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METHOD FOR PLASMA TREATMENT OF GAS EFFLUENTS The
invention relates to technol ogies for treating

gaseous effluents released during the 5 - manufacture
of sem conductors, in particular during thin-film
deposition of materials, or during the plasm

.cleaning of the deposition reactors, and during the

pl asma eETHOD) FOR PhasMAi rrEafeENTedF XY FRELUENTS
geonetric patterns of the devices. 10 Methods for
etching and cl eaning deposition reactors can use
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The surface mave(%%asna solution is well adapted t

t'ie Tredt feht STV | Uit s°F of @R by 2reactive species

(acidic fluorinated compounds) which can then be easily
removed irreversibly by a conventional method such as
reactive adsorption on a solid alkaline medium
(dry-scrubber) or absorption by a liquid solution in a
gas scrubber {(wet-scrubber).

It is . advantageous to place the plasma
downstream of the means for maintaining the rough
vacuum in order to avoid interacting with the operation
of the process equipment or the pumps. Maximum

efficiency in the conditions of total flow and

‘pollutant concentration at the exhaust of the rough

vacuum. pumps -is obtained with high-electron-density
plasmas such as microwave plasmas.

In this respect, surface wave microwave plasmas
and microwave plasma torches have been used.
_ The surface wave plasma solution is well
adapted . to the treatment of effluents for etching



processes, that is, producing gaseous effluents which
are not capable of giving rise to the formation of
solids in the device. For tre %tlng gaseous effluents
fromreactor 5 deposition and cl eani ng processes, the
use of a mcrowave plasma torch burner wth wavegui de
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Wﬁlcﬂ %5? e they §Ee Fﬁé@ﬁ?ﬁ %néipéiepyrpose, the
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QUIrEi t he i nput _of .an additive

f aFrF&CPFéo Ledorss gpraeed M the hlgh energy

_dlscharge. electrons, . in order to produce fragments

smaller than said initial molecules, atoms and
radicals. These fragments react  together, are
deexcited, recombined .and/or rearranged to yield new
compounds different from the initial PFCs. More
precisely, the objective is to convert the majority of
the incoming PFCs to acidic fluorinated compounds such
as F;, HF, COF,;, SO,F;, S0F,, etc., which, while they are

- undeniably immediately hazardous gases for 1life and

35

-health, are also highly reactive, and can be removed

definitively and irreversibly by a conventional method
of neutralization on solid or liquid. |

In = general, the implementation of the PFC
conversion reaction requires the input of an additive

- gas. This means that if. the PFC molecules diluted in




3 nitrogen are alone in the plasm, dissociation is
effective but, once they have exited the discharge
zone, the fragnents will tend_to react together and
simply reformthe initial nol &ctl e. 5 The choice of
additive gas is inportant for the optim zation of the

PFQJ.@%%BEH“&PQ et fiods.; Fi 1 E%%gtn;tggglf.ggp%lgté&@n is

i nfl uence conversi on ef | ci
t hé ﬁ?ﬁ@hﬁﬁtsb$tod&&@@ bhehe had® diessigeicat khe ofiisbearge

adﬂbheyetgﬁés faagtasngésmqugetf{@%“ ﬁgtvlg déprogtf g%% Y and

tabl e corrosive ITor e

orS]rIg@gn eg§ B0 Re r b tgia) madisawlene PFCdi ssoci ati on

fragnents, TM@f@h@l&@&)P%dlﬁh&%éeld‘ﬁ £§1ﬁllﬁfb$§§:§r& for the
when, e i scharge zone.
' Fu%ﬁ%% nor &, 51{1h%1_92t§hrer g%ﬁ@%%&F thareBetE8E8I-on

product s et ¥ er ertthl@epenﬂbmgeon the typerdiesaéd the

adeh Ada4es 9as - efTﬂéLJr%g} expl oited to preferably
forma particul ar tion product rat her than

