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5 METHOD FOR TREATI NG GASES BY H GH FREQUENCY

DI SCHARGES TECHNI CAL FlI ELD AND PRI OR ART The

invention relates to the field of gas treatnent,
particularly at atnospheric pressure by plasma

techni ques. 10 High density electrical discharges are
very advantageous for carrying out industrial gas
purification and pollution control treatnents. The
METHEODD [FORC MREADING CASESS BYQ HIGHS FREQHBNCYaDISEBARGES
conversions of inpurities and/or pollutants present in
a carrier gas, in the discharge, to obtain new
TEsHd0uiTds RilIch Adn BRIGR B&Tr enoved from t he gas
stream for exanple by conventional post-treatnent,

such- as reactive adsorption. 20 The field of use of
thes@“ﬁisch%Y%%%l%%rré§ééﬁ8§ t'® hi gher typilcal of  gas
teRAeTAt | ansedfaama f ewt hossabsbhrdd s Pessmtédi opy

y vol ne p and |l ower throughputs than those
RS o e?ﬁﬁ%ﬁ%?dlscharges and 25 dielectric barrier

di scharges (DBD), which are more often nentioned for

gas eﬁghutlag g?@f,ro' 3R isGati ong; Jngrgwgl i cant has,y
devel oped such hog artlcularf Yy~ ni crowave
agiveei I3 sat af%sph@ﬁ¥EY3ngre§§Gre Mifuatmad gas

ﬂ@%ﬂﬁﬁ%dﬁ%&nbbnﬁubEQQ%t%@Mﬁ%onEﬁ%qetr@%%ﬁ%ﬁ%sare used
| ower the residual CF4 and CH4 concentration in

the krypton and xenon extracted from the air by
cr yogﬂh@ Cpﬁﬂ[tﬁ:@ﬂ]te’ atbepiste hel QV&LﬂSJﬂm‘TVphyé\tl@dbcbﬂeémlcal
icatiaon rg ates to. the r

8 W%ﬁi& n'r?at b%%%%l?%ﬁfy gvﬁydﬁbg1uorocar &ﬁsent in
(HFG), whnchthee grieehhoyse gdses (ICRAin new
Q%FéasggF(%hl%hC4E§n C%Eén NE% E%ﬁgveﬁtcf}omef{ﬂ@en§§s

sem conductor manufacturing equi pnent.
S?ﬁ@@ébefﬁp&en?§ampé§ulPYpaFPPEQPE#Pyairoﬁ?ﬁta Aeatment,

sGlc@anisNg AReM Ak QEISoBtion.

The field of use of these discharges corresponds
to higher typical concentrations (from a few thousand
parts per million by volume (ppmv)) and lower
throughputs than those used for corona discharges and
dielectric barrier discharges (DBD), which are more

often mentioned for gas pollution control applications.

The applicant has developed such methods,
particularly by microwave discharges at atmospheric
pressure, which are maintained by surface waves. These
methods are used to lower the residual CF; and CH,
concentration in the krypton and xenon extracted from
the air by cryogenic concentration, to below 1 ppmv.
Another  application relates to the removal  of

perfiluorinated gases {PFC) or hydrofluorocarbon

. compounds (HFC), which are greenhouse gases (CF;, CuFg,

SFe, ©-C4Fg, C3Fg, NF3, CHF3;, etc.), effluents released by

- semiconductor manufacturing equipment. These effluents

result particularly from plasma cleaning operations on
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- 2 thin layer deposition reactors and plasma etching
operations on the sane thin |ayers. The very high

el ectron density of these mcrowave 5 discharges
(1012-1015 cm 3) is particubarly suitable for the
concentration (a few thousand ppnv) and dilution

| it 0gedy,d Ar %%&ti&lfe%ééﬂé of §hé”dgigsin ter%cglf%g

m nute (sl) conditions preval |ng at the exhaust
BT A7 e IV dQRU B eREngdisT st onduct or thin | ayer
10 deposition and etching equi pnent. In the case of
PFC, .the high ener ctron avai l apl e serve to

cnusd TS cifiht SToB) BIEFETED My oF Erest) BRgaHave

direHRREGam| ol es0lndhRer dby partgietyladlsy dissosbatefor
e t' me hese |11 sj prevent

e S olb e B e AP 2T er gl B fatd “PPAS B g ga (Bion

Mdgowed itousltimizi hy Specitesst oafg/u@mh@uabl giténal per

na%ﬂreodgﬁ@ D@Bhﬁ%h%ﬁ y &%Jﬁll‘éﬁgfé{éoﬁ:'h%e &}E}Wdéf

é%% can be renoved
[ P‘y?lm?F% thaﬁélU&hsP‘é‘tﬂPéarﬁ%y S@@h@@ﬁfi}léﬁaif thin layer
depsisittrieat ekt e3¢l ngasquifigmeexanpl e, reactive
adsorption or neutralization on an al kaline solution.
25 M crowave atnospheric plasmas are not generally in

| ocalnt hehaodyasam ©feqBEFC br toen (Wil , chetrgtyheglacerons

a%tlla‘léﬁ y dalyd e@vggufs'éo@rté'&usé Cconﬂﬁéié)gtl%-hgolllslons

Fectron energy distribution1s centered
Onfelealtq%rrfgnﬂ oW 3Gh¢al REES polesulesving Vilmrehselasgaly
diakgeingabenheaf elastic collisions on the heavy

particles, which has the effect of effectively
heating the gas. Thus, the tenperature of the heavy
‘speciaes ofiet mmedicime, nentsal scalnd 4 0mss ipS:eﬁb@tnt the

h about 1 t.he. 35 eI ctron te r
re%@%@a% %gevggalt éoﬂ%ﬁ%d f S S & e. f§| iﬁave
rgesitedblvel tlo peildtaingt h@pgases to yield stable final

products, particularly corrosive fluorine compounds
(COFz, 80F,, F;, HF, etc.) which can be removed easily
from the gas stream by conventional post-treatment such
as, for example, reactive adsorption or neutralization

on an alkaline solution.

Microwave atmospheric plasmas are not generally in
local thermodynamic equilibrium (LTE)}, but they are not
very far removed from this condition. The electron
energy distribution is centered on relatively low
values (2 to 3 eV) giving rise to a large number of
elastic collisions on the heavy particles, which has
the effect of effectively heating the gas. Thus, the

'.temperature of the heavy species of the medium,

neutrals and ions, is not lower than about 1/10 of the

‘electron temperature, or still several thousand K on

average. Since 1t 1is desirable to maintain the gas
c¢lose to the tube wall at a temperature compatible with
the physical integrity of the wall, a fairly high

radial temperature gradient exists. This is in turn
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close to the tube wall at a tenperature conpatible
wth the physical integrity of the wall, a fairly
high radial tenperature gradient exists. This is in
turn - 3 reflected by an increase.in the gas density
fromthe aX|s toward the p@rlphery As the denS|ty

known that the i |zat|on i el
%%??é%%%é aﬁh ?%elncrggﬁglﬁﬁflg €of?%he %%%}B%dfrom the
pawsiepeerdstbﬁomewe@heEycauéengh@ dieoys iitty ediests,onit is
gdepghtychgom the a?bﬁi%Q@@ég % l&tﬂﬁ%a%gésengéhd the

mechanismis even fairly pronounced because,

FerarbiRrbirew etibdhf arbeagsed( aphehi AR St hies plmmfwtlew

B@ub@ﬂ@eé firbbs ihhe1eritirte Wehe 1eR0FF R MO it toward
gﬁ ?In casgi The discharge is said to be contracted,
ess can evolve toward the formati on of

sever al 15 plasna filanents (filanmentation mechani sm

in rapdom . gaye 5o UBS 61050 980100, Tho: L,

zone ways exi s s at the ube per
gas ¥e1mthebbl der &nbet Héamkegetrsor adéﬁsn oy Z(IHeowelrasma

S@ncﬁor\!\ﬁ@fe the; di sseci atjion.of the PRG 4 ?&T S S i

| ess probable and their reformation pronDte
Tt Et ™ comi®action is accentuated with the
i ncrease in nolecular weight of the gas, its speed of

i R B R AL
robesss 3&d ereg?tdiez_r% }t/bearﬁhethecrm\amtp@meroﬁumﬁﬁeedal
pfadde AR 1(%in 6839800 ONnl DR AL BRT NN v andon

i NncCrease 1 n power has practi y no fect
eI Ha g othe Hellbadiabs pl el @ensi ty distribut i on
Thus increasing the power cannot ensure that the

plasq@}mﬁll 35 fill_the tube cross section nore
conpl et'Eiy, 8 zone always exists at the tube periphery

where the gas 1is much colder and the electron density
lower, hence where the disscciation of the PFC
molecules 1is less probable and their reformation

promoted.

This radial contraction 1is accentuated with the
increase in molecular weight of the gas, its speed of
passage, the excitation frequency, and the tube inside

diameter,

Furthermore, while a surface wave plasma column
lengthens when the microwave power supplied to the
applicator is increased, on the other hand, this
increase 1in power has practically no effect on the
shape of the radial plasma density distribution. Thus
increasing the power cannot ensure that the plasma will

fill the tube cross section more completely.

