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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 315 to 60
liters of nitrogen for each pump. In order to convert
the greater part of these large guantities 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 inelastié 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
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the periphery. Visually, it is found that the luminous
intensity of the discharge becomes attenuated as it 1is

15 further away from the axis. In some 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 pexcent, have the effect

of promoting the radial expansion of the discharge and
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t he gaseous nediumand the wall of the tube and consequently the 35

Jeliability of the latter. It has been found that as

hel i um and HYRR R C&4% nitrogen confents of th%ggﬁgggagg?g%é%%grcent,
have the effect of pronoting the radial expansion of the discharge and
WD2006/ 008420 a3 5r PCHERAORE/05A555 thbergior ecafpdnoneasi g t degas

tenperature in the vicinity of .the || of the tube.. | |.S gi ng
of the IatteYl‘BWJatﬁF\eag e Bl %‘cc\(l:\g}ﬁ?ugflgﬁ; 5#{ %%isgaflgg’be%n ound
that ot her gaseshdavectdie by evciszt effatt arml gramwtuatedli al contraction of
the discharge. In this case, it is generally observed that the plasna

does not remain constantly centered on the axis, but noves randomly within
the cros$ sebtidmof al@a hdveembe fowndn Ehat pl AT | TRt Eréd

‘approaches fhe.wall @folhe fnbepldticte Srd@I@Dr adntyraexpesedofo e very
hi gh gas tenperature as_wel| as the action of el eﬁron% o%'g\reﬁf that

t her modynani $1SeRATIDr | G TRLEh CAFSevidn 1T gBERSEREH Gy OPFATSSH iy case
i s that wherend5ptihempl @ i Sopr eseat nascontamt lypreeveeyediense tHe | anent s

which, if they,cone into contact .w t val or fLigientl w4 ong
peri od, prod‘_i’l%Jes EQEFJ nemo‘f%%afrfa’?gamgpr e@?e%ﬂ%nk?%e ‘il‘;"ts‘?ér.é There is
t her ef or® a théskubé.r Upewr ithe thlesed | 1pydepenipreehantc APPXPAGIET oad,

poi nt erosi opy, of (L he wal lof &g tube dy; hi gbmpeper9yy T bupbkaat ed speci es
and al so carboni zation of the dielectric cooling fl ui gﬁon t he out

. g
surface of Y®EYt dH&TopPasi tEEMBREFGHITR 6F cBRthct®Df t0fe PTaERR SH the

wal | . electrons out of thermodynamic equilibrium, with an
even higher energy. This limiting case is that where
15 the plasma 1is present as one oOr 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
risk of fupturing 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 consists 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 bheing
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

unknown.



.25 Afirst solution for this type of problemconsists of using a tube nade
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dissociation of pollutant molecules is less probable in
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 mﬁch lower probability of being
20 dissociated than if it passed through close to the
axis. It can be envisaged that said molecule during its
passage migrates towards the hotter central zone by
diffusion, 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 leaving 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
as fluorine F, obtained by cracking of a molecule such
as NF; in a plasma. Such a method and the associated
generator  are described in  international 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.



MaXis. It can be envisaged that said nolecule during its passage mgrates
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15 The method according to the invention is 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

20 therefore to increase the effectiveness . of the

destruction of molecules of the gas or gas mixture.

Preferably, the gas or gas mixture is injected into the
field with an amount of tangential movement of the gas
25 or gas mixture greater than the amount of axial
movement of said gas or gas mixture and in addition,
the amount of tangential movement is very much greater

than the amount of axial movement.

30 According to one feature of the invention, at least
| part of the gas or gas mixture is injected with a
tangential velocity component into a cavity, preferably
a tubular cavity, before being subjected to the action
of the electric and/or magnetic field.
35
Preferably, the gas or gas mixture is injected by means
of a plurality of injections comprising a tangential

component.
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10 plane;
or

"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 one 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 injections 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 invention, at least one of the
injections is made through an orifice oriented so as 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



_at least one plane only has one injection; and/or 20 at |east one plane has
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molecules, such as PFCs, the necessary total power

15 should generally be greater than 3 kW and cooling is
provided of the outer wall of the cavity, particﬁlarly

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 makes

it possible to extend considerably the path of the gas



provi ded of the outer wall of the cavity, particularly the discharge tube.
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égpreciable supplementary bulk to the device not

involving the injection of gas according to the
invention,

- a limited pressure loss should also be preserved on
the gag flow to Dbe = treated, imposed by the
operational pressure of the exhaust from the primary
pump in case of use for the destruction of effluents

coming from a reactor for producing semiconductors.

