W)2006/ 008421 -1- PCT/ FR2005/ 050555 At nospheric pressure plasma treatnment
of gaseous effluents 5 The present invention relates to a nethod for
converting a first gas or gas m xture containing at |east sone nol ecul es

having at | between o atons constityf] sal | ecul es,
into a secc}’ﬁ@&g@;&%%o S m xture possibly contai rﬁcg[ym%cﬁdoaﬁ%5§ 10
solid products derived fromthis conversion, wherein at |east one bond
between two atons of said nolecules is ruptured under the action of an
ngJCteI:It gda 0 B t i rfei%qi'et hich, said f] rtn gas , or _se&g ure is
effluents ist&lugwitsn particular from US-A-5,965,786. Plasnmas are in
particular applied to the renoval of 20 pollution fromdischarges emtted
by processes for the deposition and etching of thin |ayers for the
product Pon B1® seRTESRdGct oFBVETHEQR efflddMS §PI udri naeEECGasdwr
corrosive halogeraies cOMpouses.gadlaseougadlydiibd@ese Or8APAIEBLAY! 14
precursors etc.tg1 are 25 gr%%i]t I.n the exhanst from%r%mary vacuum punps
at  rel ati vei3Sthi GAMEoMEenRt oMY HE AFow EM P B8N Redmess

ni trogen f arweaeahomgnpcotat draleing o sedny embletheegr edirgio par tseaforichese

| ar ge quantit] es._of r of. I m cr i scharges at

at nospheri céépéf Ieg)srur%ggomégguﬁ%gf§§%%¥§1¥0 _C(?t %\égﬁ\sﬁ%ﬁl% rg%l %ggofarﬂ{eolrr hi gh
el ectréf dewsity prednces densvesm fyomngblisngoavegsgen, nwiseeiof at

di ssoci ati vesddiel 8ati Gl IhetRisn t OwBe atipucad. - 355 Ohg1ehanact erd stic of
at nospheric mcrowave plasmas_is the relatively hi %h mean enerdg taken up
by heavy ruptured under the action of anh electric an )gr

magnetic field to which said first gas or gas mixture
ig subjected.

15
A method of this type applied to the destruction of
effluents is known in particular from US-A-5,965,786.

Plasmas are in particular applied to the removal of
20 pollution from discharges emitted by processes for the
deposition and etching of thin layers for the
production of semiconductors. These effluents
(fluorinated gases, corrosive halogenated compounds,
gaseous hydrides, organometallic precursors etc.) are
25 present in the exhaust from primary vacuum pumps at
relatively high concentrations in a flow of 15 to 60
liters of nitreocgen for each pump. In ordexr to convert
the greater part of these large gquantities of harmful
molecules, microwave discharges at atmospheric pressure
30 are preferable to others by reason of their high
electron density (10" to 10*® cm®} enabling a large
number of dissociative inelastic collisions to be

induced.

35 One characteristic of atmospheric microwave plasmas is
the relatively high mean energy taken up by heavy
particles (neutral particles and ions). The temperature

of the gas may indeed reach 3000 to 7000 K in the =zone



parficles (neutral particles and ions). The tenperature of the gas may
i ndeed reach 3000 to 7000 K in the zone W?2006/ 008421 - 2 -
PCT/ FR2005/ 050555 of the axis of the dielectric chanber containing the

di schar ge. L |~9f .t his chanmber (faqr exanple i i be)
shoul d rerra@g%p\@{hggf‘%\%\est t enper at u%e conpat i bﬁ%cﬁgﬁﬁeﬁ%)%@%§§al
integrity. It 5is also preferably cooled by the circulation of a heat-
carrying diefedtrd cakiai dbfi ntlbontidell ewittrfi d tché&nbeardi abntbempasatihe '

gradient th Xi st ecr.easi f 10 XL.S he_periphery. \Wen
t he tenper a‘%%%g??é, ?]ﬁg géanlg t§goftr}?3rr1ge %ggmlgﬁgre s%és, ST oM ;Lgtiaon IS
| ess 10 proBaplechhdcr ecowbehat i ecweidchargedipar tafkl esths promsted.

Thus, the efggbeLALdEBSbERGLERSEs @ 198 pBYER-LIME erperature
decr eases f,rorr%)the axi s top@l eriphery. lesgal Icy, | t&%g&?ga;nd that the

the p
| um nous i T eRSPPYPEEIERELEYSERILGE b¥c ot tiengdtier &f ia hepts

further awayafrommghdiaitescrin FAMWHE CaseScoht@ct ev@ehr QR .densidys pecones
very low for an axjal positj.on,  |ess than the radi ug of the tubf and t he
di scharge n em}l’%ﬁﬁlé?r?i Iqr$4W§tcr5§§r§ 8F?one}8fsatt9he PEEEEPI"Ht Pt hen
sai d that ttheedasthatgethas peaiphacted. WRE1Thehd dremmirdthise risdiad,

di stribution,of 40 i¢l.ectron edengz%t)intc%\é%"s g heic?rﬁ‘{%ﬂ%r%’ dgpends, in
particul ar on  the opérational paraneters of the plasmd: thée nature and
concentilat i BAGPaPlE heaydr | Besopoinat del gabescharasd ninawygenies heig ot al

flow rate aptohbeedi Cr QWANE RAVETe]edtrdhSQcHBREPINOR BRI Qysly,d i xed
paraneters such as the internal diameter of the di scharge tube and the

nature of tF&ateMPaPSof PGni-EAPPEACETFade EFRL e T498) thiveulaari s He? mal
conducti vi tyhe BOriphery. Visually, it is found that the luminous

intensity of the discharge becomes attenuated as it is

15 further away from the axis. In sgsome cases, the
electron density becomes very low for an axial position
less than the radius of the tube and the discharge no
longer fills the cross section of the latter. It is
then said that the discharge has contracted.

20
The form of this radial distribution of the electron
density toward the periphery depends in particular on
the operational parameters of the plasma: the nature
and concentrations of the various pollutant gases in

25 nitrogen, the total flow rate and the microwave power.
It also depends on previously fixed parameters such as
the internal diameter of the discharge tube and the
nature of the material of which it is made (via in
particular thermal conductivity).

30
It can be understood that the radial distribution of
electron density and gas temperature influences the
thermal exchange relationship between the gaseous
medium and the wall of the tube and consequently the

35 reliability of the latter. It has been found that some
gases such as helium and hydrogen, from nitrogen
contents of the order of one percent, have the effect

of promoting the radial expansion of the discharge and



It ¢an be understood that the radial distribution of = electron density and
gas tenperature influences the thermal exchange rel ationship between the
gaseous nmedium and the wall of the tube and consequently the 35

reliabiIityﬁggogg?obggggr. It has beQanqund t hat 56%?E3§@§$?0§&§ as
y rder- o

hel i um and rogen, fromnitrogen contents of the ohe percent,
have the effect of pronoting the radial expansion of the discharge and
W)2006/ 0084hereBore PCTE FR2OO5 DH0EH5 thchegefor ecobeiratueasi ng tites gas

tenperatureyip;the, Wil y, t | he be. .Ln IS Yy, . agi ng
of the latter %g ayheattg#%é%%i}sggc?gﬁt&gggé. SE#t%Hég g%gé B%%%m?ound
that other ghskéBehhvbtenebyravBrae effeet ARdaprenbtateddi al contraction
of the discharge. In this case, it is generally observed that the plasm