As a result, the useful diameter of the discharge

tube is in any case limited and it is illusory to hope

thereby to increase the treatment capacity.
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As a result, the useful diameter of the discharge

tube is in any case limted and it is illusory to hope
thereby to increase the treatnent capacity. - 4

Mul titube surface wave plasma_sources have been

devel oped to overcone this intrinsic limtation. Yet
the scaling-up possibilities are again limted by the

5 m crowave power that can be caused to circulate in a
si ngl BuhaiEghe desuIHiRGsheNABEe, P1d@ng adicalr celsechaom been

d@ﬁélé%egr%@‘%ﬁerééﬁ@t§h§§eﬂ%%?ﬂﬂ§¥d“ﬂfﬁﬁ@éﬁfoﬁhe Yet
throu yt is high 10 and the plasma columm | s short.
0 s SPEERG CRs PFFE  Nak k& arr8f A9 'dekthiieed oRYofthe

PEC-bWmanét pegen, wWdth ceal wyscagtelorgerciham ahoutn a

M_the ,contrary, in Kr/Xe purification, the
%f%%gg]wi%e%%f%%ﬁ nmeasures over 500 nm on average and

a conversion yield above 99. 9% can be reached for CF4,
al t ho as [ :ghl y t : -

1| anarsh Pnghe o TRe! GY Yo EOPLERR, REpSIRY gradient
horeetl &8 FOMEENGT rpheh,if hehehdbe asiteuti ngst digh
am@rahe fylesridhecedhfh 20szepestt.onard;the NothZ0RESe in
wher e tfe% h?vg bee entralned:$y di f fusi gn, )
RENVECHT BN 8F THFbASETEC TIPS OF s sdndBétEg9ERe With
da@loinit hatotunl dkee di Slcharges: i M5Midmogen or anot her

nol ecul ar gas, "quenching" or extinction reactions

are very limted. 25 A systemw th one or two tubes

can d¥althetaongasepusief Krisat sufridicenéoor thwe plasma

Bl det NAEDSEre Pl §EELT B0 ANALRTE érggkoﬁnﬁe%h%kﬁ@grgﬁgn
economcC advant ages 1n his confi atl on over nore

%%%U%n??%ﬁ%l993§%s&a@tﬁﬁ%sr%ﬁ%ﬂﬁ%s g@rﬁgﬁs.aiﬁﬁéVGh,the
wipeingd | DY Siilhdli anshid S RXi shdi Fiwaiehtamych higher is
cﬁ%ﬁﬁ%lé¥j%$ ?%%%fﬁ%%%ﬁeg?egphﬁll%o&g%u %%?' gfgng their
path, then have more time to migrate from the cold
zones toward the hot =zones, where they have been:
entrained by diffusion, convection or turbulence. This
is also due to the fact that unlike discharges in
nitrogen or another molecular gas, “‘quenching” or

extinction reactions are very limited.

A system with one or two tubes can deal with
gaseous effluents from one or two multichamber
platforms, and offer major technical and economic
advantages in this configuration over more conventional

solutions such as burners.

However, operating situations also exist in which

much higher capacity is necessary.

This is the case, for example, of the treatment of

gaseous effluents from the fabrication of liguid

'crystal display screens (TFT-LCD).




10

15

20

25

30

35

gaseous effluents fromthe fabrication of |liquid
crystal display screens (TFT-LCD). - 5 These al so
make use of methods for depositing and etching thin
| ayers based on silicon. Hoyever, due to the unit

size of the substrates (up to 1.00 m sides, conpared

with TH@S§0Q1381Hﬁkbmwgéméﬁﬁﬁé%héésaf§£'egpeglélng and
on) the volunes of gaseous

ocr L1ine sili
%ﬁ? h%%t£§%8| 3¥EEShYaFChaitbetl biCihe nBe¥eBeEr eIHBNFO

- theesnhitgherzd hah theseswosterddonahpy tbr datoed winsides,

] t larly f th fact f
QS E G L AN R B8 b Bk hahofs pUELFF Ho & Ficsn of
non@eenvisel bing he sliilididced scéhing- vplaues t o afadi ghseous
EOPL &t 4 OPe 1 84 JDSPHET LC dﬂa?rﬁo%‘ﬁa\/& p{}ﬁé R £R08%L ve many

provi de an appropriate solution for t
F catiPRL  15ham| sthﬁﬁgesc@ﬁéreaﬁe@némbf trpdrag ain

Iiﬂﬂy}_ed)el'@iM‘Ll(ﬁEﬂd ﬁaga§@em§r@§7f | ent cheealdmitadeyiceos
t he high throughputs of these

bl e
0 S D S e S T S A T P St

and a 20 novel gaseous effl uent treatnEnt devi ce, at

substanil ald yopt %ﬂhﬁung RLeSSU e, LoD g”em Y hQial

known treatnen I Ccl arI i crona
QQQﬁﬁ&ﬁﬁﬂQﬁdnal@ﬁéﬁﬁ@@EbyC8urﬁa®€0W@wes p3aAmeor dcagnot

groand hat éﬁﬁ%ﬁﬂrzé%élgaﬂﬁﬁidﬂwggfﬂﬂﬂé%e %gh&h@%ﬁions

nmet hod and a device not subject, or less bJec than
known nethods, to the [imtations inposed by radial
pl as rmllcsorntaf:a@és Othe 3§r5ble&R\6fO§f1H£rﬂgN\éEl\H<bx€é\L Thethod

e on, uses_ densit ectron
I P B L R b S P ornpaaeteibhe it
tare HM@%ﬁﬁpamQhﬂdbﬁ orf rierdley €fif livedutet.i ve coupl i ng
node, 35 widely called "Inductively Coupled Plasnma" or

Another problem is to find a novel method and a
novel gaseous effluent treatment device, at
substantially atmospheric pressure, complementary to
known treatments, particularly microwave plasma

treatments maintained by surface waves.

According to another aspect, a further problem is
to find a method and a device not subject, or less
subject than known methods, to the limitations imposed

by radial plasma contraction.
SUMMARY OF THE INVENTION

The invention uses a high density electron plasma
maintained by a radiofrequency electromagnetic field at
least partially or mainly in inductive coupling mode,
widely called “Inductively Coupled Piasma” or

abbreviated to ICP.

A primary object of the invention is a method for

treating gases, comprising impurities, in which the gas
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abbreviated to ICP. A primary object of the invention
is a nmethod for treating gases, conprising
inmpurities, in which the gas - 6 at substantially

at nospheric pressure is subjpected to a radiofrequency

i nductively coupled plasma (RF-1CP) discharge. 5 The
%@vga$éeﬁh@&é§urGA@ﬁ§§pﬂQr9cs%§&§§ﬁ£9flsté&ﬁ5begeaa%%s

| asma, conpri sing nmeans produci ng a
’f‘"f‘%]a‘?feﬁe‘ﬁ%e%f:ibr ed8dreti¥abyt amgumieg eomlaqism@ (RF-ICP)
@i sdisphps j ¢ pressure and nmeans for producing a
radi of requency i nductively coupled 10 plasma. An
RF-1CP plasma serves to reach a high electron
densine pﬁmténuiamlyaﬂeocommambamw\Mdr1afosyexamplépr

lLegctr b dis
@Bén: c§p§0|t¢ge 2%up%%Hg rggﬁégrequ ncy p Rmdcr
W@#Félrfrﬁ)r ed t h#a®l edtor onbdendinaatiad RFaECP a pl agsgsure
4o general 1y, hbghstn Hﬂﬁnaﬁﬁéé?wgfﬁg %@@sg%réﬂgﬁwnﬁgans

n an at ppspheric m crowave asnma gartlcularly
ei tReP Jap%ur?acéa%QEreqH%nBEhaW%Pc fvghyRFcoupled

plakieti vel y coupled plasma is further substantially

different fromthat of atnospheric m crowave
di scharges with surface waves. 25 This behavi or makes
it amralRErhafi péasmacaymiwrentar yeanediaunhigh electron

'c?éﬂgiscﬂf‘eréal?r{‘% Pé(‘;ﬁi’fr ha%%?npa%s%e%h po??feéxample,

partl cuI ar puri cat1 on an
@B Ohyd %%@ﬁl@rﬁﬁl@mﬂc@m@m%%s a®hosphbrmginly

RIRESWH 6 IOuNIERG alhelh frGhRnsy RialsERspl asmas are

not restricted to the sane scaling-up limtations.
Radi of requency i nductively coupl ed di scharges, 35
cl osenrahleatmiret, her thdynalice- 0@ | | Behadt¢(LTEn RF-ICP

plasmas 1s generally higher than that which can be
obtained. in an atmospheric microwave plasma,

particularly excited by a surface wave.

The behavior of an RF inductively coupled plasma

- is  further substantially different from that of

atmospheric microwave discharges with surface waves.
This behavior makes it an alternative or complementary

medium to atmospheric microwave plasma for treating

‘gases, particularly for- their purification and

pollution <control by plasma, and particularly at

atmospheric pressure.

Among other factors, RF-ICP plasmas are not

restricted to the same scaling-up limitations.

Radiofrequency inductively coupled discharges,

'_close- to local thermedynamic equilibrium (LTE) ,

effectively serve to obtain different and complementary
physicochemical conversions to those that <c¢an be
accomplished by other techniques, and particularly by
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effectively serve to obtain different and

conpl enmentary physi cochenm cal conversions to those

that can be acconplished by other t echni ques, and

particularly by - 7 mcrowgve di scharges which, even

at atnospheric pressure, are relatively outside LTE.

fﬂ‘@rbﬁ'y ﬁt' Q{l§tﬁ{ ﬁfe§ N panihcul ap kg maintain B in i o
di schar ges, nductive Kode W th a fransverse

%F%%%??%ro@qu¥%¥a¥yﬁ%lYi@m%$vi%t¥®%ture or in mxed

nodes coupled with the transverse magnetic or TM or

type field node, which both fill a_large part of the

tube CrosthERREFGR. SFHESH éﬁe?éFtéFuéLaEh oM Ay RE~

10pP beimjhmeﬁas% aﬁd 166dnent Aie atmEpheti-e paeS:SrlﬂrfEsverse

ve e hi t uced pressure.
%?equgﬁ%lgs 3gr acg%§%|%giééaf%eq% Ct%ﬁethgrt&Pcﬂuxed
raede s t koupdwel | Witbthm) Meznavelrew poagnetip toor 1080 or

gﬁge @rfl@Y@nmégekH%hﬁgﬁpﬁﬁﬁﬂg foih Igﬁ??EaEgEt of the

tec nol ogy. hi's serves to treat roughput

%egrot‘%énﬁ%@%ry Thet Hogmetesatadd pYchi sPswhge may
pecbaelegy. sAcgnndilmg thnone %@mmlctb@edbﬁgear G&d

uses a_ 20 lic ass tarch, for | e

olibl EVRAI | S]Cfe‘or ﬁeﬁbarat i%n oFeﬁu‘E% %ﬁ%%ﬂﬁ% The

et qweercide tawy wattsrditg nhy ahsosmse afr efhreadtcarch and
t

Eﬁg(ﬁb Pr %ang%rgegeg%gw gé% ang a torgﬁ kHz, or

particularly a s

Aerord ngia o‘ﬁc‘éﬂcflmltflrfért@/aﬁfh%rﬁenqrrfet@i sedetigrel ames  a
metal torch according to the cold cage segnentation
techni.que. 30 Accordlnq:to anot her variant, the

i SOl eSS Sd artdeddet TG TemiTR e Hondanges
a0 1 AN t&d:fhd |tomdtetcr eat Nt xoOHFe XSl &Logy .
using a 35 reactive elenent, can be provided, in

order to cause
According to one embodiment, the discharge uses a

silica glass torch, for example, with a double wall for

circulation of  a cooling liquid between the two walls.