In a general manner, gas injection will preferably be
tangential and made by means of ohe or more channels
providéd in the flange connecting the pipes bringihg in
the stream of effluent gases upstream to the discharge

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

effluents coming from the exhaust from the primary

pump. In order to maintain such a movement in a stable

35

manner, the amount of tangential movement of the gas
should in general be preferably appreciably greater
than its axial homologue. This involves providing
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
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adapted to the flow treated.

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 excess
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 reasons 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
air 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.



_tinme. In order to maintain the helical novenent, 10 particularly while
observing a maxi num pressure |l oss, the dianmeter of the gas injection
channels will be adapted to the flowtreated. In order to be adapted to

variable flow rates over a 15 wide range, it wll bRl gshessexanpl e
to use a SWWFR%%;]&UH liary stream of propel Fgﬁgﬁg‘ggb?c/)r [aunchi ng
the vortex, which will not necessarily be subjected to the constraint of a

maxi mum excegss sessee ateihe, i nkré. Miecpieni seyyreoperari n§a&e20

-system for treati ffluents by pla . il N 11 a DYoL OWRES,
general |y re%ﬁJY‘?%%nPt %é’rg'ﬁdi tftbeh &P %gl%’l 1or&?r‘{0éﬂe§iagux?iainar%/ rlggacti ve gases,

for exanpl e @ily mnmedevsiieanretat peowrddd Levedganples i Pathe IE6Am of

co_rrpressed 'a&'oéstfégl{?, t\éerghgft 'eé@;{oﬁe%?&@ﬁlehisnk@di{r@siaﬁ tde aper ati on,
this stream arr 1s 1ncreased beyond the sinple val ue necessa{__ytfoor

acconpl i $hi ngtedmm caF preacddsshs For 2cdmRAf i FYEPOT ufant®® THis

addi tional 2hd $i{eeipyicone profedhe Thsdribution network of the
factory produci ng sem conductors, at a pressure of 30 several bar. It can

t hus be used perfectly well on small dianeter orifices. Mreover, the
addi tional wihéwti an dieleduced | $uker gely cospensafed f 8KapPlEhe 25 ncrease

n the speciflc elflgl enGy ObatledeshsuRls0Dss0fapol | Want s vadusad by the
presence of R gas stream 35 according to the jnvention, jn particular the
hel i cal 1onoviemeetnal tdbrectricesot WIHDD6/ DOBA21 S PGC-taﬁ@fJ/ FI%’OOQ:/%OSSS
I n concrete LeLaByoh Neadils HGF i O SYST €Ny €t drake pragvarealorf orofs. tHee \
gas feed  updtPeanTe.  HBSn O | BAIERARAGIES df VTSI oa of B B s aam) o
provi ded, i ncAeknawe migneamcsmesi noklo things being in addition
equal, it is 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
section 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 1s likely to ‘pass through the tube in a
region of low reaction 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 in
conversion efficiency. The use of a larger diameter
tube enables larger flow ratesl 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:



add any significant pressure |oss. Wen a dielectric tube is used, for
exanpl e as described in patent US-A-5, 965, 786, the nmaxi mum 10 internal
dianeter of the tube is dictated by the electron density radial gradient.

.phenonenon of the discharge. Wen the val ue of the j I er of
the tube is WORGUAEB4% | things beindlin additi oﬁclf«'gﬁgéﬁ,%(?g?gg%ound.
that the efficiency of the 15 conversion of pollutants first of all '

i ncreases on aGCRUAL ef the dhwirasea | Ridwel bt itmee Widds t hateofibhe cross
section. However,” beyond a certain vyalue, the efficiency falls on account
of the fact thatyS4s& éﬁcé’égd%’@cttiooﬁ\f’ﬁf &' §8Harge fills a smaller and
smal l er 20 fracticureofz t he seossomeelbog &f dfhehaibdewieethé LAGHFE|
extension of the peripheral cold zone increases. Thus an increasing
proportion of the pollutant nolecules is |ikely to_pass throLtl h the tube
in a re@§ion offiqwe eact&oreatipvi eyponand e WHhVEFSioh ©55 3%‘?—’8 of the
devi ce decreasels,. 0 By adding a helical novenent to the gas, it is possible
to use an internal .diameter of the die]ectric tube that Jis ecj-abl y
greater tham tHatoWssd i t#Gt hi & BW%vé’r?en‘%lggeFﬁ]é‘ ga%eessl,?lp%tﬁgut a