does not_repmin constantly centered on the axis, but noves randomy
within the tros®Recdi®h dte%b M UbELAAneRTERE pPASRE | RaWRcdt®red and
approaches ré¢herwal lefiffedtheahtiberdrvtse | gatieaporasntd yacxpgsed rt @ very
hi gh gas te a ll. as the action aof el ectrons out of :
thernndynangggé%%?égbr?Hﬁ%qﬁ%PF%EF’e%%nlﬁigﬁgsr ﬁéﬁgfﬁﬂﬁﬁﬂ?éﬁﬁﬁ%ﬁng case
i s that whetkelbleleapldmmn hetpresein apmgtemrlnocenveryddenseche

filaments which, it hey,come .rfafo%l%o%f‘gﬂiﬁ{“;)tgglet herod@l L et 4 Cffhe

sufficientlg | ong_ peri od, produce extrene I zed stresses on
| att er 10ThetRei §UPRer d6ie e (5%t f8pfgeengerke wald dpproaches

t her momechaphéaka29 ererdmeadum®] NEhes 08k0Rehbol-he 1M lexpholhe dbe by
hi gh energ¥ fluqﬁkggted speci es and al so carboni zation of the dielectric
cooling flul'dHn oHfEr STUPPRLRLOFS @A VEbe oppodiie £RELIPBI ML of

contact of ¢heciprasse ot tde walklhmodynamic equilibrium, with an
even higher energy. This limiting case is that where
15 the plasma 1s present as one or more very dense
filaments which, if they come into contact with the
wall for a sufficiently long period, produce extreme
localized stresses on the latter. There is therefore a
rigk of rupturing the wall by  thermomechanical
20 overload, point erosion of the wall of the tube by high
energy fluorinated species and also carbonization of
the dielectric cooling fluid on the outer surface of
the tube opposite the point of contact of the plasma on
the wall.
25
A first solution for this type of problem consigts of
using a tube made of a very high performance material
such as aluminum nitride, with which this degradation
phenomenon becomes extremely rare, without it being
30 impossible to foresee its occurrence. In particular,
the parameters governing the contraction phenomenon and
filamentation are generally set by the characteristics
of recipes of the user’s methods which can make use of
various halogenated gases, a plasmogenic gas such as
35 argon and various additives such as helium, hydrogen or
other chemical additives, or even heavy rare gases, all
in very variable proportions that are generally

unknowr.



A first solution for this type of problemconsists of using a tube nade
of a very high performance material such as alum numnitride, with which
this degradati on phenonenon becones extrenely rare, without it being 30
i npossi bl e ﬁ82598?§§§4£15 occurrence._ hn_particul%gTvﬁﬁg%égy§ggg§gs
governing the contraction phenonenon and filanenté%lon are ‘generdl ly set
by the characteristics of recipes of the user's nethods which can nake
use of various hal ogenat ed gases, a pl asnogeni c gas such as 35 argon and
vari ous addLi yesc3Wel ashdIebbHThelY ifdfhilon bdBhechetheal, adgid | ves,
or even heavy rare gases, all 1n ve vari abl e proportions that ar e

general |y ®ARndRA. "AB20G67 0UBuRhE - tgtal bCTrardons/ 650555 thraireover t he

contact phepeppnen seetween tdegphagnmugantkt Nended | phenbhsahl Jotal 1y

random it is.therefore  very diffjcul 0 guard agai nst. t hese phenonena
5

t t t
whi ch 5% ndlR2USE r BskE 7% h&fm RyrEHE o f8FatTRFF HntP hefet drieralFsaf et y
of the instaht¢atadaty|lof addet inatalbhetexnhst ence of a radial density
gradient of the plasna also plays a large part in limting the 10
performance of systens for the destruction of effluents. I|Indeed, the
peri pheral ¥onedditi¢re, chhfberistencel ¢ér sanddded! eteawsiity ajmotierts.
Consequent | yr d}85Q0iaki-0n: 0fo PRh LyLant mgeec%aeét'ﬁn! 8s, -E&%@ab&?@!n
this peripheral zone than in the central zone and their 15 reformation
fromtHéi r PRAGHEMECEs RonotvEtEde adesunttBe tmeeseeckiar refatively
hi gh absol utef1€emeent r ahidersl,exitsd JpeA P+l apbngas FMelRC WisRassi ng
t hrough the. chanber while.re iqin% In.this_|ow energy _peripheral zone
has a mﬂﬂ1}%we?og?%5abﬁpgty EPI6EFAY 26 diSSSHAEG ¢ IREPS994S tPaksed
t hrough cl o3essocideiomaxds. pblloaanbemeneicsdged ikhdtessaipt-dmiaeulie: duri ng
its

this peripheral zone than in the central zone and their
15 reformation from their fragments is promoted (on
account of the fact that relatively high absolute
concentrations exist). A pollutant gas molecule passing
through the chamber while remaining in this low energy
peripheral zone has a much lower probability of being
20 dissociated than if it passed through c¢lose to the
axis. It can be envisaged that said molecule during its
passage migrates towards the hotter central =zone by
diffusiocn, convection or turbulence. However, in
nitrogen, the plasma column is relatively short and the
25 speed of passage is relatively high if account is taken
of the total flow of nitrogen Ileaving the primary
pumps, so that these processes for the exchange of

material have scarcely the time to be completed.

30 The invention also relates to generators of gases such
ag fluorine F, obtained by cracking of a molecule such
as NF; in a plasma. Such a method and the asscciated
generator  are described in intermnational patent
PCT/FR05/01652 filed on 29" June 2005 in the name of

35 the Applicant and of which the text is incorporated in

the present application by way of reference.



passage mgrates towards the hotter central zone by diffusion, convection
or turbul ence. However, in nitrogen, the plasma colum is relatively
short and the 25 speed of passage is relatively high if account is taken
of the total flow of nitrogen leaving the primary punps, so that these
processes for the exchange of material have scarcely the tine to be
conpleted. 30 The invention aIso‘reIages to generators of gases such as
fluorine F2 obtai ned by cracking of a“nolecule such as NF3 in a plasna.
Such a nethod and the associated generator are described in international

pat ent /Eﬁg? %QQZ jJ ed . ne 2 I, f 3 he
Applican?ggn "o g |chl%%%%té§? %%%?ﬁégr§8r§%§7l?%igfhggggég %%é U

appl i cat PeAPbysvayPefsaréfdr efde. BCrPavei seleodiae nbkeszit gpesbeble in
particul akrt oy espong, t-0 ,REObl ens presented by microwave plasmas in a
chanber, particularly in a tube: - on the one hand, by opposing

vari ati ofis °I'n o &t ERAndPY SREGH D AXTEA L a6F PRe elft SHPRGT ST de *BREYPm i n
order toakopr ovdt-hentendyr ance tand pelsmabildit yreért he disshakge:tabe,

on the other_hand y_f.arci th | I ut ant gas nolecules to follow an
apprecianguégﬁﬁbﬁngé?ﬂlfﬁl?%@’ gngge£%ﬁ§?a5geﬁﬁge’plasna in order better
to utilizeonhehexeotlsr auindve bypéeoiresns ava |ralilletont ayrer agdecnlehetsyst em

as well as;tQ,106rease.tne-. ConVeLsi ef f.ici cydg§gzﬂi to hg ower
i njected. The nethogéazj'isglose he?%ﬁn i's c aractefﬁzéﬁlﬁnc% ath$he

st ream oPl1g88> ofg&SIAT xPGEEST s onj Eetlédct AP6ufiFeRé elcéévei ereahal or
magnet i C akkelgbiien o neBrkidesd RNNESstefl, OhdefeiD iNCiLasRroLbe distance
travel ed bﬁ t he gﬁs ggLecules t hrough said field and therefore to

i ncr ease SPHESBHOECET VENEESY of = 13He Vaekt r'dct PEWE o ™IA6FEtul es of the gas or

gas m xture. According to a first aspect, there is provided a nethod for
The methoed as disclosed herein 1is characterized in that the
stream of gas or gas mixture 1s injected through the electric
and/or magnetic field in a non-linear manner in order to increass
the distance traveled by thergas molecules through said field and
therefore to increase the effectiveness of the destruction of

molacules of the gas or gas mixture.