 anot her, 2@ dep8flli ng tdie t hérposent s eatmmentucsal ut bgn  the

10

15

- 20

25

30

35

SQilQIEICﬁd.EItQOI’ﬂeLf)f ntheévehyiandel rgra%veirr?' Pkéﬁ rcﬁ%%\ﬁ%r%@ qnay

?jﬁroy ve fluorinated products rom-t
Fent “BPr eaiFORPYFSY poif t r éaFRERE sﬁmbbﬁh rTaigDIbf@Slve
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Ile to adapt “opt1Halqy ttloorth LIAPTRLS- SI%)(EL% Leonkhe PFCs

ehé@@ntf@%dtbﬁoﬁgmet hfeo clreéntel echdror theamgalL, 16fvés the

hassbrgh gegbggd to operate with a gas scrubber, it
is out o? the -question to use oxygen as an addi tive

‘gas. - Thi sFWFERerRoract the esseasiuel flyielidatedctricarnt ion
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This post-treatment solution may be imposed for
cost reasons, .or other reasons specific to a dgiven
-user. It is therefore important to be able to adapt
~optimally to the various situations encountered among
the clientele. For example, if it has been decided to
operate with a gas scrubber, it is out of the question
Lo use oxygen as an additive gas. This will in fact

- essentially yield reaction products such as compounds

like COF; (with fluorocarbons) or S02F; and SOF; (with

SFg) and, in any case, significant dquantities of ¥,;, of

- which the reaction with water or an agueous caustic

'soda solution. can generate OF,, an exceptionally toxic
gas (legal limit of continuous exposure of workers 50
parts per billion by volume) of which no user will
generally tolerate the presence of traces in his

premises.



premses. 4 Until now, oxygen 02 has been used as
additive gas, generally injected in the formof dry

air taken fromthe conpressed air distribution

network of the seniconductor %plant. 5 This sol ution
corresponds to a technol ogical choice, with a

post - treat npnt; ;sql yfion of the corrosive fluorinated
products by reactlvé UGBt i P} i gSePeds additive
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Irdicﬁ&ft_ﬁv@Hy tsr@@pla@g hesgr Ly bef or e
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a further Obj &gt W@ tB%lIPW?/ﬁénPbaﬁCto Oﬁ nmphevanvemtion to
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The invention firs
trlélaﬁtﬁé%no‘n@fvegmheﬁ:hlcugﬂtmma& substantially 30

at mospher ifg,Pr §SSYI &, %ﬁ%ﬂasalrf%?%sl 0 ec%ﬂn%g e of ere

'effl ent to be treated into a

i FifddieRG Swat 2f vapbemopseg eatrhend/@rrmadawnst ream aF  as

thermloaiﬁr-&, antuopthgnal! v ko d e 35 plasmp itself.,)
or

ssure of the effluents exarrpl e en
0% gvgg agha8ue P95y r0f a solld bed of granules based on

soda lime, or of a: gas scrubber, as means for
irreversibly - trapping these by-producfs, before
releasing the effluent stream to the atmosphere. |

It is a further object of the invention to
improve the conversion yield by the implementation of
this alternative chemistry.

SUMMARY OF THE INVENTION

The invention first relates to a method for
plasma.treatment of gaseous effluents at substantlally
atmospherlc pressure, comprising
- - injecting the effluent to be treated into a
plasma source,
- = injecting water vapor upstream and/or
downstream of the plasma, and optionally into the
plasma itself.

The pressure of the effluents is for example
between 0.8 bar and 1.3 bar.
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5- The water vapor may be injected in a concentration
of between 100 ppmand 5% in a carrier gas which is
generally nitrogen. Its tenperature nay be between 20C
and 300C, 5 preferably betweemr 50 and 200C. The
effluents to be treated may be effluents from
sem conduclthog tregt ment_processes, for exanple a )
mi xture of  perf 'BoFf nat@PUnd/ BRYhydiof | ¢89664~Hon in &
gasEcegrgradxygenof 10eTheepl d9ita mour aadi Sspreaf erallarrier
of gdhe s ace ge\g@\f%ltlry{gﬁitggr Enparticularly a

