets
both conditions a) and b) by carrying ot the foll ow ng sub-steps:

p5) monitoring the frequency f() of the el ectromagnetic wave produced

by the conc a i )
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transmtted power PT(,) by the application deV| ce (30) equal to the
second reference_value VI(j), i.e., VONO) = VR() VIO
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5conpri ses #hattepelgenegtirddnti ng a magneti c resonance field which,
combi nedywi th the el ectronagnetic wave, nakes it possible to produce
an electron cyclotron resonance plasma, and the nethod further
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point Ving, which may be variable; and
15 - the frequency fj of the electromagnetic wave produced by the associated
generator (4), so as to make the reflected power Pgrg subject to the set point
VCr), which satisfies the following relationship: VCrgy = VCing) — V1.

22.The method according to claim 20, with several application devices (30),
20 wherein the monitoring step p2) meets both conditions a) and b) by carrying out
the following sub-steps:
p5) monitoring the frequency fy of the electromagnetic wave produced by the
concerned generator until condition a) is met, such that each reflected power Pr;)
is equal to the corresponding first reference value Vggy,
25 p6) calculating, for each application device (30), a set point VCy;) of the incident
power P corresponding to a transmitted power Py by the application device
(30) equal to the second reference value Vr, i.e., VCig = Vray + Vroy
p7) adjusting the incident power Py delivered by the concerned generator to the
set point VCyiy, S0 as to meet condition b).
30
23.The method according {o claim 22, wherein the monitoring step p2) further
comprises, before the sub-step p5), a sub-step p8) for adjusting the incident power



10 r2) making the frequency fo) of the el ectromagneti c wave produced
by the or each generator (4) subject to the correspondi ng set point
Cf0), so that the electron cyclotron resonance surface of the or each
application device (30) reaches the correspondi ng predeterm ned

val ue. 15

46

Ping) delivered by the concerned generator to a value close or substantially equal
to the second reference value Vr.

24.The method according to any one of claims 14 to 23, wherein the method
5 comprises a step for generating a magnetic resonance field which, combined with
the electromagnetic wave, makes it possible to produce an electron cyclotron
resonance plasma, and the method further comprises the following steps:
r1) calculating a target frequency Cfj corresponding to a predetermined value of
the electron cyclotron resonance surface for the or each application device (30);

10 r2) making the frequency fj; of the electromagnetic wave produced by the or each
generator (4) subject to the corresponding set point Cfy, so that the electron
cyclotron rescnance surface of the or each application device (30) reaches the
corresponding predetermined value.

15