According to a first aspect, there is provided a method for
converting a first gas or gas mixture containing at least some
mclecules having at ieast one bond between two atoms constituting
said molecules, Iinto a second gas or gas mixture possibly
containing liguid and/or solid products derived from this
conversion, wherein at least one bond between two atoms of said
molecules 1s ruptured under the action of an electric and/cx
magnetic field to which said first gas or gas mixture is
subjected, characterized in that the stream of gas or gas mixture
is injected through the electric and/or magnetic field in a non-
linear manner in order to increase the distance traveled by the
gas molecules through said field and therefore to increase the
effectiveness of the rupture of the bonds of molecules on the gas

or gas mixture.



converting a first gas or gas mxture containing at |east sone nolecules
havi ng at | east one bond between two atons constituting said nolecules,
into a second gas or gas m xture possibly containing liquid and/or solid
products derived fromthis conversion, wherein at | east one bond between
two atons of said nolecules is ruptured under the action of an electric
and/or nmagnetic field to which said flrst gas or gas mxture is

subj ected, characterized in that the St r eam of gas or gas mxture is

i njected through the electric and/or magnetic field in a non- |inear
manner ip.orgder to.increase; the distance travebedsdy 4 he - gaschpl geul es

t hrough sard fleld and therefore to increase the effectivenéss of the
rupture ePP¥t&EUondsrof ‘bl TENé8%on thRe BASO%Dr ¥as FAXPEfe. 2Bave.

Accor di nghifhesecondiraspact chiNepgak s Qvingedsd: 9as 14 ©ehikon: rappar at us
for inplenmenting the nmethod as defined characterized in that this
appar at ugaf‘:orrfrflg%%*sloé]t | gHETe Zne fﬁng?rﬁ%afs i $7 86N channel , PpiEt erabl y
si tuat edperpendplcaner perpendktsl @f 420ct hebaxis wificsatige tu;iperoénd\kuxh t he
upper end, |s cl osed. Preferably, the gas or gas mxture is injected into
the fiel 8 ‘h an anmount of tangential novenent of the gas or gas mixture
greater than t he anbunt of axial novenent of said gas or gas m xture and

in addi tb?@feﬁahgyamﬂgt g9f B@n% gat h@kt@@/eﬂ@ninje%teaermtaughegE@@i&r t han
t he amount of axial novénent ccording to one feature of the disclosure,

at | east VpBF t3fAtREL §hs BRI mi REUFE s o nf"88t & Wit 178 FdNGRT i al
vel oCi ty greotqonen i1He0 Bctdvti b, priefemabbyera tabubaid cas tcyr, before

bei ng sub]lect ed to the a Cgél Qn of he el ectrlg %nd/or Jmagnet | eI d.

fi
Pref er abl'y* e Yis Gt PRt ur eel &R ected By Weans 6 veme plurality of

i njecti onsr:gomn:rm sragese thagertd ahoconponental V@Zf@@@ﬁ‘©08421 - 6
PCT/ FR2005/ 050555

According to one feature of the disclosure, at least part of the
gas or gas mixture is injected with & tangential wvelocity
component intc a cavity, preferably a tubular cavity, before
being subjected to the action of the electric and/or magnetic

field.

Preferably, the gas c¢r gas mixture is injected by means of a

plurality of injections comprising a tangential component.



According to a preferred variant, the tangential injections are regularly
distributed over the circunference. 5 Various variant enbodi nents are
passible, in particular: injections or gas mxtures are all situated in

t he sane 1%%2?@§?b09& ;the injections are situatggikaQ£6§§y?§65g anes.

I njections t e Situated in the same plane ar regular
distributed in this plane. According to one variant enbodi nent: at |east
one plane only has one injection; and/or 20 at | east one plane has two

i ections AbcRlingndeyy AU peast 008 plane-has Lhnge |ohseLions al 120
and/or at |east oné plane has four injections at 90. In general, the

i nj ecti on pLBABCHLOPPaned s/ areI PR et perfbistilidrutast t heodsdr s ofhehe tube
or of the cavitymreubhested to the field. However, according to one

vari ant of the invention, at |east one of the injections is nade through
an orifite oriented so as to give a velocity conmponent of the injected
gases that Wsr3Bupar aMseliara t heediesdiednids r echiren ofpddswifenr t hengases
toward or i Lo &QS g%yity. Thus, in the case of a gas injection into a
cavity, in g Flcuﬂar'a tubul ar cavity, which is generally arranged
vertically during its use, the gas flowing dowward, it is preferable in

35 some cases;BetibAsMBKe G fuilkthael %&éﬂ%{lilzlfgmlaltye blti-lﬁ] chd) Sl rection

inclined downward with reSpect to the vertical axis o e cavity, at an
angl e titat BaRRGary Wp2006/ 008421 - 7 - PCT/ FR2005/ 050555 between 00 and
90, preferabky between 20 and 700,

the injections are situated in different planes.

Injections that are situated in the same plane are

15 regularly distributed in this plane.
According to one variant embodiment:

at least one plane only has cone injection; and/or
20 at least one plane has two injections at 180°; and/or
at least one plane has three injections at 120°; and/or

at least one plane has four injecticns at 90°.

In general, the injection plane or planes is/are
25 perpendicular to the axis of the tube or of the cavity
subjected to the field. However, according to one
variant of the dinvention, at least one of the
injections is made through an orifice oriented so asg to
give a velocity component of the injected gases that is
30 parallel to the desired direction of flow for the gases
toward or into the cavity. Thus, in the case of a gas
injection into a cavity, in particular a tubular
cavity, which is generally arranged vertically during
its use, the gas flowing downward, it is preferable in
35 some cases not to make this injection horizontally, but
in a direction inclined downward with respect to the

vertical axis of the cavity, at an angle that can vary



noré preferentially at about 45. The operating conditions of plasna
devices situated at 5 the outlet from punps of etching and deposition
reactors (at atnospheric pressure or close to atnospheric pressure)
shoul d, in it possible to absorb a 9#9% i nlet
greater thgﬁggggfpgggg?per m nut e (sI#? ‘when the ﬁx %égg?ﬁ%gﬁggseveral
et chi ng chanbers are connected sinultaneously to the depollution unit and
operate sinbetwaeously. anthe®@as therfeomisliyst bebwsent iZld yaati nfe¥pgen. In
order to ogggén goed.conyersion.efficiengy of the nost stable nolecules,
such as PFGCs, 8 necgssary tg power %g shoul d generally be greater
than 3 kVVand coollng i's prOV|ded of the outer wall of the cavity,

particul arl yhet Bpedia$Ghaf e idie.oddmbenBntahboneof ke dinvemtd Pt
generalkahnaﬁes it _20 possible to establish a system of hydrodynam c

forces et eREHE Emai THE n BHEPRXi GF sYHrTEtry offtthe S5REEH1@Ad to
prevent ranﬂeatdosburbam@e, aﬂmqﬁyﬁeﬁﬂﬁzn Mfesafureel eekr onBYsLEI C ©F

t her mal nat% ﬁgg}gls | aci.n Shgla%ra f.romthe a aI S|t|on
van

Among t he Bgestor the“rnventi 6n w1’ be hotEdx Fiohtin the

mean tenperppapebdé tUte aasdrb ﬂamqultfbowﬂaﬁemha ﬁhﬂ@UM@wéatemace out
further 30cthe Bpevientd e Jmin (BRRY ALERS Bl IS llarharge tube,

- mai ntenance of the plasma away ron1t e wal caV|ty (t'/he tube,
for exdfpl efepeEIentGf ittt aFhaBReTpi SE&e ﬁOﬁlﬁ@Ctt@ﬁ'\‘peﬁuammrfeamomms wal |,

that can 3goregeh tRIMEIAISS ehitheaprdespetadQ00G mineaddaysof, t he

fluid according to t e invention nmakes | posg ble to extend corsi derably
the path of "fhedggsthen consists essentially of nitrogen. In order

to obtain good conversion efficiency of the most stable
molecules, such as PFCs, the necessary tbtal power
15 should generally be greater than 3 kW and cooling is
provided of the outer wall of the cavity, particularly

the discharge tube,

Implementation of the invention generally makes it
20 possible to establish a system of hydrodynamic forces
which tend to maintain the axial symmetry of the system
and to prevent random disturbance, in particular of an
electromagnetic or thermal nature, from displacing the

plasma from the axial position.