pl as

mCcr owave- exci t’e source. The invention al so
rel ates -t dt® desARaratorre pragnbet bestwrent 28°Cgasebus00°C,

efdfddmirtahiat pewhetanspakbhy 23bhec at mospheric pressure,
conpri Si nerating neans and neans for
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Agééedi rgdt oxgaenenbodi nent, the neans for injecting
wat er vapenr.Cenpkise Or:i Z ' t r re

regul ating ﬁegns. Thés?jiu\r%%ntll%ﬁg%égév&b]ﬁgnglg)ﬁp]a'leneﬁtu,rface
i Ho%R tYBSat RBEBhERIFELIpRASHAY & PECrweaveomseisednplasma
chears&ry Wwhich generates, practically only HF as

fluorinated by-product. ter vapor is added to the
pl asma otﬁé‘? %h‘ger?ﬁ}ﬁﬂ"er' a?ftgg vapbRtPP esker @ adeaisicenfox

tehpemat treatienor difngdseanotderflspect aof shBstantially

[ i . . 30: ast aone _chem cal conpound. of ,
: vﬁﬁé‘%rﬁ%%| egﬁ%léS{“g%ht-aicr?é“pétlsﬁél&st TR, dr g§BRTating

MOMS 2 eerrs Loreirjabtinatwaber phason tutbed ALxzing
alordde earliest, in the plasma but close to the
outlet of the plasma effluents, in order to

" -essenti al e Jerrdrat EOB5iRYEFELROoLhe agitdwhiaget ey be

QlssaideapsirtAR V@t EEhEOIp] AdYa M @UGELRI ok bt or be
s?\éft%ﬁ, Wi t hout the g%%ssslt%{?)él use of a "dry"

FHATH PSSR 8T sy @ Lasian f@rartden gone.

e According to one embodiment, the means for
‘injecting water . vapor comprise a vaporizer with
temperature regulating means.

The invention serves to implement,: in an
atmospheric plasma, a .PFC wet conversion chemistry
which generates practically only HF as fluorinated
by-product. Water vapor is added to the plasma other
than under its vapor pressure at ambient temperature.

According to another aspect of the invention,

~at least one chemical compound of which the molecule

~contains at least one hydrogen atom is injected

preferably at the plasma outlet or, at the earliest, in
the plasma but close to the outlet of the plasma
effluents, in order to essentially generate
hydrofluoric acid which then dissolves in the water (or

any reducing liquid system), without the necessary use

of a “dry” scrubbing system to remove the hydrofluoric

acid (in spite of this, the user will sometimes prefer
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acid (in spite of this, the user will sonetines prefer
6 to use this "dry" systemin addition, as a

precautionary neasure). According to another aspect of
the invention, when products®ésuch as W6 are present
in t he reactor, 5 it has been found that the passage

h| S.gas to the, plasma acconpanied by a partially
reaum ngsqeor E‘S}ar oge‘?fg’fed EVENERt . FRsulalitiome as’ a
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paitt | g4k abedn fForaid Natpd dHRt %adé%‘%—{ devald u§, dlssﬁﬁ ajlsrht\gFache

bl e of generati n a nmetal” deposit,
9 s ﬁ%&&ﬂ@é‘&l? a®el ectr Pértt&l@élw t redugingen or
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ré’déltcsstaslnsﬁ@mltéy -possible with the first species
created inpt he-plasgs, Lased of g)oggit ure contaal gl NG, .

20. PFCs, _and t her eby ‘generat es se spec
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hat t PFC or HFC nol ecul es ave a
il Sucqtﬁt 5 Eﬁﬁ &1 Jensyating @ ererabl 9epﬁsme and

25heunehecalllaeniat e plraatmeaosh al gebacgerienehpe\Wer s

as WF6 _i.s res in the reactor
-a?P§§§2§f%°€% i et "dPthed Ia]s‘?PaStttﬂrse Syrregepgted
. pREvBAntt mosvrmtmgt 41 orohee colvpesi Ngpire feliablpl apide  at