| arge drop in gonMersianeLfficiency. The use of .a | arger dianmeter tube
enables larger flow rates _to _be treat ile .l . 23S h Kk
provided to t heglﬁlﬁrsermgvmat hout " é‘%ce‘ﬁ%)%alnlg ?%ge%ﬁgr%}? %t?gggwgr? t he

t ube andow t houinje% favilrept WirdatersigiHss Bt€Hioss. The invention will be
illustrated in tJ | gur es, whi hoywv. 0061 00844L on 11a- dynamic

PCT/ FR2005/ 050!3%{51‘?@’1{(4 If?@u%éwilgglg?acﬁvoxg?gvi ew of the gas i njyecti on

syst em accor di fgies G ihgachtWigit two stages.

In figure 1, the gas injection device 1 has been
15 modified as compared with the device described in US-A-
5,965,786 in 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
20 (by virtue of means not shown in the figure}. If the
vertically oriented axis X-A’ 1s 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
25 orifices 7, 8, 9 and 10 (figures 1 and 2) gituated in a
plane perpendicular to X-X’. These Qrifices are
extended respéctively by the channels 11, 12, 13 and 14
respectively to rejoin the injection cavity for the
gases 4. These four channels and orifices are oriented
30 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 is situated above the
injection. cavity for the gases. A second set of
35 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,



- figure 2, a section along A of the device of figure 1; 5 - figure 3, a
section along B of the device of figure 1; - figures 4 and 5, a view of
different results of neasurenents, - figure 6, a viewin vertical section

.of a dynamic 10 injection head with a _single step;. fi saShakkarly in
verti cal sed’fQMG/a{gQﬁA?é!m c injectionlfedad with t%gégggggg/ﬁbg};éure 1,
the gas injection device 1 has been 15 nodified as conpared with the

device descridieth il As §2968ndS8P prewbied thereewaspler2ekanpbexonly one
tangential gas injection

made in a | ateral lLi_ndrj ca pening .hayi ng a
di anet er subst aféial ISPcEgF4l CPS‘plrler&tsedof—"thg%ﬁiteIlesc%?}'vgygu%gbggag}ée t he
plasma i s pradueedmafuEbytuiritye miameanThist shessurhzefie Faguié)ll If the
vertically qriented axis ﬁﬁq?i se%}_sd’ deped, f axis ebrmt Nendi gkagkiinc tube 5
y , 9

and of the g4¥8'% nfeckt B8R cavi as injections to be treated are nmade
accor di ng t onotdnenexafipteet grdugh Phetpaprted tRFBAGH £6GR FAfedOon 25

orifices 7, 8.4 & a0d {40 {fd o 8% Lnand 2) situated in a plane
per pendi cul ar To SCx Theg%II orifices are extended respectively by the
channels 11, 12, 13 and 14 respectively to rejoin the injection cavity for

- the gases 4rndhgseckeur ghaneel veantesridyeds cane ardenbed i30 ecésgect i vel y
at 90 according to this_exanple. . lLqoking. ' 2, ot hiScks &s5ection
al ong the orthoyohlf P F‘Eﬁe%R-BA t%l%oﬁgegg%%gﬁﬁéftgygsdﬁg el égt rode 3 which
enabl es 1ohe plasogen o del i guissEdlivs eht uaxediabhbde Ide BETRAIHh Cavity

for the gases &f&&om.tﬁettd@é 38cerblbaesiAb Rk Andngas igtieeehires)
channel s 22, 9233 positioned at 1800 fo_each other resgfftl.veley are
preferably between 1 and 10 x 107 Pa. cinjection
orientations of the various gases are 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 wusually 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 main 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 ‘sc as not to add pressure losses.
30 '
At a high flow rate (for example four gram chambers
connected simultaneocusly), it 1is necessary at such a
flow rate to use channels injecting an auxiliary stream
of gas (plane B-B) in order 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



_Situated in the orthogonal plane B-B (see the section in figure 3) . A gas
“Is injected into these orifices, W2006/008421 - 12 - PCT/ FR2005/ 050555
for exanple a gas under pressure (for exanple 2 to 10 x 105 Pa), such as