It may also use a refractory torch, for example a
ceramic torch and more particularly a standard grade

alumina teorch.

According to a further variant, the discharge uses -
a metal torch according to the cold cage segmentation

technique.

According to another variant, the discharge

comprises at least one temperature zone above 5000 K.

An additional treatment, for example, using a
reactive element, can be provided, in order to cause
the compounds resulting from the plasma treatment to

react and thereby destroy them.
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.the conmpounds resulting fromthe plasma treatnent to

react and thereby destroy them - 8 According to one
variant, the treated gas throughput is between 0.2

and 25 nB8/h. The treated gaﬁ contains a perfluorinated
(PFC) or 5 hydrocarbon or hydrofl uorocarbon (HFC) gas
as SpeEtESying be fJ eabgd by, plagie. TRLS 988,184 eb0T gas
exanple, a rare gas or a gas |ssuing froma reaction
UHEQRERPUL bt thetifest 0 ih amé 29 eRdTof seni conduct or
production. 10 The nethod and the device according to

re_noreover particul ,Sui tabl e for

h ' ' |
:rgaf#ﬁ%eggéggegoﬁﬁ?ig?ﬂbabﬁ ebu®® hﬁ ﬁP@tﬁgsd?ﬁg or

- Hydrmeeadiepl ay dordsnt Inmmdecthsn ngEPCOcesss &8 Whiectes

fl t ma [ a everal ,15
%??%?saggg%ﬁﬁngﬁgi%si%ﬁélpn g?%sggﬁgdg%'téﬁée?g ﬁP%e’ a
WP PResstfe £o/dst | BHZYING orf mmmnpl erdatween Theimper,

ek 20115019 O &ad Oﬁi%l&foﬁosoerﬁfc@r%pc%fnﬁ\%du%teion.

counting the addition of dilution nitrogen at t

exhaust of the primary punps. 20 The gas to be

t r eat®k nayeahsg bena gmecohrawifswg a@%@ﬁ@ﬂﬁg to the
effluents issuin roma met hod.for producin 0
ESP%ﬁ#ﬁﬁnhatéfﬁalgm%?e?%‘retgﬁf g€ agﬂgani%ﬁg%ﬁb{e for
tyeedtimg fdeate ss croveps igvd rge nmigaereduct o fdue2fs  issuing

Y CONAYGHNAG NoANAUGLLDEA R AL Bheghid e I Ny} agli sy,
or substrates, for exa e conprisirg “gaseous
tdyer | géhlgenitssthaguehpta merhodef oRsprivbiglei P oseveral

GneMNPpeBiBibed S(Omf Oueichi BY2ARacheaBhAEr  ure and
con ayers. g 35 The reactor may
Y

treating Siéé thin_| 5

PSS WE LT or §RFi ARPRGLepRsitsssmsit i 980 r 88fng0
slged éor amcooel rodi t100 to 2000 slm not counting the
addition of dilution nitrogen at the exhaust of the

primary pumps.

The gas to be treated may also be a gas comprising
gaseous effluents issuing from a method for producing
or growing materials or for etching or cleaning or
treating flat screens onr semiconductors or
semiconducting or conducting or dielectric thin layers
or substrates, for example comprising gaseous effluents
issuing from a method for producing or growing
materials or for etching or cleaning or treating

silicon thin layers.

The reactor may also be a reactor for shrinking

photosensitive resins used - for microcircuit

lithography, or a reactor for depositing thin layers

during plasma cleaning.
BRIEF DESCRIPTION OF THE FIGURES

Figures 1, 2, and 4 show torches which can be used

in the context of the present invention.
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l'i thography, or a reactor for depositing thin |ayers

during plasma cl eani ng. BRI EF DESCRI PTI ON OF THE

FI GURES Figures 1, 2, and 4 show torches which can be

used in the context of the present invention. - 9

Figure 3 shows a system for anal yzi ng gases after

plasma treatnent. 5 Figure 5 shows a diagram of a unit

for producing sem conductors and treatnment means

accor dirAgTeo 3t HhowhvensyehemDESCRIGPHION IO gases after

BYBOREMENES tERTHE | NVENTI ON 10 As shown in Figure 1,

a radi of requency inductively coupled plasma (RF-1CP)

is obtained in a gas confined in a tube 2. 15 The

exci t a’ﬁ.igumenfﬁag@hmﬁmﬁéi &H_aaﬁ:dnnob%t%r uhit S opRSHnging
. n Lch_is_traverse a .

Pa PR REy” (1 e T FE R Beserdng to the

déommatted-t o radi of requency power generating neans,

not shown in the figure. 20 It is thereby possible to

mai ntain_an RF discharge, particularly by inductive
PgéﬁﬁﬁﬁaFOHe@ﬁeEWBOPﬁgE%ﬁéu@FOFHE,Iﬁﬁﬁéﬁléﬁnstitutes

the primary of a transforner, and the plasma 6 which
constitutes a .25 single . turn secondary. The fube 2
ServetSt 5Eeufl e Fmlis dumet AR SR HHSSetively
conpdetl pdtaween t(HE-IO®) canduditarisied win ch aas tdenfined

%HdHCEBEe4 and the plasma 6. This tube 30 may further
e equl pped with cooling neans, not shown in Figure
1. Inthis Figure 1, the nuneral 10 denotes a plasmm

gener @hkNgegastat 9bneXalRhe NidAPI8Re the gasid-Rs 4,
surrounding the tube 2, and which is traversed by a
radiofrequency  (RF) current. This inductor is
connected to radiofreguency power generating means, not

shown in the figure.

It is thereby ©possible to maintain an RF
discharge, particularly by inductive coupling, between

the inductor 4, which constitutes the primary of a

. transformer, and the plasma 6 which constitutes a

single turn secondary.

The tube 2 serves to confine the plasma and to

‘prevent direct contact between the two conductors,

which are the inductor 4 and the plasma 6. This tube
may further be equipped with cooling means, not shown

in Figure 1.

In this Figure 1, the numeral 10 denotes a plasma
generating gas, for example nitrogen, the gas to be

converted by plasma being the gas 14. An auxiliary gas

12 can be introduced to adjust the properties of the

plasma or to carry out particular chemical reactions

{(for example, an oxidizing gas such as oxygen, steam,

etc.) .
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35 converted by plasma being the gas 14. An auxiliary
gas 12 can be introduced to adjust the properties of
the plasma or to carry out particular chem ca
reactions (for exanple, aqle|d|2|ng gas such as
oxygen, steam etc.). - 10 is also possible to

i ntroduce a plasm generatlng gas 10 already m xed
with a gas to he treated. Accordlng to anot her

vari art, afd PP eROPEIRNE dFSchafdaosislsi | 2y Rhasma
deatergrieiaier gaper ati ng1rbhayi bl kéy, wbehcan kesmade obe
assel étles of several concentric tubes for

ﬁ%ﬁ% cing various gas streans 10 into the inductor
zone. This assembly of tubes is generally called a

torc ]QQ?J d caLo fr es ed for
ex0|?§$%) |elg5 rghgg% rom th aH& %. ié££m5508f
ELhaF 9E00 MRk L sy nor@dforf@s(anpgée@bezoo peieratheg

fAQUELI9URR) | 8ds8BYan QN Ax@IPLe. iR 100 Qév@ral
few hundred watts to a few negawatts, for exanple

36 Sv brPSB0 @P?()lftWRﬁUSﬁng MUZ L Pias c @aSentreams
igemer ahengmm&nsoaar eocs@l.ect ethiacaeedinbly. o0 tubes is
r di ven ian an RF- ICP di scharge is
gAghngl dcgglpress EEH ShbEFRACACY -at mospheri c,
rangi ng between a feM/pascaIs and several bar, for

exanghe @E 91<9§ g%dorfoof 1 jpar RE! &(%@a‘?ﬁ’lcﬂ{]df}egd

25 bar_or 1. ar or bar “or bar . e pressure

RIS rféoéutfl%tk%%r a%pr beBskHes OrfnngfOf |kéi2erﬁ0 ok0 9 oz , or
fo@:re, DA eamg han: 6. iobaMHzpunmnwp&a&s S@ko Pﬁe&'sﬁg

reac the desiped p sure at |nIet 3
f@l 0SEYE §'t ND% fjé L@@u% aorteM n%tlﬁ"éhﬁx
feange@amm¢m$ateﬂnabQM@mphmdfrémtheofweqmem©w doeaanDth

o?ﬁgﬁeﬁwqrou%%egocg§9gﬂ§rEﬁn&§y¥%fﬁ% HgggggoESxJoggiected

accordingly.

According to the invention, an RF-ICP discharge is

generated at pressures, substantially atmospheric,

- ranging between a few pascals and several bar, for

example between 0.05 bar or 0.1 bar or 0.5 bar and 1.2
bar or 1.5 bar or 2 bar or 5 bar. If the pressure at
the outlet of a process is insufficient or lower, for
example, than 0.1 bar, pumping means can be used to

reach the desired pressure at the plasma inlet.