25

Among the advantages of the invention will be noted:

- a reduction in the mean temperature of the wall,
making it possible in this way to space out further

30 the preventive maintenance operations of the
discharge tube,

- maintenance of the plasma away from the wall of the
cavity (the tube, for example) preventing localized
rises in the temperature of this wall, that can

35 reach temperatures of the order of 1000°C.

The flow of the fluid according to the invention makesg
it possible to extend considerably the path of the gas



W2006/ 008421 - 8 - PCT/ FR2005/ 050555 in the active zone by preferably
giving the flow a helical novenent (when a cavity with axial symetry is
used) and al so by pronoti ng exchanges of material by turbul ence between
zones of hi asma energy. 5 In practi [ le, in
particul ar aﬁéﬁgg{bﬁgggéesired to nain?ain t he hef??%&ﬁ%%g%ﬁéﬁéfg 0 conply
with a certain nunber of constraints. Preferably: 10 - the conpactness of
t he devi ce imsttia r sttafveal Eobe Ly epertedabiwt hoiwing pdssi blewaddi ng any
appreci abl e ul t he i Ce_ i I ving t injection
of gas accoP%?%%éfgﬁgﬁg&gpgvéﬁF%%h,$1%9?¥%§IW%?%eg&g%gsggree?ggg shoul d
al so be preseededagsl 2hecgdy fPowNebing Ereheedesi npbseatiyiehe Dy
operati onal  RrESsuhEe ObetPecRXDBHEL &fomgﬁeaﬁal WB%Y?19EHH tfefgye of use
for the destruction of effluents comng froma reactor for producing
seni conductors. 20 In a general manner, gas injection will preferably be
tangenti al andppadeiby, means sofpreferablRyr drchantalsl 4 aHadedi d nid he
fl ange connecting.the pipes br.ingi i.n . the stream of effluent ses
upst r eam to&?ﬁler C|1$(r:khoar 6%”“% Ilub%éﬂgl nh?%lecaglasglolvr‘?nﬁélrtt’i cg?arc?ﬁ‘ hel i cal
novenent ofwihke agasrtabhnsnpmbpel bAntogasrsineam uBedfepabbyai n such a
novenment can be reduced to the aforenentioned gaseous 30 effluents com ng
fromthe exhaust fromthe primar punp. I n order to maintain such a
movenenrt? i n- a BiabFeMPAERREFS tHe BROUAEVHFSt avgent i W shooénedtl dfethe gas
shoul d in genesadsbe,qef er ghkycappreci@abl ypgsgabee t Ramsides axid)
honol ogue. Thi's invo|] ves prOV|qing ,
appreciable’ supplementary bulk to the device not
involving the injection of gas according to the
invention,
15 - a limited pressure loss should also be preserved on
the gas flow to be treated, imposed by the
operaticnal pressure of the exhaust from the primary
pump in case of use for the destruction of effluents

coming from a reactor for producing semiconductors.

20
In a general manner, gas injection will preferably be
tangential and made by means of one or more channelg
provided in the flange connecting the pipes bringing in
the stream of effluent gases upstream to the discharge
25  tube. '

In the case in particular of a helical movement of the
gas, this propellant gas stream used to obtain such a
movement can be reduced to the aforementioned gaseous
30 effluents coming from the exhaust from the primary
pump. In orxder to maintain such a movement in a stable
manner, the amount of tangential movement of the gas
should in general be preferably appreciably greater
than its axial homologue. This involves providing
35 tangential inlet channels for the gas in the region of
the connection supplying the tube, each of which has a
cross section substantially smaller than the diameter

of the discharge tube. This adds an appreciable



35 tangential inlet channels for the gas in the region of the connection
supplying the tube, each of which has a cross section substantially
smal l er than the diameter of the discharge tube. This adds an appreciable

W)2006/ 0084 FR2005/ 050555 conponent t ss of
t he devi ce, %é%Pgﬁ/OOE%%ﬁd not reach a falue suchtééiiﬁééﬁéﬁxﬁﬁééégess
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practi cal ICumponéntbweyethesy§rem$uf®rEtﬁﬂatbﬁgtﬂkfldenﬁseareﬂgﬂﬂfralIy

used i th a:}ac Dl CapaGELY o OLLENCPARENCERLY WAL 008! oo, pr occss

reactors disc ing at the sane to nmaintain lica
nmovenent , lBr%ﬁﬁﬂréuﬁéﬂ%thPKbaE§§eﬁFQW;Qﬁ%ﬁRrﬁmﬁrﬁr@§QMW£XQE§ds t he

di anet er oftg@gpggﬁltabgcﬁkgatgbamnghﬁlﬂnII be adapted to the flow
treated._ I n order to be adapted to variable flow rates over a 15 w de

range, it will be possi ble for exanple to use a supplenmentary auxiliary
stream of pHopelrtant sgascher fbAumRehiang nbhee FOTEex: s Wareh ydddrd10ty

necessarily ected to_the constraint of a maxinum excess . pressure
at the |nle¥gg%b§§%%Tecise aggperagﬁﬁi 2 20 é%%?e?@?gﬁanéi fluents

by plasnma, ¢mnep&ct i tobar prigremiscr oesaviesys genecakirgingquat eShehesaamn tion
of one or ppre a“¥h|i6FﬁeEea%E'V§mﬂ%%% n [ AL LeXaml&. a4 r, Wﬂ st eam

etc, provided for exanple in the formo conpressed air. very
of ten, Wor PeALHAILRThked¥tid 250PPRIGHRY afi GFRXITHE BresgHref ]eﬁE’rSA s

i ncreased beyendii dhe- s Mpire vakbuegaieceassidat faf  aeeamrhkshi;ng; chem cal
reactions fo% con ertlng mg# utants. This additional air stream nmay cone
fromthe di3f#PbEti bR HEBWbIRYoFTeh8%f act ory produci ng semi conductors, at

a pressure of
In order to be adapted to variable flow rates over a
15 wide range, it will be possible for example to use a
supplementary auxiliary stream of propellant gas for
launching the wvortex, which will not necessarily be
subjected to the constraint of a maximum excessg
pressure at the inlet. More precisely, operating a
20 system for treating effluents by plasma, in particular
by microwaves, generally requires the addition of one
or more auxiliary reactive gases, for example air,
oxygen, steam etc, provided for example in the form of
compressed air. Also, very often, for reasgons linked to
25 the operation, this stream of air is increased beyond
the simple value necessary for accomplishing chemical
reactions for converting pollutants. This additional
alr stream may come from the distribution network of
the factory producing semiconductors, at a pressure of
30 several bar. It can thus be used perfectly well on
small diameter orifices. Moreover, the additional
dilution introduced is largely compensated for by the
increase in the specific efficiency of the destruction
of pollutants induced by the presence of the gas stream
35 according to the invention, in particular the helical

movement of these gases.