.conpressed air that is always available in a manu turi sIhis
pressurized 20 /?084ave a propel | nd' effect so %;%%1/%%? nPIO%%ﬁeI i cal

novenment of the gas to be treated issuing fromthe four orlflces in the
pl ane A-A. Tcksgyc_r,)éﬁceg,% gas-ipie dast roued ean absoebeidmj eepedionst o the

pl ane B-B, but r ef err dto hw{ ect air, 10 nitrogen and possibly an
oxi di zi ng gaRf pﬁ’%h%:t‘rl‘gﬂ@l d'tlc?]oehc $% the destroyed nol ecul es under

pressure, preferably betvveen 1 and 10 x 105 Pa. Al injection
ori entations_of the v r Sil®, d&-rpadt b@t&l ariemi ent ati ons
whi ch are nglt) g{’h%g%legﬁgl% %pgl'rl%g%dl cul ar torthe axis of the tube,

but at a® arrgi:eturess ohan S0 coddrit@t ) Sty eafB-PFER 90 Clounter -

current) etCreﬂP@s@ﬁtgflgéVbéh@@n@ia&h@ntQﬁﬁhsddmwpaﬁt@rﬂef td Ifléedh 20 t he
f our channel s 8, 9 and. 10 he exa

, uni f t r| ted
nmanner is usla‘él P IO | éHP‘Bm ﬁ’ﬁ’rﬁeefh g ﬁal?@‘?‘?ﬁ% @ﬁan@{eérn %Uggtsl in
whi ch the gaseasti¢angaar et xedansad off appdxidesaiond tb ohdmase tﬁf’@de

uniform in which.the nmain chann Opkr 25 2usts JHaws the
punps ener ged & Etgyclﬁgnbg drvi gesS%OP]ggr %r g%ﬁtﬂ%danﬁgég in-arelatively

symet rilcal thenmergmAss apt aghgostabe e Oft hées HESRT HY f Péw Aitd 28i Vi ded

outgoing fl O%néfgg}tt hies ﬁ{@nﬁfér§ﬁé’#edpg%erpaﬁ%ﬂ e'pﬁ@vf@ecﬁmtot ciadd
pressure | osses

At a |gh flow rate }(‘for exarrg ut gra ch:q,{gbers
connect ed siPlREEAc0ds!| YWELL B8 Shfecelsit yPLRESEHE 058
inlet for gas into 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 dJdevice (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 inlet 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 399%
30 at a power of 3500 W. Without the invention, it is not
possible to treat a flow rate of 80/liters/min (slm)

with sufficient performance to offer practical value.

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 SFs. This in comparison with the invention



flowrate to use channels |nj ecting an auxiliary stream of gas (plane B-B)
“in order to have a sufficient 35 tangential inpulse so as to maintain the
helical novenent of the gas. However, it is possible to inject, through

.1 hese channel s 22, 23, a m ninal corrpressed fl ow I e the
necessary qUERA a8/ B¥EARI2006/ 008421 —~ 14 PCT/ FmooéﬁﬁéBﬁggbgé%g‘éﬁgf or

carrying out chem cal conversion reactions of perfluorinated nol ecul es.
Destruction gxpesifeans have bees eArti@d)ouiherd hlassS tiaxt U2 0 df WSF6
diluted with nitrogen, at a representative concentration of 5000 parts per
mllion by 3¢ by ). Oxygen was added as the auxiliary reactive gas
at a rate of approximately 1.5 tinmes the quantity by volune of SF6 to be

Leoated b S GOt ond0bhenahoor ar & sl hate alciaelfuet | encol SF6

as a functi e mi cr owave power (net) provided to the as
wel | as Bhe tawlt pdepsnde Vesy Bdtihdén Pheth§ nF@PC?BFrﬁﬁéanP t ¢

equal i zi ng gharhes, anghd hehg add ®tpd@r. gases after they are cooled in a
heat 15 exchanger 1—(not shown in the figure) serving to cool the gas

| eavi ng downstream fromthe dielectric tube where the discharge occurs.
The perfornange ptebbarsammsdevienalas| pehifrgslpeiwighiz0 vanedwms&sequal )

according to USP 5,96 86 vmt ve n 4 heai-ament i on
(that is to %%?W%%ecg %part avllﬁ%%f T@iﬁ? orr}}éit%gdlgaldc%\%?]}nl ear@fL ng a
t

di amet en.ocl aert thehaasef afubeninizgitie fh‘é‘é‘%ﬁ%ﬁh@mtﬁ tRE i on
withits tangg .ﬂ\ﬁi@lf% dhECLAONSY 1h$ cABatOnsiglerably inpr oved | ndeed,

according to t Invention, arate of” destruction of 90%is obtained at a
power of approximately 3000 W and a rate of destruction of 99%
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 in the case of injection without
helical injection of gases. Visualization has been
carried out with a camera through a transparent silica
20 tube with lateral incidence. This visualization 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.