Close to atmospheric pressure, or in the pressure
ranges indicated above, and if the frequency does not
exceed around 10 megahertz (and is therefore lower than
10 MHz or 20 MHz}, such a plasma discharge, contrary to
atmospheric microwave discharges, 1is considered as

being in local thermodynamic equilibrium (LTE). As the

frequency rises or the pressure decreases, it deviates

progressively from LTE.
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10 MHz or 20 MHz), such a plasma di scharge, contrary
to atnospheric mcrowave di scharges, is considered as
35 being in |local thernodynam c equilibrium (LTE). As
the frequency rises or t_hgﬁlprwessure decreases, it
devi at es progressively fr LTE. - 11 The gas

t t h
her el ire 4R  aac T Re PRotdu B SRS AT Bl
s e eges npre bhereseroutsffereqti Frpmi uhpsesuehdas'lth

sldRee wamenm gravayerdi gehaiges. St Neekiibrium,
possibilities are avai] abl e for devel opi ng gaseous

SIFR LTSI B FrefA & iTh & IR AR 9%t - practi cal
industrial cases. 10 This type of plasma, without

el ecty,0des, further on tes a h| h purlt di u
and ¢ }?‘1”‘Sadvart)ncfvaeg}eoUEWSlée%L gfﬂe?ed ?16 rretah arbﬁ for
devdeisepinad gasspohs uteﬁﬁlue:mmt rbreatndeptml ficat eonlarge
s & gct of the plasma
%%ng%ﬁ% %s%%%%%tlei}ﬁﬁw I Tt &gnt nol ecul es. During
the cooling of the gases after passage through the
pl asngnid h'tﬁpd' SoSpCp;_a&s@a S@rrl\ta%utto sedorm@hs, further
dlfferent C npi nati ons, havin

‘iﬂﬂ/% g t’t?e?n% lg rB‘;BJéJrWe’%e +3i ARE F?’Bwﬁfiﬁé‘géaaﬁotlﬁéy
beni taipdl ieddl eoul msthdhss, fer t hierdudtasies ISpecises pbeirakion

%&'{1%% any %%ﬂl a%c_LL wt .age af and defl nitively as such

gas ream or ey are rem)ved t heref rom by
conpl enmentary treatnment neans. The outlet of the

pl asn@g. reacte %r‘?[%lc ted 3Q Of s &4 that
extraciion system for co ec in he g S streamin
S S ARt R e PLIIMEN G natle - conpl enent ary

treatment nmeans. These treatnent neans may be
partiﬁaﬂfﬁé)lgg tcgollng of the gases after passage
through the plasma, this dissociation serves to reform
different chemical combinations, having physicochemical
properties distinct from  those of the initial

molecules.

- Thus, either these species remain without any
disadvantage and definitively as such in the gas

stream, or they are removed therefrom by complementary

treatment means.

The outlet of the plasma reactor can be connected
to means or an extraction system for collecting the gas
stream 1in a sealed manner to convey it to such

complementary treatment means.

These treatment means may be particularly of the
type based on an irreversible reaction with an
appropriate solid or liquid mediun. Thermal or .
thermocatalytic treatment means, or adsorption orx
cryogenic means, may also be used. One example is a

reactive alkaline ' adsorbent used to remove the
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35 type based on an irreversible reaction with an
appropriate solid or liquid nmedium Thernmal or

‘thernocatal ytic treatnent means, or adsorption or

cryogeni c nmeans, may al so_ used. One exanple is a
reactive al kaline adsorbent”used to renmove the - 12
fl as ul t th

ggﬁégfg‘ly%n ofIPlE e P%%&Vaﬁao&rigétypfeés%]f t rchefcra?rI}]n be the
ceeuershen chbi B BF¢hereof depending on the planned
application and the power enployed A flrst p033|ble
type gf torch |s a sﬂﬁlca | ass rch. Thi teH
i s used torsi M er cﬁFnl St MER h didice
phepest i e@pe‘ﬁl@mgt ygpe ahet opTénnedi pipidedtifor dow the

ions, for exanple from1 to 5 kW
g%%%dé@g %g Size and throughput. As the power
i ncreases, torches having a double 15 wall structure

can bg §§§gt defsisnibng %EqutSESE'Ebﬁ'J§P@§8559£ca glass
C|rculat|ng a coolin ["ui d water. In

FAEED - coRthar Pt TR tJébdﬁﬁ%dlﬁ°¥hé¥526hermom90hanlcal
m:p@m@tneqpeﬁpyrtaale, wah ek dﬁﬁﬁe net %&Sﬂﬁniémi'n)tended

bso b the electr netic e radio uen
B e PR oS D cgRabr B bEOR, & S0 S
an@ﬁmmichi¢uﬁmz¢r&nﬂ#&hrdughpwt.of whi ch the choice
is not always an easy matter. 25 Wth such cooli ng,
power |evels of about 50 to 80 kWcan be reached.
Anot He? e RAWPos$nBreaseseh torelies r 8fvasdory dggble

DI Chsthaecaxanpla ab@er@é@& t Qle@hiniGae £t awbagk @fitial
cooled silica to ches is their brittl'eness, and their

Tttt $E&vi CETFRERT %ﬂgtrﬁe opdd s £1Edfr gghieh may be
wdter i nated environnent. On the

In fact, contrary to what OCCurs in the
hyperfrequency range, water does not substantially
absorb the electromagnetic power in the radiofrequency
domain and hence there 1s no need to resort to a

dielectric heat transfer liquid, of which the choice 1is

not always an easy matter.

With such cooling, power levels of about 50 to
80 kW can be reached.

Another type of possible torch 1s the refractory

torch, for example a ceramic torch.

One drawback of cooled silica torches is their
brittleness, and their short service life in the
case of a corrosive fluorinated environment. On the

contrary, ceramic torches permit operation without a

‘cooling liquid, up to power levels of about 50 to

100 kW. They are much less delicate than glass
torches, both from the thermal and = mechanical

standpoint.
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35 contrary, ceramc torches permt operation wthout

a cooling liquid, up to power |evels of about 50 to

100 kW They are much | ess delicate than gl ass

torches, both fromthe thermgl and mechanica

standpoint. - 13 Contrary m crowave di scharges,
relatively comon ceram cs can be used in standard
puritE grades, such as commercial alum na. For

exanp @nt5398@6ﬂ&Pe pignavave cehvehergrally relatively

a¥ambablee ribfi bebes ofphyankeys 1n5 Is%@% dal L3t 0gHesr Qe s,
technical materi al pliers suitable. In fact,

fHe e 24t ec?f&mﬁ%b?%nﬁ&&@l&ael ecFPFc RISy | Acdsipigre

wil tin1 hepp ercatuare:, i odied 1ty0 ahellanpaglm esulbeesicduesa ofous
. r I out.sli

AL Gl 1 BOCaNEYAORE AT iSVe A3 WD L PRk 1

ﬁtliBah$eG—lzincéﬁC¢au§é16fr@| Ian@esmc))pndtéram of uhbevbyctric

- MBgbapi sk cdLading toithe CQQ@&@Ia{ﬁEe M LVAVe,  the

at nospheric di scharge tubes a specific and costly
h‘&PEFiLBILe§ucHI§§l§{u@ﬁI nutd ni ?FPH@IW% wémglersy hjwhich,
Wtswesm fr&aibeaéqubﬁcgenﬂr@m t hepboechuy@l Mz and

DREPELELAL R CRr B oL os2Ed DL 18 8 (el 36l O e
tayaways mhﬂmemusmﬁnmedeaamngIWMmd ttyyee othpassi bl efor
1{19&9 ét?etl'éet %ﬁl Q{Claiscﬁ?sgal 23}&%%& fseg ogpecific

nments |n ers
@W cgpat pnmathe ledr ramtts dhdatedibym ﬂhémd@uo\umh arery

6l gsesyalt§ heosur fasgr pfngach finger. 25 A current
accordingly flows on the inside of each finger, the

i mage of the current flowing in the inductor, and
causing tdenappear anee @boram | Rducedremperebhren ¢ be

f%é?gggegoby using a refractory that does not require
cooling. The cold peripheral layer is thereby reduced.

A third type of possible torch is the metal torch,
consisting of a set of metal segments (or “fingers”)
cocled by water circulation. The currents induced by

the inductor are closed at the surface of each finger.

A current accordingly flows on the inside of each
finger, the image of the current flowing in the
inductor, and causing the appearance of an induced

current in the plasma.

Everything proceeds as if the metal wall, due to
its segmentation, had become transparent to the

electromagnetic field.

This type of torch can withstand power levels of

about one megawatt, and can be used from 5 kW. Its

: drawback 1s the direct 1losses in the segments

themselves by the Joule effect. These losses are about

10%, and depend on the frequency and power.
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Everything proceeds as if the netal wall, due to its
segnent ati on, had becone transparent to the

el ectromagnetic field. 35 This type of torch can

wi t hstand power |evels of _ V\%o_ut one nmegawatt, and can
be used from5 kW Its drawback is the direct |osses
in the segnents thenselves by the Joule effect. These

| osses are about 10% and depend on the frequency and
power Thesgqmesajotppebesmatgl stidtelds dice diia amle ytdron

tbet pol | Utﬂx%tnﬁ”e@iﬂr%f”%tr Renth ofh vegy shi ghhgasghput s,
t hrou hﬁ% i, gartlcu%@ % 6&gfn 20 and 400 1/ m n.
RathtQUnethY PoreRen db§ &f13nd operating at
hi gh power, can be used to increase the dlaneter of

the p a r [t to roach th The N
perip%§§gﬁ z%%gaﬁs%ilggﬂby fg%ﬁg % 3§8ral yp s %%lng
dt sbhahgeovan, beagbtled neskd ebehinhavang $pecidilameter of

gnérﬁfs%sghasfo%@ iH car aEEr'b)éE% %'h%c V&ﬁgﬁ 'S[‘Hehecold

specifically 15 1nductive diScharge. Is type of
AP st ERl %ﬁ%elhﬂuE%%r%@Yr€%@uc¢¢nes close and form
the secondary of a transformer. Thé discharge then

assu s t he. shape of 20 | umi.nous. obl. on
ey iae Res o D YBhdred et re BpR 8 Rahe, cach
appliedspenct casesarioreekamjpte. from5 to 60 kWin a

35 to 50 mm dianeter torch, the volune of the

di scharge i ncreases 25 in di ameter and | engt h and
progressi VB('y o1 | TE thpe ehtsiohandsbel er 688 swadigni.caldy

LONSEHILNCE; s EYLPgL Or high tube inside dianeters (for
exanpl e several cm for exanple at |east 30 2 cm and

up to 10 cmor 15 cm, it is possible, by
In this type of discharge, the induced current

lines close and form the secondary of a transformer.
The discharge then assumes the shape of a highly

luminous oblong candle flame.

When, at constant pressure, the power - applied

increases, for example from 5 to 60 kW in a 35 to 50 mm

 diameter torch, the volume of the discharge increases

in diameter and length and progressively £fills the

entire tube cross section.