Ghné heueaRlr e rddie f%}é Stn ?F:?ﬂh}% ]ﬁ)zgil:?(g%%@%? %lement

will then react up ont e ou

' tﬁ%a?E%IucEtsng S§f5’é’0| as |ﬁ?§‘ét]’ebleddwi§1 ré‘dm ddusitngspheies

mﬂx%ﬁédomnothbuﬁgébﬁﬁ MleOrorPt i8S ﬁ?kfgréuﬁgﬁEggnlng

gﬂﬁpounds s OX|des or oxyfluori des,
1T ey, ggﬁ raI Ié‘ | GEBEBALEE t hesqaanshm esbecies.

tﬁ@r@gna%lvealtw ngthﬁle prl@jﬁdiﬁcﬂ@;é@étécﬂte PRI/ ONr8fiucing

_iéE%ﬁEﬁﬁ”%%ufHSES injected into the plasma itself, in a

place such that the PFC or HFC molecules have already
been “split” or partially “split”, preferably in the
zone called the plasma post-discharge zone).

When an element such as WFg is present in the
reactor offgases, at the dinlet of the plasma, this
serves to. prevent this product from decomposing in the
plasma. On the contrary, the first species issuing from
Wks will then react upon the outlet of the plasma with
the reducing species injected downstream, causing the
deposition of tungsten metal or other solid tungsten
compounds such as oxides or oxyfluorides, on the lines,
generally metal, located at the plasma exit, thereby
raising. no. problem for the operation of the plasma
system.

As a source, particularly gaseous, of the

- hydrogenated and/or. reducing reagent, use can be made




As a source, particularly gaseous, of the

hydr ogenat ed and/ or reduci ng reagent, use can be nade
7 of H2O, H2, CH4, NH3, al cohols such as nethanol,

et hanol, etc., glycols, hydrocdarbons, _hydrides, or any
ot her hydrogenated conmpounds. It has in fact been

t d speci.es_ thus created
28#% tr%g)t’( uthSe?ﬁ@‘Qr od@ﬁa?e&lcﬁaail?i vEsFhpuel meghanol,
hy &téRnedr.i cetaci d d¥yddian vhedrodisitithAnhygiPllSes, or any
addithicte $yy R h%%%ﬁrh¥m$guége oxygen type.
en 6 (or s

Furt her nore, AT 1 ar product) is
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I | o ownst r eam of ] _
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antRRGPIMLKi phesenchim deposifluabyd ous| e VEryat &i Nis&®ing

I a it h been found
e S e P ey BOEG the
exXtTIRT Wef I dbmRE rieam off - e 20avTes ptemsmren £ viiidiqetasma) of
addichgp game tddg ﬁr@dﬁﬂ%_sgaééﬁé@a@%é | Uaentd%gpfoléqsct (8¥Mu (or
t sdoluction obtained is not fully satisfactory.: |

fg%to, YHE deSEFLEEf on I8P ci®hcy {NobtiEided liineshi slocated

c aloavrisy: Hegwer ofharhe!\h@tla\emw,g p@e@ggﬂ@ii@d,sgﬁ%' M a11y
' ' I, by int uci n 1t .
L eRas BEG ghss%li%lessye%g%%gi tCirvegb%‘;l(For angk afipFe which

quantity o rogenat

. witieh apdgposibst refani @isthevetasthinThe si RISy not

. o e . PRCY
bal dewerkhat a ' significant proportion of the
initially introduced into the plasm !s.probably
reconstit HPE¥GVBEr oié DR6EI besd devorpddiati drf fmateRtimted

caompeantiswate WRechydrogenated ex“cﬁﬁﬁ%‘l@%‘ig icf%'ifn%@j':%%g} of
downstream The PECs thus reconstituted can no"l"ong
b Gi s%g%?’&?ed Wi e PEAENY| eabVEBintie tondhem@seous

t4Ef phesta 'us_spv:eiﬁnt the{,?ﬁ“i?[?u"f gﬁg‘%ﬂggﬁ hfg B gisidLy
P%§€}§$%?€§g %?gﬁn %%é%, the “destruction efficiency
obtained in this case is lower than what would be
.obtained, all other things being equal, by introducing
the same quantity of hydrogenated additive gas, for
example water vapor, upstream of the plasma.