Tt has also been found that the gquantity of heat
radiated by the plasma is less with the invention than
without the inventiomn.
30
Tt 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 corrosive fluorinated
compounds. As a comparison, without implementing the

invention and under the same conditions, a silica tube



30 at a power of 3500 W Wthout the invention, it is not possible to
“treat a flowrate of 80/liters/min (slm wth sufficient performance to
of fer practical value. By using a device w thout inplenenting the

.dnvention 35 and wth only 60 sImflow_rate, nore required
to destroy I¥RUY61HE%He concentratidn of 5000 %g%ﬁ?ggﬁz\ég?ﬁ?g in
conparison with the invention W2006/ 008421 - 14 - PCT/ FR2005/ 050555 (60
sl mand the sangdipdrytedd Wisr e dirss dalan e2586 oW and/cequbredloaddi ti onal
measurenents_at, 80 sl m haéle shovmcthat the 5 result depends very little on
the concent rdt3 i oft"sis * Bt WeEh-T000 and 5000 ppnv. The pressure | oss
remains perfectly within the limts prescribed for industrial use, with a

certain nargill. 10.f0r the case.al ugenteptignal dd ugnati ame wekek coul d
‘result from'sonme operating conditions. In addition e has

_ . i : ? ragi cal %han%
act ual | ySbeernfentricpn i prodrdupat i 8l UarSt (PEAFEER G6f ftHE pPaShE ARdTi t s
stabi lity wigh-didre. The phagemtiensi nghuehélsenteitdd ora t heiarieseand has
an apparent radial,6 extension_that. is. small t han. 4 C of, 4lynj ecti on
Wi thout hel 3RRFOF TR %ngﬁ?%gé’&s‘?ha\‘ﬁ st Ii%%lgt chlnne éelcsg gcenééggr rain'gd out
with a canergorprasgd a diranspacenngsi thcend® tuive ahennehferdd . i #éi dence.
Thi s visualizatlon h f i abhEi tyha t hedegenat eri ng
and the absvéj?l%% of %@%Q%go%gﬁﬁg)%ﬁ%g%% ohgﬁg wal | of the tuhe. Axial
obser vaflidonschawveeké sd bedn clrraed SR - i Ahg cePRRFectiBR Wift%h donfirm

the fixed natyf e o, ths 2RePhacBuatet beweenter sobsthetdnidy detttiean of the
tube. It has also been found t%ﬁt t he qgﬁan%{%% o%] ﬂaat radi ated by the
plasma is | 65%2Hidth §heStMmvanti oA tRERT W T S theThvent i on.
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 sim.

However, a little less stability is noted in the gas
flow.

20 At a low flow rate, it is therefore preferablé 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 of nitrogen up tco 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 sim 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 equipment is at a flow rate of 40 slm {two

etching chambers in operation).



30 1t has been possible to carry out destruction experinents under nom nal
“‘condi tions over several hours in a silica tube, without any damage bei ng
noted on the wall of the tube, in particular frosting follow ng 35

.chem cal attack on the surface by corrgsive fluori As a
conpari son, WR2HAACGaAenenting the ~ itfvention ang%hﬁ%g‘?'% %g%é*s

conditions, a silica tube W2006/008421 - 15 - PCT/ FR2005/ 050555 is

per f or at ed bé’ﬁ&iﬁ‘éﬂ £aknBkeSiceAn g@@/ @ hihd of@dtrhetsian, rave aahéwtinenut es.
For total flowrates of 50 and 60

slm the sane ocedure is
used (procesRreIFYERNLISENAEr Pnd ISP ?%%gen(fl%{vg‘g% ﬁ g vm%?lh a
di aneter appgOxi mpéel &a@al ixboffet tao+»6 the) di étewﬂﬂcb@u@@téﬁd th@dnpr essed