In consequence, even for high tube inside

diameters (for example several cm, for example at least
2 cm and up to 10 cm or 15 cm), it is possible, by

;applying a sufficient power, to maintain RF inductively

coupled plasmas having a significant action on all the

gas molecules passing through the tube section:

This is a major advantage for certain applications

compared with surface wave microwave discharges which

are affected by - the radial contraction. and

filamentation.
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applying a sufficient power, to maintain RF

i nductively coupled plasmas having a significant

action on all the gas nol ecul es passing through the

tube section. 35 This is a fmjor advantage for certain

applications conpared with Surface wave m crowave

di schanges wWhigheraye alhigeted by tf\%ézﬂfﬁ! 8huch  higher

contraction, and filanmentation. - 1 is property

§BroEEPPHLEr edtP mifh HiYhdrMifiar odHpRes, iggregsang the

dhfibBr Wit BodEmbNabaagksy the nunmber of plasma

nmodul es. When the di scharge approaches the tube walls,

the heating of the tube increases. Cooling neans then

make Whenpda$s bliesdiamperaperoethabl yhat tthe hiaggHest the
. leyels. hg "E" Qr. . TMt di 1,S. ]

PR B anoar T8 SO GRS e (T deue difed Thake

Lengtasmiinad |, tor dpenate folhablya dtunimeudigbedite power

akongst he tube axis. This type of discharge is often

surrounded, 15 particularly in |arge dianeter tubes,

by a less |um nous diffuse zone. In this case, the

currebhel iIMEES ofr €Mty 0sHG.chandd hes diischgige form of

FRBUHE s A1 6 R B e i Tl o Rorthe

Ebomedf &héymaneu20nemdhel ahengt hha tnbehextase of the
H di scharge, and the power is lower. This type of

di scharge is hence not truly of the inductive type,

but rabher &Pehe ofcapikseharegeypés 2RIASNE tsgerounded,

ghsehangerig ofihen 10hsRy ved dheed Ngtype YPONpanial i O ss

ust before %he switch to induyctive npde. As to the
{ReHCuP sEhhfgae FPBecurd  GaFS W | SHEF Sbet ines
dremi2fk cmlioemnr eahiantHe mdafdd@radde results from the

capacitive effect existing between the turns of an
inductor. Since the currents are not closed, they are
much lower than in the case of the HE discharge, and the
power 1is lower. This type of discharge is hence not
truly of the inductive type, but rather of the

capacitive type.
An E type discharge is often observed fleetingly
upon ignition, “Jjust before the switch to inductive

rmode .

As to the mixed discharge, it occurs when, in a

. long tube, from 20 cm to more than 1 m after the

inductor, the power applied to an H type discharge 1is
progressively increased, for example above 2 to 5 kW in
a 30 mm tube. Prolongation of the discharge is then
observed outside the applicator zone, in the form of a
needle terminating in a wvery elongated cone shape along

the tube axis.
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‘inductor, the power applied to an H type discharge is

progressively increased, for exanple above 2 to 5 kW

in a 30 nmtube. Prolongation of the discharge is

then observed outside the %pLicator zone, in the
formof a 35 needle termnating in a very el ongated
cone shapg, Along LA LYPEI A Serattls, | 1M 1808 sition
control |l ed generators, this transition correspond% to
EOEESISRONAST desed i Aaphrr eMCreafP hthceurranpeownand |pence
tihegewirxed conditions, increasing the power has the
effect of increasing the |ength of the slender

.downstream part of the discharge. If the throughputs

are nat: toioedd gmixfear exatpbéoni) 2hdadgingn ahd0 power

B%%etﬂg“% ég¥i§€ngﬁé£ Q§i$§r¥getge%§¥gl%% GUPI O SSer
sol'utions ‘al'so taking advantage of ~an increase imn
deyngéneent paett ofr éhaf disehilrge.conver si on

efficiency, without the need to favor the radial
expansi on of the discharge, and thereby nmaintain 15
the t Rér HI® | OAERIGRPERE RAFI T o FeabbiRbl € Fevtanple

Bor lamgnven @eametmy tudfd pedd ikitad |dbrditidniPpesedfe to
glxe dlsﬁpar es,_an |90ﬁease kg_elect§10 pogpr £
&bt in Hii%eaSRPh PP s 58 265514 t PEJPRERYS ©

Bfis 201clicsrast erjnandebédeeca r edinst i oo of rehefoalcd the

‘EBH(}g?EXonl aé’ﬁi%il':er}érf}?f g&%ﬁgﬁ%gﬁ&r{ﬁ}d?%g{ g:goa%ﬁa&g%:;lptehe

power 1 ncrease y a |ncr.ease | | .
drdéhar ggpanskent RE $hendhirs dowstr eaf twmehyf maedin

dhechaegrsl hagathenfehbowhng advantaggsnabye level.
i ncreasing the residence tine of the species, they

experi ence a higher probability, during their travel
i n 30rbhe adi gohat ggeonétppyi RGid rgapdilecodid; in H type
Bfrl h}%gl Cfi7.40nC aJ:t oest he ar}lot i%%r%tér aIe zone, ndter,the
8 fec 0 Jf (1 (ﬁ,], r . as in eleCtric power
results in an increase in plasma size, particularly its
diameter, and hence a reduction of the cold boundary

layer.

E type discharges mainly react to a power increase

by an increase in length.

An E type discharge, 1like the slender downstream
part of mixed discharges, has the following advantage:

by increasing the residence time of the species, they

‘experience a higher probability, during their travel in

~the discharge, of moving from the cold peripheral zone

to the hot central zone, under the effect of diffusion,

convection or turbulence of the flow close to the wall,

When the pressure drops, particularly to pressures
close to 100 pascals, all the types of discharge tend
to increase in volume and progressively f£ill the entire
confinement tube. At low pressure, all the discharges

obtained in a chamber surrounded by an inductor are

- mainly coupled capacitively: since the carrier density
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-convection or turbulence of the flow close to the

wal | . When the pressure drops, particularly to
pressures 35 close to 100 pascals, all the types of

di scharge tend to increase iy vol ume and progressively

fill the entire confinenmen tube At | ow pressure,

2! 1 gf&ch@agféntoagﬁg%g 1l 1%%61"50%{ ol e ST

an i nductor are naln up capacitively: si

%@C*éﬁit?l é#ea@nbﬁtyeenlt ej §umw lﬁhéscmﬂﬂ@ﬁw dt@n@ ttyype

HePBhAsgtOW and the axial electric field between the
turns leads mainly to E type discharges. 5 As the
pressure increases, and under coupling and power
condi A& ongel @a@ism@r@t Jatcmwapjwi Carm essdEe t:@ugmmbl and

t he tr.ansit serve

bYREE L PERURE RS s A PR RSt SoPF S abEe e, 2

H0 Theedi sdbahgegehen thapi di yarreicoimes hlghlybserved to

Lpghgouse dhus, Lype, gér@égf»f@ 42 AEN daaly Ao ol

t her nodynani ¢ equi | um or very c L

reduction of the plasna boundary Iayer close 15to

the vehd ofgidendeseh plriays andgmpant amberd?JIr%sfrO@ﬂglPl‘?Ly

%leld stand&glnt In this zone, the plasma is ol éd

YA wal FRLFh&VpEs &F RISy %%r%ﬁ@ﬂr@hvglycard 15cal

’zlnman@dmaheirmeeqlmlmngmmhem etk dlicgde HempER at ure,
the nol ecules are not entirely 20 di ssociated, their
reformation is favored, and conversion is inconplete.
It isTheot redueciahl wiposhe bpéasmahéawraiaza/rylmf@h close

vgl tnkegnenatd ecid t POUtncayslag b L6 1001 0F £rom
5 this wall. It is therefore |npOSS| to obtain a

veri§ilen SW%@HO@F"C exactPy Boo% tZﬁ’F’@ughtFﬁl Plasma is
ERPrefchy bﬂﬁxih@alledUQMkﬂng@Beéh@aé@ﬁd@ ZRPeugh 088 i s
a%&heva pl ays g gO| or r ol f%r high
appr oaéhitfig tii gaFe1i M %??ed @9|8ﬁ car® be19
otree mead: ey Vartbes maysledgﬂes are not entirely
dissociated, their reformation is favored, and

conversion is incomplete.

It is not materially possible to have a very high

wall temperature without causing the destruction of

this wall.

It is therefore impossible to obtain a conversion
yield of exactly 100% through this approach, but the

reduction of the “cold” zone close to the wall plays an

_important role for approaching this ideal limit.

This reduction can be obtained in various ways: by

the choice of the type of torch (materials, geometry,

'etc.), by the plasma power, by the choice of the mode

for coupling the RF power to the discharge.

One field of application of the invention concerns

purification and pollution control.
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the choice of the type of torch (materials, geonetry,
etc.), by the plasma power, by the choice of the node
35 for coupling the RF power to the discharge. One
field of application of the;jgnvention concerns
purification and pollution control. - 18 This may,

for examsl flayG OTER! R:deR® 1RUN Iddr AP HY piPt 2878 Ofon by

iggton/x non mxtures [eaving a recovery unit added
Po2gR2ai PL gt WA ALSTHT | AdPAITAS oneavRe8y a recovery

lun'ptermldeailrocm ef whirchyds deparkbedni ﬁm@lma&tllo@ﬂ Ehe

| t |.sQ possi,bl e t .hi,
UsRLEREn R sel' gig AR 0T SedeFrabha glhamntiggtion EP
BaPdVer%dases, to renove gaseous pollutants which are
i mredi ately dangerous to 10 life and health, or
harnful to the environnent in the |onger term These

are pafFtiéulEEY P gtk boat paghegordanmesd-ragrions and
mﬁdwﬁmﬂdﬁgxﬁﬂiﬁmb0@eﬁ§k§ﬁhﬁ@'%ﬂé%ié¥ gdSes, to remove
dr ochl or arboqﬁfo n Un| i ke other ty
oY eEPhanea TP IR R
EQﬁelehdlhnaﬂthu dowhpresalr o tihe eadiobnmgHendy, the
%gggg£i¥§kﬁ coupl ed plasma 20 technol ogy uses and
avors

e chemi cal reactions indicated by
t her nrodynam cs. The reactor consists of a plasma torch

l'i ke TH@seoﬁﬁe'BaE%QHﬁﬁa%l 'ﬁ?@deEHHB% 9 f%%##hJEEd

gurlfled 25 are introduce [ asnma | rom
he majrdusf loarqcatheds  (pPasna g@ﬁé@la%@ﬁgn%edlo)

1 odl r €XePF €c B KEY PEOR XEPH, M xture, or argon, or
nitrogen or air. 30 Before this gas is introduced into

the torch, or after it has been introduced, a
reactinkilgasctBecanybes addedrdotihdihs gaspolivard gases

@Q&aneﬁ QHQQ&EEyoEQandgaﬁﬂgibrium or at low pressure,
the radiofrequency inductively coupled plasma
technology wuses and favors the chemical reactions
indicated by thermodynamics.