30 several bar. It can thus be used perfectly well on small dianeter
orifices. Mdrreover, the additional dilution introduced is |largely
conpensated for by the increase in the specific efficiency of the

destructionwogﬁgg?bbggﬁgts i nduced by #ge_presencepé$/§£§b@%é%§6% m 35

according to't nvention, in particular the helica nove t hese
gases. W2006/008421 - 10 - PCIT/ FR2005/050555 1In concrete terns, the
i nj ection syst empoanctaketegemeer alchfeor sij eftie drangemstical clrmnet skean

energe at gply,9pe ﬂogéf%di Okpat t%?r}’&'étxﬂ!eia%lev@hanrﬁ)yﬂg %fggggggpsaﬂé eam to

t he injection channel vision o stream 1s provi in a known

manner, so @8lYotoR® &3@®lanyTsi ghi fsearabr dssiwls | oFhe Wien afet@l ectric

tube is usedpstpea@xarl ehas ideseribad dMhpa BNt USWAH.I650#86:1d he

maxi mum_ 10 | nterpal, dianete the tube is dictated by the el ectron
densi ty 7 adFP&FegF diléntplb?\‘é%%?fgnoﬁnofat BOVHi EEREFge. SMhefiSt ROvatUe of

t he internahddi anet efigonifithett pbecskarentoeased, all things being in
addition wequal, it is found that the efficiency of the 15 conversion of
pollutants first of all increases on account of the increase in dwell
tinme with tWaenof at héiedegdyisecttiwre Howevesedbeydrd a ccenmtdian vad ue, the

efficiency fakisigngaccgunt pfc dhie faglatBaggstheggross,ysectjon of the

di scharge fills a smaller and snmaller 20 fraction of the cross section of

the tub® antlEfERat adibimekeEnsPbn bhet heuberi bherdicedted zdme itHee eases.

Thus an inceeastagnpraPesiton phathe p?ké@i@:ﬂ&t_;ﬂ@éﬁ&h'éﬁé?i Sof i gﬁ%é'h to
w reaciion actirvjty, an e

pass thyougg.t e tube in a region. of .
conver si on ﬁ%gy?ﬁ$%'oh%Fﬁe1Hé i ¥@l4BcrPdasdeE E?tﬁﬁﬂ?igd&qmﬁgagaﬁl%nvenent
to the gas,th¢ isihgosseblincreased, all things being in addition
equal, it 1s found that the efficiency of the
15 conversion of pollutants first of all increases on
account of the increase in dwell time with that of the
cross section. However, beyond a certain wvalue, the
efficiency falls on account of the fact that the cross
gection of the discharge fills a smaller and smaller
20 fraction of the cross section of the tube and the
radial extension of the peripheral cold zone increases.
Thus an increasing proportion of the pollutant
molecules is 1likely to pass through the tube in a
region of low zreaction activity, and the conversion

25 vyield of the device decreases.

By adding a helical movement to the gas, it is possible
to use an internal diameter of the dielectric tube that
is appreciably greater than that used without this
30 movement of the gases, without a large drop 1in
conversion efficiency. The use of a larger diameter
tube enables larger flow rates to be treated while
increasing the power provided to the plasma, without
accentuating the thermal stress on the tube and without

35 having a greater pressure loss.

The invention will be illustrated in the figures which

show:
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dyngyic injection head with two stages In figure 1, the gas
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0 (by virtue o nmeans not shown in the figure).
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30

35

njectlon head with two stages.

In figure 1, the gas injection device 1 has been
modified as compared with the device described in US-A-
5,965,786 1in which there was for example only one
tangential gas injection made in a lateral cylindrical
opening having a diameter substantially equal to that
of the dielectric tube 5 where the plasma is produced
{(by virtue of means not shown in the figure)}. If the
vertically oriented axis X-A’ 1is considered (axis of
the dielectric tube 5 and of the gas injection cavity
4), gas injections to be treated are made according to
this example through the part 2 through four injection
orifices 7, 8, 9 and 10 (figures 1 and 2) situated in a
plane perpendicular to X-X’. These orifices are
extended respectively by the channels 11, 12, 13 and 14
regpectively to rejoin the injection cavity for the
gases 4. These four channels and corifices are oriented
respectively at 90° according to this example. Looking
at figure 2, this is a section along the orthogonal
plane A-A through the part 2. The electrode 3 which
enables the plasma to be ignited ig situated above the
injection cavity for the gases. A second set of
orifices 20, 21 and gas injection channels 22, 23,
positioned at 180° to each other respectively, are
situated in the orthogonal plane B-B (see the section

in figure 3). A gas is injected into these orifices,



thi s exanple through the part 2 through four injection 25 orifices 7, 8, 9
and 10 (figures 1 and 2) situated in a plane perpendicular to X-X . These
orifices are extended respectively by the channels 11, 12, 13 and 14

respectivel ﬁo%o%?b%@zﬁhe injection_cayity for thﬁcjfp%gfgogioggggg f our

channel s and orifices are oriented 30 respectively a cCtording to this
exanpl e. Looking at figure 2, this is a section along the orthogonal

pl ane A-A t hpoughatihéepar ga2. uNderelmotaode 3 fwhi cxangriabl 2st¢ heo pkasma to
be ignited igsspiyatgd.jabove.t LDl gcl i pn.cavi r e second
set of 35 orifi ce)lsj' 20, }gl an%l ase%%ectjl'o.n C an%%lé%#gz%?gfg%}g} i oned
at 180 to eaBh dt Fenuwiespeatinge| plagfe Ehigate@sswrirecor vhegondll pl ane

B-B (see thpasectd ogr 1f1iigky ecBFect A GRS alsS 18] 6Chefd tRLO LHESEsT
orifice W)2006/ 00 4% - 12 - PCT/ FR2005/ 050555 for exanple a gas under
pr essur% (fBPVERGHDI 8T2EPE B35« FOLBS Pdycat&ft i SR idshpredt deh @i FOhat i s
al ways avai babEécegEnia taaupaendr rRg.plant. This pressurized gas w |
have a propelling effect so as to formthe helical 5 novenent of the gas
to be treated issuing fromthe four orifices in the plane A-A The
process gasThe mrafests oyad ¢an ke sdebérpipdctasth #hto fee phpemetdi B, but

't is prefeched kool ghesl alun, B0 nitrogen ard-possih) v g axigizing gas
pronoting a reaction"with the destroyed nolecul es under pressure,
preferdtly Detheefn1 apd HPseipby pan AOXicdjzdeg ofasorpeamatings of t he

vari ous gasesaateoROSSItH eghén depiridydd aho DELETE AL LARS W £0@F 8- Not  made
in the plane 1?) jE)eféfen i cul ar tg the axis of .the tube, but at an angle
| ess than 9BTCOSEAPTENtI NGt edt 2T haf 90 (Qourftder - Addr rEhi§Clet@® The
prior diviscoheofathensotaf filow ivardrder taskeedare possible, in
particular orientations which are not made in the plane
15 perpendicular to the axis of the tube, but at an angle
less than 90°(co-current) or greater than 90° (counter-

current) etc.