air enteri ng, t hrough two n BRLeEaaRpr(@ximt el y
hal f of that™of tHE'EH gﬁgnne SJIS %@'1%3 n%\é ¢ Qéé e destruction rate in

rel ationsto $he) mivbabeses pdvercorceniyRtan ap ypﬁéﬁtlEfPrlPﬁEﬁ at?30 sl m and
the pressure; +°1§§:féféufarvﬁéﬂwé&§ 106@ ahd 09066 pweuced bel ow 50 sIm a
e

stable 15 h novenent can still be maintained in this supply
configuration for a flowrate as low as 30 sIm However, a little less

stability ispneiedmib tiegasiod evad 2@11@&1 a Imglleov\stag@ ipt showrherefore
preferable tp u

th | 2
suppl enent aer%&ﬁ rlelenguxbﬁlgg% nI (r;jr }?@rcﬁ%ﬂneﬁér égu%lkgngr%ﬁéﬂe a

maintarn th hel i cal nmovenent
of the gas, pbedseuracoéa‘shﬂggaheormtm@ﬁ@llmIow of air or nitrogen up to
atotal flow 25 rate of 50 sIm for exanple. Thus, when only one etching

chanmber is in operation flow rate of approxi pat I 0 s . 30 of air
or Thepgas to bé treated is 1A¥%cte vféytge chg%he§ f%dn

into the chamber 101 where the gas pressure is
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 éurrounds 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 onto 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 equaliﬁing

chamber 205, supplied through the channel 204.

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

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

circular movement with a downward displacement coaxial



ni trogen are added through the auxi | i ary injection 30 channels when the
“exhaust fromthe process equipment is at a flowrate of 20 sl m(one). 10
slmof air or nitrogen are added through the -auxiliary injection channels

.when the exhaust fromthe 35 process e ui pnent is f 40 slm
(two et chi MPehanH2PE42h operati on).” 2006/ 008421?%/% IQ%\"IE"I/IQE?% / 050555

Figure 5 shows changes to the destruction rate and the pressure |loss as a
function of pet @ﬁ@roa\@y@ pOMErthdt HHe f;bj[aﬁetmacas;e:m:de (@@s30 =it . It

will be noted that curyes are very. si mlar f e (40+10
5 sl m what e%%?l@h’ét%?bﬁlf q\ﬁ'ﬁj?eon%i? 1i‘f’fl"ﬁlc}rl n?}{led g%s S%%?%nggﬁsl ul ar |

bet ween 10005@@&31::59@@ pEmomA diynanic |m:]reiem ontheadffierh aFesidgivcast age is
shown in f'gﬁ Flhﬁ‘V 9 @, chagher L far fﬁﬁ@' {ZbagptBeectBaprissure of
SN

the gas or ur e he gas to be'treated I's inject ed vi a the channel
100 int& t hehthawbyr (301hakeisst hbegag lplessyredusede falds2 &F i s

chamber s dg gt edrééuftgw i '}Ei“ @l 18iar O\Maeﬂ@érauﬁf@unohmthaﬂ ube 105
in which the gases be treated are inj ﬁ;lt ed . .via inj e]c::t %%}C{wough

t he body 108S\Ahﬁ5hn§ﬁﬁ?%ﬁna§wteﬁe e LBaft o R CUube

el ectrode bl gckcd04rf Rbviegahti 6g the gphasam which passes through the lid
102 of the chanmber 101 and 20 of the body of the chanber 103. The | ower
part of the tube 105 is wi dened out at 107 so as to fit aonto the

di el ectricc tThe Eooflisgowysten dyianfiest npest defekeadaket Ht Pt 2 es i s

represented 2oyl n AJUr 8ol O MMLED {hRagane ehemenlssaied hose ofa figure
6 carry the sane references ections of the s to q]e %atefj ae made
&fxi geas 77

t hrough t he ®RFPPEBSE2DE @ﬁPOFh GPp&Pep STV nj ecti ons

side) bears witness to effectiveness of the devzce and

the uniformity of the “skin temperature” of the tube) .
15

It has been possible to reduce the frequency of

preventive 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, angie of
incidence etc}.
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 wminimum operational f£low
rate of the plasma, which in all cases cannot be less
than 2 1/m.