_ The inventors believe that a significant
proportion of the PFCs initially introduced into the
plasma is  probably reconstituted before  their
decomposition fragments can reactlwith the hydrogenated
compounds . introduced downstream. The PFCs thus
reconstituted can no longer be dissociated again before
leaving. the zone where the plasma is present.

In order to solve the two problems mentioned
above simultaneously, according to a preferential
embodiment, the invention consists in injecting,
upstream of the plasma or at the latest therein,
preferably gaseous. . oxygenated compounds not comprising
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enbodi nent, the invention consists in injecting,
upstream of the plasma or at the |atest therein,

pref erably gaseous oxygenat ed conmpounds not conpri sing

8 atonms of hydrogen or otherg8eltenents liable to react
with netal elenments such as Al, W etc. (if they are
present in the plasm), while injecting hydrogenated
coMpoRdSE dovpseIwancst elthenl asamentat didider kburesact
5 withi fistagas1spReias Grmerat ef by i hegheni gal they are
conversion.in the plasma, where the tenperature o the

FiRRTOYNs dpectRS PIESFTAY - f rEH ke 1B kAR dredragenated

L ST pmlrlrdsgg edoﬁhﬁﬂr%ﬁm eqéaltheo %l&&ﬁaa ,? 0i b3t thBes @ xture
ydr og ounds .react with t irst species. .
1'0& V\?tﬁﬁ%gt %I%gﬁi nu“"gD 6 e BBURE By hnyPBar FF‘@UI fﬁlemlcal
t FEYREr 31 | hvebhor sladshi evehehat thhenecapeanhydeouws, the
paritdsqul gakY . spHEen . addi-t [ ve,. for le . o e

orléin, ?s iﬁ ectg% 3%%?%%@%1g%b¥héj%?agﬁégﬂga%gé@%%g%ly
adGENE vl §haso@ratedrahdter IBECr edsanthats these

f hggirenfehatddd coggolinder Yegasi Lyt thet Ber i s§9ckaLi on

fragrrentswoft t he PECs .and/or £|F to yield corrosive
f1uori nat éd g8H%oW P ht AsPE2 PoraEd bysoary, paegtscular

- (theorli r sthespituvesjordhbseicoapauads wdh Vehy asihdkir®us,

ohakiecy B! CTRAALS ST obdE 08, | BT MELPINS o

pt asma 20 an 0

p®Ssi BiFit ylaf imbeetedeiupptticssocictt edhggapiasha, said

PaAdE e ar ,wi ey par g0l oc S4 G0 f iGantly é?&?@&&rgﬁg{ ts‘its

PECs. These anhydrous corrosive uorinated products’
| FRRIpoNteod llsgepst gepry sawllyl gnith chihel gisspeiation

h enat ed conpounds are, injected, the tenperature .
LPUGORIALES  SORBRINGS \25Rh RO FenendFro Sedor AoKs GEhe
| Ebssttoapeeieby. wrhhseheonbydndgeratcedreaddi it MEEe t ¢ the

B R S A

an the an
fansbr | prgedfesmpdundberen ishe idttHer feswtibihiety REfstheir
W § ha¥8oRoLrBgen Lonver ¢gd ; s ,11_ ..o
re_alg{a,J i gni ?i cantly v%%?gl t hgge ét%yyrﬁ%glel%al?eg@hé\%diaﬁeveé“
&t Wjednly exiaconmarted hee PFEEepverBheope anhydrous

--corrosive fluorinated products like Fo, COFz, S05F:, S0F,
- are significantly more reactive than PFCs. At the

plasma outlet, when the hydrogenated compounds are

. injected,  the temperature is still sufficiently high

for them to. react more or less completely with the
hydrogenated additives to essentially yield HF which is
thermodynamically much more stable than the anhydrous

~corrosive fluorinated compounds. On the other hand, the

PFCs which. have not been converted by the plasma will
not  react significantly with these hydrogenated
additives .at the plasma exit. Thus, the PFC conversion