The prior division of the total flow in order to feed
20  the four channels 7, 8, 9 and 10 in the example in a
uniformly distributed manner is usually carried out
from an equalizing chamber (not shown) in which the gas
streams are mixed and of which the conditions are made
uniform, in which the mwain channel coming from the
25 exhausts from the pumps emerges. This chamber divides
four branch channels in a relatively symmetrical
manner. As far as possible, the incoming flow and
divided outgoing flows from this chamber should be
parallel so as not to add pressure losses.
30
At a high flow rate (for example four gram chambers
connected simultaneously), it is necesgssary at such a
flow rate to use channels injecting an auxiliary stream
of gas (plane B-B) in orxder to have a sufficient
35 tangential impulse so as to maintain the helical
movement of the gas. However, it is possible to inject,
through these channels 22, 23, a minimal compressed

flow serving to provide the necessary quantity of



20 the four channels 7, 8, 9 and 10 in the exanple in a wuniformy
distributed manner is usually carried out from an equalizing chanber (not
shown) in which the gas streans are m xed and of which the conditions are

made unifo&&oég/g\%gﬁthe mai n channgl com ng frﬁhnf}c%gzn Ws from

t he punps energes. i's chanber divides four branc nel’sin a
relatively symetrical nanner. As far as possible, the incomng flow and
di vi ded outgeyagnf lfows ¢axnyitg soohandtermsdwul dobserparal Idacoi@ss not to

add pressurge In€§§gfuo§9n$‘ge& Igé9$cfigg\/_rate (for exanple four gram
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chanbers connected sinultaneous , It is necessary at such a flowrate
to use channels injecting an auxiliary stream of gas (plane B-B) in order
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novenent. of the gas. wever, it _is chSI ble.to inject, through these
channel § 22M%%US i At mal S%ﬁ)rrprdésjélé% f 1 ot er vithiF 199t ovi g t he?
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diluted witreadtiogengasatata arepreserdt apmyeoxcomneenty at i Bn tofne500theart s
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as well as the total preﬁlzure | gss between the in gas into the

et for
equal i zi ng Rta#Her fdYEhe FFuth&® For*yaBESSSRFEr Ilf’ﬁ@y%%té’e@éblté}fi n a

heat inlet for gas intc the equalizing chamber and the
outlet for gases after they are cooled in a heat

15 exchanger (not shown in the figure) serving to cool the

gas leaving downstream from the dielectric tube where

the discharge occurs.

The performance of the same device (all things being
20 otherwise equal) according to USP 5,965,786 without the
invention and with the invention (that is to say with a
part 2 having only one radial gas 1inlet along a
diameter close to that of tube 4 and a part according
to the invention with its tangential gas injections) is

25 considerably improved.

Indeed, according to the invention, a rate of
destruction of 90% 1is obtained at a power of
approximately 3000 W, and a rate of destruction of 99%
30 at a power of 3500 W. Without the invention, it is not
possible to treat a flow rate of 80/liters/min (glm)

with sufficient performance to offer practical wvalue.

By using a device without implementing the invention
35 and with only 60 slm flow rate, more than 5500 W are
required to destroy 95% of the same concentration of

5000 ppmv of SF¢. This in comparison with the invention



15 éxchanger (not shown in the figure) serving to cool the gas |eaving
downstream fromthe dielectric tube where the discharge occurs. The
performance of the same device (all things being 20 otherw se equal)

according t 86 without the. ,invention i i ntion
(that is toﬂgggga?Pﬁggzzpart 2 having %%|y one rad?gf/%%é$?$ié§éég'ng a

di aneter close to that of tube 4 and a part according to the invention
with its tangentdlal gad ithpectanenshiksur@b oetesiedersds ythapr @sad. Wwndeed,

according t h ion, a rate of destruction of 90%is obtained at a
power of a%%%og?ﬁggggé'sooo W and a rate of destruction of 99% 30 at a
power of 3500 W Wthout the invention, it is not possible to treat a

flow rate ohg89QLEbhaT SMER LSt MAD BYF Id16] emdvperhalARRes t oj0f f er
practical value, By using a device wthout inplenenting the invention 35

and wi t I onF§SBOE sERPERG rate, hbhlle naRt 5560 SRRGRRtTadGiat et t 8Fdest r oy
95% of the BapwegAnceonbr ahiiopoob ppAOG0 ppnmv of SF6. This in conparison
with the invention W?2006/ 008421 - 14 - PCT/ FR2005/ 050555 (60 sl mand the
same m xture) where | ess than 2500 W are required. Additional

measur enent $hat 8@ ssiumehalkessheoematihat fddrefed Ineswithilepehds Menyrdittl e

on the conc i of 6. 1 and.5000, p e sure | oss
remai ns per?g%%?££§§?hﬁ%§fhénpﬁﬁﬁﬁgg}p?%%%ri%éggfg? ?%%Egggiéﬁ£§§g% wth a
certai A% mar §PR tie f@eq Hef cusénbenthpnaénfilvgsuatigosuatiists awilsh coul d

result fronyégﬁgtopgéﬁtgagecgﬁgggtgﬂ%:cbﬂdgggbﬁggn, a radi cal change has
actually been found in the spatial distribution of the plasma and its 15

stability with tinme. The plasnma renmains well centered
In addition, a radical change has actually been found

in the spatial distribution of the plasma and its
15 stability with time. The plasma remains well centered
on the axis and has an apparent radial extension that
is smaller than 1in the case of injection without
helical injection o©f gases. Visualization has been
carried out with a camera through a transparent silica
20 tube with lateral incidence. This wvisualization has
shown the absence of instability with decentering and
the absence of adhesion of the plasma to the wall of
the tube. Axial observations have also been carried out
in a ceramic tube which confirm the fixed nature of the

25 plasma at the center of the cross section of the tube.

It has also been found that the guantity of heat
radiated by the plasma is less with the invention than
without the invention.
30
It has been possible to carry out destruction
experiments under nominal conditions over several hours
in a silica tube, without any damage being noted on the
wall of the tube, in particular frosting following
35 chemical attack on the surface by corrogive fluorinated
compounds. As a comparison, without implementing the

invention and under the same conditions, a silica tube



on the axis and has an apparent radial extension that is smaller than in
the case of injection wthout helical injection of gases. Visualization
has been carried out with a canera through a transparent silica 20 tube

with later i This visualization has s f

i nstabili t%Obﬁﬁ%gg{g%ﬁ%%ri ng and théa%%sénce of m%%ioﬁffggﬁasm to
the wall of the tube. Axial observations have al so been carried out in a
ceram c tubESV\hpehf@mtédim bhe theedcaht uweoofoh hea?d/piasip atoddie center
of the cross |o o] It has al so been found that the
quantity of Itl |%t %g‘% %Eﬁﬁgeﬁl asma is less with the invention than
W t hout the |nvent| on 30 It has been possible to carry out destruction

exper i ment spgpdeg 0o nﬁo&o%ﬂégn%pvgro seuar akohodig, ifh@ silpca tube,
wi t hout any damage being noted gn the wall of the tube, in particular

frosting fo%PbﬁFﬁbO@SPEﬁéﬁ’iﬂééﬁ aft FEeon RURE ST f%@%ﬁ%rﬁ?%ﬂ/@g
fluorinat edcheeigounds. AsrdyaOiRAr | SQhantellROut wh BBl engnt i daddiear

i nvention and under the s S, ilica tube W2006/ 008421 - 15
TR FpootrpeseEat ly B arbuthE okem DI SroLFarT BRa Py Tcal

fusi on, in eohpnessadt es.r Fenteatizlg fthmoughestwwj bhaamet 160 3km 1he sane
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t angenti al annels wth a dia approxi nat el y “the
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Wi th a di amptes: apR 0Xi FBEehY Hakbvel Jhalr afs tdhe,4d.chamng) Sodht 8- 9 and

10). The destruction rate in_relation to the mcrowave power IS
subst ant i al F§2Bette?C FhAn248f ébespﬁ?aﬁar?hé%?eé%i% |l oss falls.