The reactor consists of a plasma torch like the
one in Figure 1, in which the gases 14 to be purified

are introduced.

The plasma is formed from the majority carrier gas
(plasma generating gas 10), for example a krypton/xenon

mixture, or argon, or nitrogen or air.

Before this gas is introduced into the torch, or
after it has been introduced, a reactive gas 12 can be
added to this gas, in an adequate quantity that depends
on the concentration of the pollutant to be converted,
said reactive gas 12 being, for example, oxygen, which

participates in the conversion chemistry.
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on the concentration of the pollutant to be converted,
35 said reactive gas 12 being, for exanple, oxygen,
which participates in the conversion chemstry. - 19
The invention serves in particular to destroy
perfluorinated pollutants (CF2 and/or CH4) in a rare

gas fﬁégofnvgﬁyf5gn Qér%ggoninto g?%f&ﬁiéfeq: 5<%J3troy

order to be renove OS -treat on an
maﬁhwrm@i&,@dgagééu*aa@téorwget@@df@gp@m i Vigl @ tareHRas

05 B2, kOYpton Bk 0% LBR) Ox¥08A Sap; becgdded as a
reagent gas 12, to form 10 other byproducts,

particul arly anhydrous, and/or conplete the oxidation
of CHinoromatdher thy dsoocachorsdt ObyO%swt&fe%rt&ﬂaJnyt t@nCQn

[ roduce water | ant i
%anlfﬁé 8€?£ %feégé 8|§a §uﬁﬁi0|§ﬁve§%§ Rﬁ%ﬁ%vely
t%eﬁﬁyﬁro@ﬁﬁ,r@qutpeGOt@rc@ﬁwert the 15 fluorine to
HF. Consider, for exanple, a unit throughput per tube
of 17 standard liters per mnute (sim, or about 1
B/ h, OXYEPR eSeRt BE \AIGHA t Ag 8r F@IBIE @i Ladeto form

€fgorint eas;qsirocﬁﬂzw an o vehtssdyl g1 pini tarnwaié&isng and/or

kr a xeno The to selected is. of

%ﬂé&?‘f%mﬁg dekigh ofh | @% t%eOEheﬂfhayeragﬁabons to

@ﬁﬁkﬂgﬂ&ﬁer&bkﬂ aofCQquﬁnhy opti@daMdz, 2htfbluce water
nlgﬂ@:“jc%@%} gurlg %f Sattqm | ﬁfys %Vgéenq: Flsgg_rnesu]fflm_ent

anot er co uratt on ises
%Ptlﬂﬂ?ﬁiy ardlanthelditydmgen ubeduéngch 20. convert  the

APt ontd ate meal s 22, 24 are used to close the
collection and sanpling circuit. The tube 26, with

i nside dianeter 14 mm and 35 outside dianeter 16 mm
ter mateisdaboutod arubelew theucot | thtbubBpeenbered ube

5f]f{]sé§ﬁ5gr&lﬁ¥%é%% per minute (slm), or about 1 nﬁ/h,
representative of the orders of magnitude encountered

in an industrial unit preducing krypton and xenon.

The torch selected is of the dual-flow type with a
silica tube 2. The plasma generator is at a frequency
of 27 MH=z.

The configuration of the system is shown in Figure

As shown in Figure 2, another configuration
comprises a tube 26 and an additional tube length 20.
Appropriate seals 22, 24 are used to «close the

collection and sampling circuit.

The tube 26, with inside diameter 14 mm and
outside diameter 16 mm, terminates about 1 mm below the
Qoil. It is centered in the outer tube 20

(inside/outer diameter 18 mm/20 mm) via screws 28, 30,

~two of them equipped with springs, arranged around a
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(inside/outer diameter 18 mm 20 nm) via screws 28, 30,
two of them equi pped with springs, arranged around a -
20 teflon base 32. The outer tube 20 is, for exanple,
700 mm long or |longer. Fi Lgype_ 3 shows the system
conveying the treated 5 gas 40 to an analysis

$RETLROPRL£T3A4. THhe om%stﬁg '§§Ui§‘9 Eofrm%';h%l@ AP mm

are cooled by a water flow t o T'enove

&RPAaPPyLONHEF gas i npurity conversion products are

conventionally analyzed by Fourier transforminfrared

absorFti on sp\gct épmet ry The 10 nuneral 46 denotes a

venti Fafof ot FEPYEnd-1he SYRLAEr O BRYIED ThE vareeked

gesord 3teawpnvanel fors spadingmeasrr @qui redhepayalseef 40
e [ The nuner.al

USRePRs T=bR 1%, INEA SR S8hap ot HE Ot I Ehobr42-

tRe [AMESTER t]@?ch?ntiﬁllm raWh&ar@a&’gasmpuxthﬁfe ¢@stetsion

ﬁ@BH@bB§ 12%frpar tegnRETM Mdd1ign bﬁnggbﬁga (pﬂgv)sﬁéyrler

simlar CH4 concentrati on an traces
Eéaﬁs PFRt ifeasrcht RABSpEPE&PREd SHAdt vomeliey gas The

nhmeg@hput%of dbh%iﬁmd% d ggig/@gﬁpﬁ@nm BUtects! ré)nd althe
e 0 conversion yield is
ﬁe&ggur edweE{ él%lél tY8 ahdt ¥R BindS™fo F’OH@& Y)%Jrﬁ% for
ger@tnabl easAn rSigEd rieand glastc apmfear’sherefgheetsl N@o - the
goa1peiom ofaihe Sitd C%@k&%l bys t 38, 8&;503' Boling air

| uori nated byproducts rformprolo
Je&b%?%%t%row% Hhe ewvbled o@otimtxel@%na vdtw:cchm s
strongly heated, is replaced by a water cool ed tube.
The ipside diameter of the inner tube 26 is then

bet weeh” 192¥mTaha 925ny-XtHAE &ESERE 60PER1Nghd 200 P3gts
et weel 1i4onmbandvdbume  tgienwyat e pessagde haviga2 cH,

é&&m&ﬂ;n %&tt}agen% of SF;.

A first experiment is performed with a rare gas
throughput of 17 standard liters per minute {slm), at
an RF power of 900 W.

The 95% CF; conversion yield is measured, the CH,
and SFg bands no longer being detectable. An SiF, band
also appears, reflecting corrosion of the silica tube

by the corrosive fluorinated byproducts.

To perform prolonged experiments, the air cooled
tube 38, which is strongly heated, is replaced by a
water cooled tube.

The inside diameter of the inner tube 26 is then
between 10 mm and 12 mm, that of the outer tube 20

between 14 mm and 16 mm, the water paSsage having a

. thickness of about 1 mm,

According to one variant, a teflon insulating tube

section 60 is arranged suzrounding the tube at the turn
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According to one variant, a teflon insulating tube

section 60 is arranged surrounding the tube at the

turn - 21 10 (Figure 4) . This teflon tube ensures an

accurate centering of the %gbes and the plasma with

respect to the inductor, thereby avoiding even m nor

Y§£b§£é°n§)'” %ﬁﬁige%%ﬁﬁ OEuEge 2%35? tr%%curate
gton/xenon m xture, power eve b

EGQ RWV-afd of. -hay tapas Céﬁdertéli@orplf%ﬁ@@ of thberwpest to

Qﬁ&ﬁﬁﬁguﬁﬁék|yt%@@%%pe%%OQQ§%$V%%e%T%@ﬂ%fnvafgggf%ﬁ% in

uction Testdisplayed (slmrate

ower Throug gg
95 JROVSHIY29%160°28Y99902 31. 21790 41. 21795
51.217100 r7 61.21790 If a nmajor contribution |s

assi ghed bt ai ned .f xanpl
|nS|d£§df%neter e %ﬁ??%e“&égﬁﬁﬁtt|8nga?8§ é?epower
Levet bﬁ@‘m%hokeb kdi zad ell. 5 abidy eCFy at@svenfsiabowtate® of
£ e n d1rvde
%gﬁﬁgﬁ%\r’\% orggtgfl?%?g%\yrgg? ”ﬁ%:\:/ an@g%}é%g%i &g%%l% '
node, to develop optim zed gas treatnent nethods. The
use of m xed nodes of fergasbhe 20 advant age of favoring
certain elenmentary chem cal processes which require

longer—+esi-depcetimes. Anotlier application is the
dest raeti on oOf Power - Throughput Destruction
displayed {slm) rate (%)
(kW)

1 1.2 17 100

2 1.2 17 92

3 1.2 17 90

4 1.2 17 95

5 1.2 17 100

6 1.2 17 90

If a major contribution is assigned to E mode,
obtained for example in an 8 mm inside diameter tube,
the destruction rates are lower than those indicated
above (rates of about 60 to 80% were observed), but not
negligible. Mixed mode can therefore offer a real
advantage, alongside H mode, to develop optimized gas
treatment methods. The use of mixed modes offers the
advantage of favoring certain elementary chemical

processes which require longer residence times.

Another application is the destruction of

pollutants in nitrogen or air for typical throughputs

of effluents of deposition and etching processes

connected with the manufacture of semiconductors or

display screens.