. yield is substantially the same as that of the

pollution control process using as an additive only the
nonhydrogenated compound or compounds, particularly

oxygenated, injected upstream of the plasma.
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yield is substantially the sane as that of the 35

pol lution control process using as an additive only
the nonhydrogenated conpound or conpounds,
particularly oxygenated, inj%®cted upstream of the
plasma. - 9 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gur es
1A and | B show. two alternatives of a device according
to the inventPRHEE PESGRIRFION, OFZFHE DRAWINEScture of
a furnace, - Figures 3-9 show the neasurenent results

during the ixnp] enentation, of a method according to the
i nvention i#ﬂ%ﬁﬁ%ﬁx& (ﬁﬂﬁti§wﬁbo¢i5ﬁ?ea beEhRdhévan of a

‘exdalcEr pomthodingerto the aweedtbgnany br eakage of the

dielectric t 1) . RY OF PARTI CULAR
EMBODI MENTS E%%%erfg%p?gﬁ@eﬁ%%e‘ﬁ?t%et% T VeI S
is now ‘15 dds¥Eesed3-in. sbonj utbei omewistireRiegur exebAlts
apthriBg M BnsRHGR QAo Nstablledy a%c!:ﬁfdf#gl €L the
of. _an_i.nstallatigon for the deposition of thin YErs

o PVERE PP APnEAE 18P SsERf e bR R or material s, for

egggpl e beRigdra pumlp usedd ? 4n an§ﬁ@1§1§>159§t Q@tﬁlﬁglﬁﬁ_rﬂent
e Jant S, y kn_nitrogen, at suhstantially
SEvbdBIhg: aAD BRRELALLYol il LS S a0, b b
and 1.3 bar or 1.5 bar. These effluents contain

per f 1 uorped £6en CERRERE E)(fls d%ﬁu%?ﬁ ﬁ@&%%n&-sm F8,

and/or NF3 and/or CF4 a € plasma
source used is of the surface wave type, as descri bed

in M Mimgne286p Zar fakiBsskint Nor M 6& owsﬁggﬁtfg now
J Pel | chap. 5,

Pl. asma gds M ©Mdisan and J. Pelletier
HEETT e A SORHIRC D WIS drighe % e astcbd B-he
pl.asma t ubiecH, a- 3Ovioaptasihg ansyN édngt thbecbe 88d of

. tube 8 The pl initiated b
o PeRtadieEien I Mg, SeoB el as: bhin: ders or

-ttt egeatpengxafpl semicSduationt umetetial BFC fand example

HdHGEEMN §§mﬁoﬁ%%ﬁe@oiQ&%n%p&?@dﬂgéz NE, Jids effluents,

generally in nitrogen, at substantially atmospheric

. pressure, of between 0.7 bar or 0.8 bar and 1.3 bar or

1.5 . bar. These effluents contain perfluorinated

- compounds -such as Cy;F¢, and/or c-C,Fgs, and/or NF3; and/or

CF,; and/or SFg.

The plasma source used is of the surface wave

type, -as described in M. Moisan and Z. Zakrzewski in

Microwave Excited Plasmas, eds, M. Moisan and J.
Pelletier, chap. 5, Elsevier, Amsterdam, 193%2.
Reference 2 denotes the plasma tube 4,

-comprising an AlN inner tube 6 and a guartz outer

tube 8.
The plasma may be initiated by a high voltage
initiator 10.

A gas mixture to be treated, for example a
mixture of a PFC and nitrogen, is conveyed into a
mixing zone 12.