When the total flow is reduced below 50 slm, a stable

15 helical movement can still be maintained in this supply
configuration for a flow rate as low as 30 slm.
However, a little less stability is noted in the gas
flow.

20 At a low flow rate, it is therefore preferable to use
the auxiliary injection channels 22, 23 to provide a
supplementary propelling force in order to maintain the
helical movement of the gas, while increasing the
additional flow of air or nitrogen up to a total flow

25 rate of 50 slm, for example.

Thus, when only one etching chamber is in operation
{(flow rate of approximately 20 slm), 30 slm of air or
nitrogen are added through the auxiliary injection
30 channels when the exhaust from the process equipment is

at a flow rate of 20 slm (one).

10 slm of air or nitrogen are added through the
auxiliary injection channels when the exhaust from the
35 process edquipment is at a flow rate of 40 sglm (two

etching chambers in operation).



When the total flowis reduced below 50 sim a stable 15 helical novenent
can still be maintained in this supply configuration for a flow rate as
low as 30 slm However, a little less stability is noted in the gas

flow 20 Atya,bowfhoytate, it is theyefore prefesaple to use  ihe
%% suppl € H#

auxiliary infectron channels 22, 23 to provide a ary propel ling
force in order to maintain the helical novenent of the gas, while
i ncreasi ng Fheuraddi tshowal dHaowexd wbrtbe debtogeniop trete tzatdltHd ow 25

rate of 50 f Le. T @?%9 I ne . i er isin
oper ati on %%%%a#%%tgé%gpg% f%gﬁ%g%e y 2§Es¥ﬁ$ Elgg%g%%%ogﬁhlr’oﬂl§

ni trogen areh@adfedstheagghabrEeauRiorB38r plimj-edtti ot 130 kshamiedd theth t he
exhaust froghtheuptesessecequ miBar afod Ehewskabeof-2Q s{fa(ane). 10
slmof air o itrogen are added through the _auxiliary injection channels
when t he exﬁiﬂﬁgt WLPgﬁnvteﬁe thes gruceRsregiPpneht PESLAUcK imEdRd a8 of 40
sim(two eighpagtchanberisetweonerabtboand 020065008421 - 16 -

PCT/ FR2005/ 050555 Figure 5 shows changes to the destruction rate and the
pressure | oss as a function of net mcrowave power, in the first case
above (20+38 dympmirt iwijldctiemoheddt kath tthesimglMesshagevemy siawd ar f or

the second £ase;(40+10; 5 gL q;egﬁég%%gpQ%qpeﬂg agﬁgglggiﬂgrnhﬂprinated

gas, in particullar between 1000 an ( pm A dynam ¢ i njection head
wi th aldi ngPecstage PS5 Showsasi arf ggareistukavi ng a chamber 101 for
equalizing the 10 pressure of the gas or gas m xture. The gas to be
treated is jnjected via the channel, 100 ., into, the chanber 101 where the
gas pressur sga§q5é1ﬁ¥%dFr?ﬁF§ chEner §Edel ViR t BReasharagli ndid cal

into the chamber 101 where the gas pressure isg
equalized. This chamber is delimited as a cylindrical
15 crown 101 surrounding the tube 105 in which the gases
to be treated are injected via injections 106 through
the body 108 which surrounds the upper part of the tube
105 and the electrode block 104 for igniting the plasma
which passes through the 1id 102 of the chamber 101 and
20 of the body of the chamber 103. The lower part of the
tube 105 is widened out at 107 so as to fit ontoc the

dielectric tube (not shown).

A dynamic injection head with two stages is represented
25 in figure 7, on which the same elements as those of
figure 6 carry the same references. Injections of the
gas to be treated are made through the orifices 201 on
the upper part, while auxiliary gas injections
(nitrogen, argon) are made through the *bottom”
30 orifices 203 communicating with the pressure equalizing

chamber 205, supplied through the channel 204.

The dynamic injection head 1is directly installed
vertically on the ceramic tube in which the plasma is
35 establiched.

The head described in figures 6 and 7 give the gases a

circular movement with a downward displacement coaxial



15 trown 101 surrounding the tube 105 in which the gases to be treated
are injected via injections 106 through the body 108 which surrounds the
upper part of the tube 105 and the el ectrode block 104 for igniting the
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t hrough theprbettendbn3@rordiHd cesp03 erMmarGatd Nngumkt b ihe pressure
equal i zi_ ng _ chanber %0?, supplied.thro gH{% e channel 204. The dynami c

i nj ection heRH®i ¥adi faét P§Si AStaltbed™ave Meused Y e dif SRtbe in
whi ch the pl¥lasal i sredbliest abld shesh Thelheadetipsenthed i nchaguresg 6 and 7
gi ve the ga i ar, e t_ with downwar d di spl.acenment_ copaxi a
W2006/ 0084%@3?’9?9&5%/ ﬁﬁ%&/ 55" ttglet He”Tube s‘aft Rat“THE H Gsma
creat ed doesinoulancopdentat| gfadhergasesthe wall and is sufficiently
separated fromit in order to offer reinforced protection of the tube.

The ceram c tube protected in 5 this way (5) has its thermal |oad reduced
by 25 ti§ 358h¢ GRPEANHeSYISEST Piah @PeSt BRpefatardorhae il eubsiamtial ly

| ower than ynchhe wahksenggcof @edowwar da10i rcutRE MR of sEhe gases.
10 The cooling system oil does not deteriorate ig contact with the hot
S

cerani ¢ wal F2EPRRAGHSRACEEBPEAT CFr bERaC¥GEE d&ddsiat dia Helsut & hal | of

the tube (oside) bears witness to effectiveness of the device and
the uniformity of the “gkin temperature” of the tube).
15
It has been possible to reduce the frequency of

breventive maintenance of the apparatus.

For effective functioning of the dynamic injection, it
20 is generally necessary to inject at a minimum gas flow
rate of approximately 2 to 60 1/m according to the
geometric configuration of the head (number  of
injectors, diameter of the injectors, angle of

incidence etg).

25
In order to remain within a permanent “vortex” regime
in the region of the plasma, the total flow rate should
be continually adjusted by adding a complementary flow
of nitrogen in another neutral gas (from 0 to 50 1/m)
30 {the flow rate is calculated according to the number of

chambers to be treated, several chambers being

connected to the system in parallel).

In all cases, the sum of the flow rates of the primary

35 pumps to be treated and of the additional nitrogen
should be greater than the minimum operational flow
rate of the plasma, which in all cases cannot be less
than 2 1/m.



side) bears wtness to effectiveness of the device and the uniformty of
the "skin tenperature" of the tube). 15 It has been possible to reduce
the frequency of preventive nai ntenance of the apparatus. For effective
functionin C injection, | 20 is geﬂ:ejg@% to

i nject at g““%%??ﬁ?ngéggﬂ low rate of appr oxi mat el I£Z}I(zi(gg’e}ccf?nqs%CE(}:/or di ng
to the geonetric configuration of the head (nunber of injectors,

dianeter of the injectors, angle of incidence etc). 25 In order to remain
within a perpEngnbony 9bheXestedLER abBvihe J ¢ghon 0f de &l asfa dhe total
flow rate should be contlnua adj usted by adding a conpl enentary flow
of nitrogen"?VC aRtIFER Snevit areéa@e@f e 8nY o S5oBoiE T3¢ (hherdWaoie rate i s

cal cul at ed grgendi nghatigtbhecaunbes of ijribgrs ts_)nbep%rr%qt:%qaxseva@ral
chanber bel n connect e%%o BQT stem i.n rallel). In all cases, the
e ﬁé?