In the operating conditions of a microwave

atmospheric plasma, the increase in destruction
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pollutants in nitrogen or air for typical throughputs
25 of effluents of deposition and etching processes
connected with the manufacture of sem conductors or
di splay screens. In the op @tlng conditions of a

m crowave 30 atnospheric plasma, the increase in

dest FUehicon ax %2 £ dd {Gl Loy ﬁéwérfygcrzwgr? BB@%we%

clear|y observed but i n practice, qé;
Prhi tal, pFéFtéG@ubethWt Woaﬁalbpf-ﬁmlzlé@n éoeﬁ aarefcelbe

@?tabQMi BpﬂBMlE@? aboytd S &Yﬁmb@@g Qﬂi0£§0%998|gﬁ9:hto
col u ecome er an abou
%% F gogaﬂﬁll ng ?ﬁF? p Rﬁr %P%g Oy Pépmma

@@hamnobecbmemau@heha@haﬁ:ﬁwme AlSouno 1@@9@@ 200 mm.
guaranteed. The degradation node is initiated by an
excessive 10 tenperature at the outer wall of the
disch%@@@n@ubbi$np0@©ntaéﬂuaﬁthhﬁhéObgumdamybbaygﬁomfof

@h@l etdiLceoRt | ngnd | Wisd. nThe tube, may, begind®  rhe
(g qgélze into a dep03|t of carbon residues .

?ﬁ%% MR esiSin thétiatadn Hovcaldy excessive
ttmm@msttmtgetae sHef age ctrenpanats etl"i\étﬁ‘lﬁclﬁéiﬁéfe 16uBtE m

th nder .th di t
GPRVERL | D R e rnee baloned Sandte cprabt 6t - Unagpo1 Tng

fihese. cohiettans, nehebagen aocppdyngrieet hatopresepbsit
apvsgt_»wn rgglauegd'a% SRRSO Al e ylreotﬁgyp' €drn

lasma 1n nitrogen, s per y a vantdgeous
@%%Héhaﬁl@a@wl%omet [va rifigelee e ad TS WitHe 3 ek

dmvenseal i @uhaaa ont extqof @Qeé@%@h!j@ﬂ@ﬂs DEQQH%H@y
ctors. Such an installation, e%flppe th

m cond
B T St R (A

conprises a production reactor, or an etching nachlne
62, a;punpi y r|S| a_secondary, punp_6

such as a 3€g?u§b§%§$2 n% ndza?ﬁ?#éﬁ Eﬂpthe
mwEsaansi®gntion, of a radlofrequency inductively
coupled plasma in nitrogen, is perfectly advantageous.

Figure 5 schematically shows the implementation of
the invention in the context of an installation

producing seniconductors.

Such an installation, equipped with a treatment
system according to the inventicn, comprises a
production reactor, or an etching machine 62, a pumping
system comprising a secondary pump 64, such as a
turbomolecular pump, and a primary pump 66, means 68
for destroying PFC and/or HFC compounds, of the RF-ICP

plasma generator type.

In operation, the pump 64 maintains the necessary
vacuum in the process chamber and extracts the

discharge gases.

The reactor 62 is supplied with gas for treating

semiconductor products, and particularly PFC. and/ox
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for destroying PFC and/or HFC conpounds, of the RF-I1CP
pl asma generator type. In operation, the punp 64

mai ntai ns the necessary 35 vacuumin the process
chanber and extracts the _dbﬁcharge gases. The reactor
62 is supplied with gas for freating sem conductor
QﬂﬂﬂUCt@hu@n%aga%ﬁﬁﬂﬂfﬂﬁ%%égx% i?rﬁh 23 e Gy TEMSH
gas supply neans supply the reactor” 6 But “%are no
SHEWAth SEReTy igutée TREUWRSans 68 for carrying out a
treatment 5 (dissociation or irreversible conversion)

of thg&f unused PF% and/ or HFC coppounds, nay al so
sinmlar’y Prstice®Byprédduct$3rs asCBd ard/ oF T§EEment

aid/sero cCeE2 onand/or iSGRArard/dre SQRraand/at) SF4  these
r a n 1Q The nmeans_ 6

AR B M or THEC bbb, e T o B P Pty

PReWEEN L BB i@t i ngushalder F2 f pagient ST ahd/or  COF,

RGO n@@ndérﬁi/éﬁagbzﬂ“?%ﬁ@%rt lola'll %dr/%ggtﬂli‘;{gg %\nd/or

ounds, particularly fluorinated conpoun
&@%ﬁ?’ oélgﬁént 70 is suitable for reacting the
conmpounds resulting fromthe treatnent by the nmeans 68

Wi th r.respondi reactive elenment, (for. exanple: a
sol i d TPERE: ToB ST Lot ) PPRADy GBF £ SGESLAG) Chdhe 287S
Théegudes r esaking frtdm t heatrseatatent shiye tdieng nesmsller
[ cti. :t.he rri g | ade i th.c ds._o
SR B WLy rE R sl 20 e e (AT o orm
tRESE1HEnFPBREANEBovER rhiBul Aehy df behatgetetocomporsds .
surroundi ng air, but w thout danger, with proportions
of PFC and/ or HFC_co ati%le Wi th environnment al

consefvaPRGhITEyBLERERY: Peds thataPdcoff Atherqafing the

compounds resulting from the treatment by the means 68
with a correésponding reactive element (for example: a
solid reactive adsorbent) in order to destroy them. -

The gases resulting from the treatment by the
means 70 (in fact: the carrier gas laden with compounds
of PFC and/or HFC type and/or other impurities 1like
those mentioned above) are then discharged to the
surrounding air, but without danger, with proportions

of PFC and/or HFC compatible with environmental

conservation (typically: less than 1% of the initial

éoncentration) and highly reliable and authorized

. proportions of dangerous impurities, that is, lower

than the legal exposure limits, typically lower than
0.5 ppmv or lower than 1 ppmv according to the type of
toxic, corrosive, combustible, pyrophoric or explosive
gas concerned.

The gas circuit of the overall system treatment

means in Figure 5 further comprises, starting from the

primary pump 66, the line 67 conveying the effluents to

the plasma reactive module 68, and the line 69

‘connecting the plasma to the byproduct post-treatment -
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concentration) and highly reliable and authorized
proportions of dangerous inpurities, that is, |ower 30
than the |l egal exposure limts, typically |ower than
0.5 ppmv or lower than 1 p according to the type of
toxic, corrosive, conbustible, pyrophoric or explosive
8@$1§8n9©rn%ﬂui3§lﬁa§lga§iﬁér&H&&s%ﬁeff@ oMeAblrge line

2¥St em treat nent means in Fi gure further conprises,
ar F ngt#% o HeX 1 pHeFarg2 $Rimp BB CR hetdl nddB7 released
wotNeyt ngdahgeef f | uentisletio thieeplasmld eacddmmgroduleid

{ | 69 t th t
Ao BHtet  post N - PoB S oy: TBLT5% andPRTRGI | 20
iheub@hD@@heMUJMhEmmﬁrgéotlnagih&aﬁandmﬂdeanm1ﬂﬁﬂfety
gaseswhi Glh.Canbe. g ol 8338 - Whaut edanger. Addefl, .

t hereto are various Tl nanagenen conponen
thypassn VBl gess éurg@hﬁn@lgcmn§MQmmpmmanﬁa|anaﬁﬁékﬁcted

Rzl m epameetiBnd fatet ¥nesersanstet ROVt with them

_gﬁ res%H e fault alarns), not shown in Figure 5

$1& PPttty are selected to be conpatlble
with the products in contact with then1 .for rellable

oper 0, St or frap |n may_al so
pr eszgtlt&%&% v%yn%%m%fsﬁf% msh&é ﬁ 57 Pt h%"fe?%lét
pl asma can be mai ntai ned in a tube of substantially

h'ghQﬁu;5a£@§ﬁg§gg'6@EE%r'vaéH%fHHtPsléhQH‘%ﬁe é%%ma

than in the case of the surface wave m crowa
?ﬁ%sh’ﬁ (B EetERed 4 10 8 e | RTH PrbatrxeElable, MHpher
iﬂsﬁmwmgaraets@hf,fl@fem rBE 20190M8r ort Re plasim tt@lraqls in
t.o subst an he entire cross section o
oo (e ot havFEarky RaZF) i ReSHavR, Bl gns i ant ter
holedulmes passing through said cross section are
heated to a high tenperature, favoring their

di ssociation and inhibiting their
In H or mixed mode, by injecting a sufficient RF

power, the plasma tends to substantially £ill the
entire cross section of the tube so that practically
all the pollutant gas molecules passing through said
cross section are heated to a high temperature,
favoring their dissociation and inhibiting their

reformation.

It is possible to add much higher power levels to an
inductor, up to 5 MW, than in a waveguide at 2.45 GHz for
example, in order to treat total effluent throughputs of

2 to 30 m°/h or more at acceptable cost and size.

The presence of residual impurities in the
ceramics used is much less harmfﬁl,. in the
radiofrequency range in terms of absorption of the RF
field, than in the case of the surface wave microwave

discharge. Simple alumina tubes of routine commercial

grade suffice to guarantee a relatively long service

life against chemical corrosion by corrosive fluorine

compounds. They are not in fact subject to additiocnal




25 reformation. It is possible to add nmuch hi gher
power levels to an inductor, upto 5 MN than in a
wavegui de at 2.45 GHz for exanple, in order to treat
total effluent throughputs of _30 2 to 30 nB/h or nore

at acceptabl e cost and size.” The presence of residua

1ORYST @S ¢ thE (Celidili0S H5&0)Si SNChr! 3% AARY by

in the radiofrequency range I n terns of absorption of

thetRFMa5efidtd, than in the case of the surface wave

m crowave discharge. Sinple alumna tubes of routine

commefcial ..grade suffjce to guarantee a relativyely . .

| ong é% Qfgéggliﬁéjaggbﬁst %ﬂé%ﬁ ?ntorFSQFBﬁVB y 7 high

poliokave £bugeraéoncelicondsciEseyaar damate e fadtained
; ¢ .y _ 0B, fesi |

B oar et Fon DFirEPodheictoint RERvALE, Bokpes BEACHE

to the invention, relatively high 5 pollutant

conversion efficiencies can hence be obtained by using

a radiof requency inductively coupl ed pl asma.

W)2005/ 075058 - 26 - PCT/ FR2004/ 050751 CLAIMS 1. A

nmet hod for treating gases, conprising 5 inpurities,

in which the gas at substantially atnospheric pressure

is subjected to a radi ofrequency inductively coupl ed.

pl-asma di scharge. 2. The nethod as clained in claim1,

the coupling 10 to the discharge being of the

transverse electric (TE) inductively coupled or H

type. 3. The nethod as clainmed in claim1, the

coupling to the discharge being of the transverse

magnetic or E 15 type. 4. The nethod as clained in

claim1l1, the discharge being of the m xed E-H type.