(nitrogen, argon) are nmade through the "bottont 30 orifices 203
“comunicating with the pressure equalizing chanber 205, supplied through
-t he channel 204. The dynamic injection head is directly installed
vertically on the ceramc tube in which the plasm_j t.abl.i-shed. The
head descri JERPHEf9@%F25 6 and 7 gi ve tthe gases aPC§VF§%P§§/§§93§Ent with
a downward di spl acenent coaxi al W?2006/ 008421 - 17 - PCT/ FR2005/ 050555 to
the tube so that the plasma created does not accidentally adhere to the .
wal | and is sufficientl eparated fromit _in_or ; of f.er.,,reinf.or ced
protection d?h%hénY%%E?g%h§e§§¥h g ?%BEep%St88?e§§ﬁﬁkgétﬁﬁs%ﬁ£?%%% has -
its thernmal Voad pedsmed Mut25rébaBesy tondmsh AEBAGEPBErRCaMlGEICYAdifper at ure
that is substantial . han in the e of, a dowayandzrcCi racul ar
novenent of ?%%S%%seb%l%§g§§e$heq€%ol%n c%??? ﬁ1o??1dog§ not deteriorate in
contact 5wit@iehechoiccerubic WAIEIEhEEhe CEBSenBE of TY" Gar BEFREEUL Yeposi t
on the outerc%@ik of -t hestivbe o Qlilcrstdr) beadsitwy t nessekampléedtn veness of
t he device an t%e uniformty of the "skin tenperature” of the tube). 15
It has been PokiP¥l ESEbAPeUtRE IWE?Frequency of preventive maintenance of
t he apparatus. For effective functioning of the dynamc injection, it 20
is generally necessary to inject at a mninumgas flow rate of
approximately 2 to 60 1/ maccording to the geonetric configuration of the
head (number of injectors, dianeter of the injectors, angle of incidence
etc). 25 :



In order to remain within a permanent "vortex" regine in the region of the
“plasma, the total flow rate should be continually adjusted by adding a
conplenmentary flow of nitrogen in another neutral gas (fromO to 50 1/ m
.30 (the flowrate is cal cul ated accordl to the n f .S to be
treated, seV0en2®#etL being conrect ed'to t he EQE?E§?PQ5Z§%§$%3I) I'n
all cases, the sumof the flowrates of the primary 35 punps to be treated
and of the additional nitrogen should be greater than the mninum .
operational flow rate of the plasma,.which in all cases cannot be |ess
than 2 1/m W?2006/ 008421 - 18 - PCTﬁEﬁ?@gB/OSOSSS The invention descri bed
above is not limted to surface wave plasmas but relates to any

at mospheric i crowavg tﬁﬁﬂP g@knt@bﬂ@grtﬂn@ CAVigtiysti NgRAr td€ulgars a 5
e

di el ectric tube, whether froma resonatin cavity or |n3|q§ a
rncromavé(nmcnt@refmomﬁﬂmﬂmg|®talqﬁﬂQCﬁPm%cﬂ5ﬁ§§H%esLﬁﬁﬁl a

02006/ 008421¢ 5519 5nPCHIRR0RBLABRE55twE! ahpEmd. @mmm c@nderting a
first gas or gas 5 mxture containing at |east sone gPu | es. hawif g at

| east one boRAlBEtheEn MG atdNESEORSt 9t Ry Hta ul €s,” i nt

second gas OfogB&ifing ure assi bh;l/ororﬁcalxﬁl n@rlqdqlmté ad@fb‘re@olﬁ@“pr oduct s
derived from,this conversion, @Q%r &9114 toﬂgebgﬂadbgghgggp1gmp 10
atons of said nol CUI'Es™I'S fup ured er action of . an electric and/or
magnet i A0f i ehtoms ofi ehidamaleruies gﬁs r@Pt§§§deﬂd@Fetlh§ St Eet

characterizeg,| %lfei&% ict e B Ghe 988 €He@S HB XHlLeh | samj emitest t hr ough
the electric an magnetic field in a non- I|n ar 15 nmann r éﬁégw to

i ncrease t heJ@PsPENCES MaVEIE pys subjected, characterize

the stream of gas or gas mixture is injected through

the electric and/or magnetic field in a non-linear
15 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.

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

particular PFC, HFC or similar gases.