sum of the $HOWTRIES oft SF lpch S t 6TBE P eakRIPRRAA t he
addi ti onal mvxogenr dheulde ke gt eatweive habrehet i Aoruxepgriat iional fl ow
rate of the ses cannot be less than 2 1/m
W2006/ 0084% if‘éqﬁr %ﬁ%ﬁo@?b@%SSS The invention descri bed above is
not limted to surface wave plasmas but relates to any atnospheric

m crowave plasnma naintained in a cavity, in particular a 5 dielectric
tube, whether this be froma resonating cavity or inside a mcrowave

circuit, for exanple in a hollow rectangul ar gui de. W2006/ 008421 - 19 -
PCT/ FR200S/ 050555 d ai ns



1. A nethod for converting a first gas or gas 5 mixture containing at
| east sone nol ecul es having at |east one bond between two atons
constituting said nolecules, into a second gas or gas m xture possi bly

cont ai ni ng t%dbﬂb’ /@ggéﬂ solid pr oductﬁ%derl ved frmdl_t c%% on,

wher ei n at eas one bond between two atons of sal es 1S
ruptured under the action of an electric and/or nagnetlc fleld to which
said first gas or gas m xture is subjected, characterized in that the
stream of gas or gas mxture is injesigd,dhrough the electric and/or
magnetic field in a non-linear 15 nmemmer 1n order to increase the distance
travel ed by the gas nolecules through said field and therefore to

i ncrease the, effectAveﬁ@%&f fidie rUpbEreiAl the diands qak nelecydes on
t he gas or as m xture. . The thod as clainmed in claim1,

char act er i ZBEFEPRC ﬁ:é’rnttaﬁéuﬂgr sftgasHit g8 4ies RRYEDRe at
conpri si ng Teasri naied kg&sieommtaifefelmem\rs: sathmas ci:dshstpﬂtmtmt_tj arsdfkC, HFC

or simlar g 3 e S i dln clal char acteri zed
in that the ??%%%lgg ln-l;‘% as” i %t%g’%@ cggé rgge g]PeS @a?ﬁﬁf}]é’ bond
bet ween a f¢@|@¢am1@morhlaz\dd anotiier a%@hld C@p@biluetﬁ @enduedngfrmd ecul ar

fluorine %%Séaa@ekgaeﬂgwh%%eeﬂ ecattr'feég@/ 8ﬁe”§>898t e thideld £y PO 4.

The nmethod as clainmed in one of clains 3, characterized in that the
gas or 1§as #isvureli saifnedeedlrat ést ﬁélprUéﬁei WOk rark Renditi et of

tangential afoxeseat-ief éﬂ&/cﬂﬁsm@@ngﬁﬁc mMexkuee i eahesnt Ban gt he 35 amount
of axial novenent of sai dtﬁ-g-% gas, m xture. }4‘%2006/ 008421 - 20 -
a

PCT/ FRR005/ T80588 985 THEHithote agurd FHEd | FarhfiiZefaigctiddZed in
t hat the anount sofetangeht gab rwvegeat misctwery Maichinjected through

the electric and/or magnetic field in a non-linear
15 manner in order to increase the distance traveled by
the gag molecules through s=said field and therefore to
increase the effectiveness of the rupture of the bonds

of molecules on the gas or gas mixture.

20 2. The methed as claimed in claim 1, characterized
in that the first gas or gas mixture 1is a mixture
comprising fluorinated gaseous effluents such ag in

particular PFC, HFC or similar gasesg.

25 3. The method as claimed in c¢laim 1, characterized
in that the first gas or gas mixture comprises
molecules having a bond between a fluorine atom and
another atom, capable of producing molecular fluorine
by passage through the electric and/or magnetic field.

30
4. The method as claimed in one of claims 1 to 3,
characterized in that the gas or gas mixture is
injected into the field with an amount of tangential
movement of the gas or gas mixture greater than the

35 amount of axial movement of said gas or gas mixture.



greater than the anount of axial novenent. 5 6. The nethod as clained in
clains 1 to 5 characterized in that at |east part of the gas or gas
m.-xture is injected with a tangential velocity conmponent into a cavity
bef ore bei } o the action the el ecty ﬁEEB ﬂﬁﬂﬂ?%ic
field. 10 gﬁoiﬁggﬁgéﬁgﬁias claimed in %éain16, ché%gg{erlfg%/ in at the
gas or gas mxture is injected by neans of a plurality of injections
conpri si ng a-tangenthal metbppgorentlaibed. iThelmsthad ashadtadimedi zad cl ai s
1to 7, characteri zed imdpat dheciangeptl fl nbhLaghio ‘s arly
di stributed over the circunterence. g%g§: Tﬁemnetﬁ%ékag%cﬁgﬁﬁ% In one of
t he precedi $5CaEfhi a2l cHae agPerntedl | axiaht voviemenf ecti ons are situated
in the sane plane. 10. The nethod as clainmed in one of the preceding 25
clainms, characterized in thgt t he injictio s arein different planes. 11.
The netRod &s cl ai B i n"ohB°%f ERe HradBEFngilcl &iRdMSchdr adt®rized in
that the ingestaonsrsiédatied i3l iac t beasanpapkane atieer ggsl anl Was

di stributed, . he .net hod . |.ai in qne of clajms,1 to 11
characteriggh |nr%hafgfnjggﬁ%éEgdofq?ﬂ%ﬁga%'tog%%ge? ddted HEMWdE in a
first planecanelrent niatbi ¢h ofvEbyt befprepdidimmg galbjsuchdasaaitthe

ni trogen or,oxXygenst SthdBdeelfr - SLLQNdy Phattac PLeELLARl y parallel to the
first. 2006/ 008421 - 21 - PCT/ FRZOO/Q?ESO%%%E 5 ﬁég‘?s i nj ection
apparatts for inplenenting the nethod as claimed in one of claims 1 to

12, 7. The method as claimed in claim 6, characterized
in that the gas or gas mixture is injected by means of

a plurality of injections comprising a tangential

component.

15
8. The method as claimed in claims 1 to 7,
characterized in that the tangential injections are
regularly distributed over the circumference.

20 9. The method as claimed in one of the preceding

claims, characterized in that the injections are

situated in the same plane.

10. The method as claimed in one of the preceding
25 claims, characterized in that the injections are in

different planes.

11. The method as claimed in one of the preceding
claims, characterized in that the injections situated

30 in the same plane are regularly distributed.

12. The method as claimed in one of claims 1 to 11,
characterized 1in that injections of the gas to be
treated are made in a first plane and an injection of
35 the propellant gas such as air, nitrogen or oxygen is
made in & second plane, preferably parallel to the

first.



characterized in that this apparatus conprises at |least one first gas
i njection channel, preferably situated in 5 a plane perpendicular to the
axis of said tube of which the upper end is closed. 14. The apparatus as

clainmed in | aracterized i hat it in a5 e
second 10 %égbﬁ%%§%§%%£ channel , pré?%iably situgj't'(gId iré@?%ﬁﬁﬁﬁ?ég]
perpendi cular to the axis of the tube. 15. The apparatus as clained in one

of clainms 1B3or 14a ghar datjerdtziech | aippdadting Eoel udesd eametyrniany cchd 5
i nj ection heag with LW Leyehssal 58 1 ngludi Bg oLGiGes for i egfing an
auxiliary gas. !
characterized in that this apparatus comprises at least
one first gas injection channel, preferably situated in
5 a plane perpendicular to the axis of said tube of which

the upper end is closed.

14. The apparatus as c¢laimed in claim i3,
characterized in that it includes at least one second
10 gas injection channel, preferably situated in a plane

perpendicular to the axis of the tube.

15. The apparatus as claimed in one of claims 13 or
14, characterized din that it 1includes a dynamic
15 injection head with two levels also including orifices

for injecting an auxiliary gas.