Water in gaseous form is  injected using

vaporizer means 14. These means 14 comprise for example
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15,

Water in gaseous formis injected using vaporizer
means 14. These neans 14 conprise for exanple - 10 a
net ering punp 16, which supplles liquid water to an
el ectrothermal vaporization f4rnace 18. The wat er
vapor is injected mnth a flowrate providing a water

e ReLORSER' B A s MIRAIS o Linm EPBhedanoreE to an

n@&%@?@ﬂ@ﬁﬂ@ﬁmv&pﬁ@mﬁ:@a Watrescevapor condensati on
t hreshol d e afyhi ept vtag,rggerg u_rLg égei%wﬁt&o cog\iow rate

the water in controlle quantlty
StRAY1Hd1%ni Zed"AbLEr FaRObe F@pﬁ@ﬂt@mtlbnomoaf between
rasnrwgm26am@ C@%trﬂh|QQKQU%%%bBﬁsbyekbﬁugﬁ£§r'nﬂh s the

enpl ary enbodinent of a furnace is s
Ialldg];;‘lﬁcrléms éon% FAT RSP ALY arRIRENORTS XB00ting ater

t Weeorl5 coadenisdgéoheatRredRola o€ kmmrﬂ?kq{ez%?eraacure
cqi-l 334, and a liquid water inlet channel 30. The

vvater l'ows in a coil 22 (Figure 1A), conprised in a

st ai nl ess Tét esinvisady 2 etheélopilmgcbhteromaeﬁr dgetity to
heakegast @ta%evala%& 0 e ar
heate? ?e connelgflggee “Eltg& Ic}én %tgu;ﬂé ijgﬁt Ptg{fll %%om a
25CS7REe) a? erl?eg‘a?%*%lé%l%% %r&lﬁwnﬁm attlyee metering
| pampny6t he systemusing a thernocouple 28 so that it
is about 200C.to 300C, i rder to _prepare the

“mixture. 25 TREWPIAZY f oY | Af eét SWERAGE vAposhown

20n Fegtirai @ed Thors efkanpiee i haBi br FIREWOND em@@e\d) asype

;aca£@¥{$§% Héﬁté?r %Pe eff d négl asﬁgﬁé 5§era c01l 34,

such I n. the doncen I on

- r%’é%n%e%’sﬁﬁﬂ@nwa*é%mnmlebcdmnm o¥®. the gas reaches
- the di schetge waiQ i @ltows-rhtgﬂ h%gt‘bcg qrpejze\t u(r gl%]‘r th_e[A
e de

carrier s.,also inhibits osition of
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resntlti dgeomeaiee hy I s iviagfr A -Jdudgneateoh) ng
products jiy § N2RLGESE 92, E0aMDel; Buch as SiFs, o
\ES. y connected to a
temperature controller 24. The latter regulates the
water temperature leaving the system using a
.thermocouple 28 so that it is about 200°C to 300°C, in
order to prepare the mixture.

- The final furnace 18 injects water vapor 20,
entrained for example in nitrogen, often used as a
carrier gas for  the effluents, at a temperature such
.that,  in the concentration considered, recondensation
cannot :occur before the gas reaches the discharge
limit.

The high temperature of the carrier gas also

‘inhibits the .deposition. of solids (for example silica

or. tungsten oxide) which could result from the
hydrolysis of thin-film etching products in the process
chamber, such as SiF, or WFs.

Such a deposition could cause the obstruction
of the plasma inlet.




Such a deposition could cause the obstruction of the
plasma inlet. - 11 The quantity of hydrogen provided
by this method serves to gu {ﬁntee a good conversion
efficiency; it preferably cortesponds at |east to the
reaction stoichionetry (|. . enough hydrogen elenent
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H@@m@@Qaﬁans arygsyHence this gives one or nore
t housands of X )for exanpl e 2000 ppnv, to one or

“nore percBRFE l81‘36r iplaBasiisy 6%, RIC wemeéttedpanay n be

theonnerQGEraﬂ t?n@ﬂ%ﬂﬁ%?éﬁfféﬁ aﬁfékHﬁﬁhgsfégckgr, to
{ 'S Wou
| E%g%gagﬁhSE ﬁgFF@a PEséupgDaﬁﬁacéﬁﬁléﬁﬁlng cleaning,
téﬂpe@atm@rom tommmcsat e trkd 00 \Ifa?orzo Fg:%ssgfo% slm,
L@@Ig ot § water. that wou
S P el o en et T SRTTH ISR T v bpe3gough
rﬂﬁﬁ%ﬁ%o@?@Pdrgﬁg @KamPQaudﬂhﬁrﬁ@umﬂahnof CFy, at least

100 scem of H,0 is provided to form HF exclusively. The
reaction kinetics must. also be taken into account,
giving rise to at least 200 scem of H;0. For 500 sccm
of CyFe, at least 1500 scem of H20 are necessary. Hence

- this gives one or more thousands of ppnv, for example

- 2000 ppmv, to one or more percent, for example 3% or

- 5%, .of water vapor in the nitrogen or in the mixture of

effluents.