25 3. The method as claimed in claim 1, characterized

| in that the Ffirst gas or gas mixture comprises
molecules having a bond between a fluorine atom and
another atom, capable of producing molecular £luorine
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.



the gas nol ecules through said field and therefore to increase the
“‘ef fectiveness of the rupture of the bonds of nolecules on the gas or gas
.mxture. 20 2. The nethod as clained in claim1, characterized in that the

dirst gas or gas mxture is a mxture corrpr|S| ng ftl I us
ef fluents sUEPRERSIHO84&kticular PFC” HECor sim | F%gggggbggggg.%%%he

nmethod as clainmed in claiml, characterized in that the first gas or gas
mxture conpgises rphecHdESodays n@lalrb@ﬂdlhebwa&m a, flchalrianeea‘ti@miand

anot her atom_capabl e of produci mol ecul ar f| a hr ough
the el ectri ctanbrar Frﬁﬁné‘%o rl:g r;llC C%)%rh&gt as CP ﬁegl%lc%\l one of
claims 1 to @rea’@éharﬂmrertlzechmwnmamf tatvelaglasn@\rew'st mxture is injected
into the field with an amount of tangential noverment of the gas or gas
m xture greater than the 35 anmount of axial novenent of said r gas
i Xt Ur 6. SW02006/ 0084P1e - ROChOBCTAFRI0B8LDSE5550 5CLERES mathodoas el ai med

in claim 4, SMM&’M@@ 1hn chbat ét‘hel@é@tlnﬁ)a@f: b&ngﬂﬂi@és novememst s
very much greater than the anmoun |aI novenent . A ]? U%Gi d as
part o

claimed in cmﬂaﬁc’%f%rq tds5, 1RhEFhe erl |nat hat=37c? he gas
or gas th(_l;l;f)er(bﬁemiﬂ] Qeﬂteda/\nctdnvﬁtjrabgénh:ealbanei_cpwml% aarbohrenttlient o a

cavity befor (agecli]gg% ectf 39 éhagn %}I%R&t%gefﬂﬂtrl c and/ or

magnetic fief alne aim®6, characterized in
that théaogas or gas mxture |s Il’lj ected by neans of a plurality of

injections cenprising.a tapgsatihal c169MBENEAt c188m 6, characterized
in that the gas or gas mixture is injected by means of

a plurality of injections comprising & tangential

component.

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

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

claims, characterized in that the injections are

gituated 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 in 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 a second plane, preferably parallel to the

first.



8. The nmethod as clained in clainms 1 to 7, characterized in that the
“tangential injections are regularly distributed over the circunference. 20
:9. The nethod as clainmed in one of the preceding clainms, characterized in
dhat the injections are situated in the sanme plane, 10 . T as
claimed i n ofie2ePé{Ae8HReceding 25 clahs, char ac%é:lfi q'b%/{ﬂﬁstac{%e
injections are in different planes. 11. The nethod as clainmed in one of
the precedi ngs claing, ggharagieniized dppdhatud heot njiepteoeatshguatted 30 in
t he sane plane are regqul arl%],rdeiz(itri.but ed. 12, Thelrarl%lgod ﬁs glained in one
of claims 1 P8EERL  &Far actETSLd HR ¢ IBRS i nPBet F9RE™8f the §as to be
treated are gRfeatbeaitédsinpthne ahdsamppajrecuisococapbridsesh@tprispil ant gas

such as air, _nitrogen qr_o I i.q a +udreferabl y
R Y ot e S e P N

i nj ecti ors appapaane berpenphendari hg the aFeehed £318 &URsd 9 YOHeFlor

claims 1 to {g. ug@g&.ag;lgrggeglg,geahat this apparatus conprises at |east
one first gas Injection channel, preferably situated in 5 a pl ane
perpendicul ar to the axis of said tube of which the upper end is closed.
14. The appafatus asTakai n@sbaratthai mas3, odkdmedt erized ¢hatthat 13,

i ncludes at | geast one.second 0..gas..inj i n p er i tuated
in a plane Bg?ﬁ%ﬁgﬁfﬁizg o t%ljeatgx%g &P%ﬁﬁllg%%u%;? ?%%sﬁ'h%%fgp'p%%?%i as

cl ai med lin ogesofirdlegitnenl hanndy, phefeseblyzéed tuatasat 1Rt 3 Meldes a

dynamc 15 b@kg%#hQBumggdt%g%g?tEﬁiée¥§|§hé'§9béUC|Uding orifices for

injecting an-auxilrary gas
is5. The apparatus as claimed in one of c¢laims 13 or
i4, characterized in that it includes a dynamic

15 injection head with two levels also including orifices

for injecting an auxiliary gas (203).