20 5. The nethod as clainmed in one of clainms 1 to
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4, the discharge being produced at a frequency

bet ween 50 kHz and 200 MHz. 6. The nethod as cl ai ned

in one of claine 1 to 5, 25 the discharge taking
noL66sVB780E8be W th an insjge_di ameter w@f

nm or {0 nn?gnd 50 mm or 15%gnn1 7. Thgéﬁﬁho /b50751
clainmed in one of clains 1 to 5, the discharge using

a silica glass torch. 30 8. The nethod as clainmed in
claim7, the torch havi fgtI¥dubl e wal | with

circulation of a cooling liquid between the two
I'ls. gg 9. The thod as clained in either of clains
“and &} tH¥ r 6PTt hetFBRERNBei rif TRE meeFORRIHE 1 NY

:ﬂlﬁ)@@rKWedD The rmmhmh astakai n@gjsl nohe Qudt@in®allly
1.sch usi n refr ory tarc
%ﬁbgﬁ%hé gggag c?alnedguﬁ 1EF5F ?h§ﬁ4%9§¥equency
lﬁrgtiaV@bY apdeplord ghlmima cﬁm@lharcﬁe,lz The nethod as
claimed in one of clainms 1 to 5, the discharge using

~a nmetal torch. 13. The nethod as clained in one of

i ai s 1Th® Mothefeas, edrdamegas hes it tar Ehgasoupling
@@ntﬂénﬂmgcﬁal@epﬁéﬁh |6ﬂ“&ﬁ@ ﬁEEﬁ%v@fs@ygE@%%EQ@n(QE

h roflu ocar n as. 14. The nethod as cl ai ned
%% qﬁ ‘% HB Tonprising at |east one

tenperature zone 15 above 5000 K. 15. The nethod as

| ai med of _cl 3 n ich
%xygen aﬂg? grbé% ¢ £s Cﬂ ggneéld&ed d]fomhi Tﬁg ® B d 29
=23 %m%lﬁéﬁChﬁr@ﬁeb@ﬁnﬂh@fpﬁé&edﬁx&psvﬂnﬂ&mmaghetlc or E

deoughput of treated gas being between 0.2 and 25
/'h. 17. The nethod as clained in one of the

precedi ng
4, The method as claimed in claim 1, the discharge

being of the mixed E-H type.

5. The method as c¢laimed in one of claims 1 to
4, the discharge being produced at a frequency
between 50 kHz and 200 MHz.

6. The method as claimed in one of c¢laims 1 to 5,
the discharge taking place in a tube with an inside

diameter of between 5 mm or 10 mm and 50 mm or 150 mm.

7. The method as claimed in one of claims 1 to 5,

the discharge using a silica glass torch.
3. The method as claimed in c¢laim 7, the torch
having a double wall with circulation of a cooling

liquid between the two walls.

9. The method as claimed in either of claims 7 and

8, the power of the torch being between 1 and 1000 kW.

10. The method as claimed in one of claims 1 to 5,

the discharge using a refractory torch.
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E%stemas clained in c

25 clains, the treated gas conprising gaseous
effluents issuing froma nethod for producing or
growi ng or etching or cleaning or treating

sem conductors or sen1cond§ﬁt|ng or conducting or
dielectric thin layers bstrates. 30 18. The
nmethod as clained in one of clains 1 to 17, the
treated %as conpri sing gaseous effluents issuing from

alrmet hodTher netdgeci ag Glagrew nie ocletohi My othe torch

BEeAdi A0cOFahi 8abE NGl 8hihg0R-EELN | ayers. 35 19. The
method as clained in one of clains 1 to 17, the
treated gas conprising gaseous effluents issuing from

a2 et hodThier mpthddCciaRg diaSplerly SCre&eNser- c28imd01 Ao 5,

t reatin ases_by plasma, conprising nmeans
'?Mé %?%éu0|i% 30 ?dm%éafrﬁg{gﬁ‘at a pressure

substantially equal to atnospheric pressure and neans

f9r prodpci r&ge@haadggf ngyﬁggylﬁl aﬁgaof%%g%;n@hel to 12,

aim he means o
®duErRgtadr adiast r orittidy pl asimrecong?$ si Agnaatobag  a

péthl esrimsigle di amgper)of betyyeen 5 APNEE:APpBM and oy
22. The systemas clainmed in

50
Qﬁ%ﬁ%ﬁ%ﬁbr??ﬁf%%%nég F¢lr9%% oduci ng a radi of r equency

pl asma conprising a silica or refractory torch or a
tal t e sysiem a clalne i.n on
ai ms g%%$ I:!%E%ginurtrg’her c% IS ng neé%s O|Iﬁ&e
@*ﬁﬁm@@ﬁs ﬁwquw&xﬂmlﬁﬁlaheﬂhtﬁmequemgmgﬂmwmums2¢one
ahersysiemeas clainmed in one of clains 20 to 20 23,
the neans for producing a radi of requency pl asna

conprising nmeans for generating a current at a
15, The method as claimed in either of claims 13

and 14, in which oxygen and/or water is also added.

16. The method as claimed in one of the preceding
claims, the throughput of treated gas being between 0.2
and 25 m’/h.

17. The method as claimed in one of the preceding
claims, the treated gas comprising gaseous effluents
issuing from a method for producing or growing or
etching or cleaning or treating semiconductors or
semiconducting or conducting or dielectric thin layers

or substrates.

18. The method as claimed in one of claims 1 to 17,
the treated gas comprising gaseous effluents issuing
from a method for producing or growing or etching or

cleaning or treating silicon thin layers.

19. The method as claimed in one of c¢laims 1 to 17,

the treated gas comprising gaseous effluents issuing

_from a method for producing display screens.
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frequency of between 50 kHz and 200 MHz. 25. The

systemas clained in one of clains 20 to 25 23, the
means for producing a gas to be treated at a pressure
substantially equal to at ms heric pressure

conpri sing punpi ng neans of Ich the outlet is at a
essur epsuhgtanti al eq . at no i C pressyre,
%%'26: The system askéftai @de%%rgie %f%g%lsai rr}gyzo%;igsma’
PHUPEDHHPPY si AGaRSr dadt inedldmenta (J@3 tor beedceiangd at
s herecanpeuUNds JeiHilHinG feam i heophageRohbeatMNtssure

%6&)&for heir destruction. 35 27. A reactor device
BpFPLPAgh &F rRERE PO E ANk O F BSTUCRE B Ed 17 at

| east one perfluorinated (PFC) or hydrofl uorocarbon

_‘%fFCD gafhea%%éE%%Fn%%d% gg%%%gg§1gplgxgg%ﬂkfo£he means

reating péerflFuorina
fydrefodecdear bomafdHpCregasnay pllasmedconpeieiofy a tube
#18h nBn 20519028 48t o NS 05U £EAS sChAl BRI 1N, gl &
27, th% resact?onlaS cﬁanggrﬁ%ggge?o?mhﬁgggarlp 0 gh@ >0
i 9T £ PO gPBduci ng or growi ng or etching or cleaning
or treating flat screens or sem conducting devices or
in layers or _sem conducting or conducting or ‘
%’?‘el ect rﬁetﬁyﬁtﬁgy&% Cof1REBstitat 84218y e nighe means
feactwrodwrirshr iankingl ilE photcossnsidliastmar esichprisedg a
r. 1 crocj ' i t.hogr.aphy, or .a reactqr for
%lglploésgl télggf%ﬁ%éq%%rgog&ﬁgnga ﬁeatsa%etccfrec ning. 29. A
unit for producing or growi ng or etching or 15
4 eani ngnr LueabhNG f ala SEIFENS QInseBkCAAUGLOrSy OF
sem conducti ng devices or sem conducting thin [ayers
o SUbStFhRt ESTPESAPRISIRGNS- oY% earaloing 6R)s Fepns for
pretiuginy OrrHrio fgninceithisyg or cl eaning or
treating flat screens or 20 sem conductors or
sem conducti ng devices or thin layers or

2deni condiict i agsbemcasductaigedr in one of claims 20 to

23, the means for producing a radiofrequency plasma
comprising means for generating a current at a
freguency of between 50 kHz and 200 MHz.

25. The system as claimed in one of claims 20 to
23, the means for producing a gas to be treated at a
pressure substantially equal to atmospheric pressure
comprising pumping means of which the outlet is at a

pressure substantially equal to atmospheric pressure.

26, The system as claimed in one of claims 20 to
25, comprising a reactive element (70) for reacting the
compounds resulting from the plasma treatment (68) for

their destruction.

27. A reactor device comprising a reaction chamber
(62), producing at least one perfluorinated (PFC) or
hydrofluorocarbon (HFC) gas, and further comprising a

system for treating perfluorinated (PFC) . gas or
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dielectric thin layers or substrates, or a reactor
for shrinking photosensitive resins used for
mcrocircuit |Iithography, or a reactor for 25 _
depositing thin layers durifg plasma cleaning, - first

“nmeans (64) for punping the reactor atnosphere, - a

hiyeabie0broystBAhagueti GRE LR @N& iffclidl e ?c% tOlaims
.. 30 %O. The use of a radiofrequency inductively .
éguEPea ‘plasma for gas purification and/or pollution

control treatnents.

28. The device as claimed in claim 27, the reaction
chamber ({62) forming part of a unit for producing or
growing or etching or .cleaning or treating flat screens
or semiconducting devices oxr thin layers or

semiconducting or conducting or dielectric thin layers

-0r - substrates, ~or being a reactor for shrinking

photosensitive resins used for microcircuit
lithography, or a reactor for depositing thin layers

during plasma cleaning.

29. A unit for producing or growing or etching or
cleaning or treating flat screens or semiconductors or
semiconducting devices or semiconducting thin layers or
substrates, comprising:

- a reactor . (62), for producing or growing or
etching or cleaning or treating flat screens or
semiconductors or semiconducting devices or thin
layers or semiconducting or conducting or
dielectric thin layers or substrates, or a
reactor for shrinking photosensitive resins used
for microcircuit lithography, or a reactor for
depositing thin layers during plasma cleaning,

- first means (64) for pumping the reactor
atmosphere,

- a treatment system as claimed in one of claims
20 to 25.

30. The use of a radiofrequency inductively coupled
plasma for gas purification and/or pollution control

treatments.