It should be observed that this would be
impossible to obtain an atmospheric pressure and
ambient temperature, due to the saturation vapor
pressure under these conditions. The water that would
be likely to recondense in the system in the form of
macroscopic drops or liquid film would not
significantly contribute to the conversion reactions.

Moxreover, the presence of liguid water at this level

- may be incompatible with satisfactory operation of the




significantly contribute to the conversion reactions.
Mor eover, the. presence of liquid water at this |evel
maybe |nconpat|ble with satisfactory operation of the
12" discharge, in particul af because the water will

absorb the rricrovvaves On the contrary, the invention
The injection of

se acks.
a0 %, P I e e dAglL absorb
30@@9 pr-éefreramey - betmeen 50 and 200C serves t?fcrsate
ar.ryin out an effective

cogxer5|on of the PFCs tenperatur

REF plEER e Tﬁ§Urbmy@¢@p@n odr t sahepr otysdss, at a

SMhtehpematdr¥ISfdbéﬁhbgn 30 gﬁ@°§bbscas féfé?%gf? between

e corresponds t0 the con
peruedRtt ROUEY | Rer iex i & et h%a"r#ﬁfa%ﬁmé}fftgeﬁitlons

f ofoBxaapkeing &uPFﬁh edbferbi€h thevdtomd ale PRY pﬁCs
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abgé%%gpawreloo S d e P T S s e mssthent  the

the 1 [ ow of vapori z

C1hdrolyukt mef neretaimeowaderts n waiscH afo0is yield solid

e et d Nto the mixing zone,
Ig%:d;%d n atyt h@%l{iﬁ%\ﬁhl ch is at a tenperature of

“about 2500K'% o M730E@ KZOPRi sceriabpands any rils& ofontact

r éedncensatheninasild \t‘ﬁlfdtu%% U&%ﬁg’tcgég %t Eggg?t%ﬁuent
ro
L?%%égs ge#L?QP?eZ hkﬁg ﬁﬂ?sgg%Qlnéh?oﬁéoﬂrﬁﬁVQt@ﬁy be
Wﬁ@@@t.@&|QQ|LﬂOIﬂ/pnmvmeUOMOaw@&a@élEolQﬂmﬂﬂ“‘%lth the
t ess. i npl enént ed
f ene o%nng%9§§ea %QE%EIZ?a:ggﬁ g@e abgyt, Lol dpin.

usi ng a urnace as €X

- vapor is ﬁP%éEeﬁmphethéhﬁnwatak 1af@beeﬁbrmIKBU@@tralned

20

pb§f ehablny tdlognl eflo %&llgf‘:?lfﬁti 2819<§S| g hgd Near the

in._aorder to avoid, Int case
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Before reaching this mixing zone, the water,
-which is initially provided to the unit in liguid form,
undergoes a vaporization process implemented using a
furnace as explained above.

The 'water vapor is mixed with the initial
effluent mixture preferably at a level as close as
possible to the plasma, in order to avoid, in the case
of = the treatment of. real process effluents, the
premature  interaction of <certain products of the
process with the water vapor.

According to a first embodiment (Figure 1A),
the outlet of the vaporizer 14 is located very close to
the plasma 4. '

In consequence, upstream of the plasma, the
water is injected vertically and perpendicular to the
arrlval .of  the mixture to be treated, which is

PCF~n1trogen here,




35 I n consequence, upstreamof the plasma, the water
is injected vertically and perpendicular to the
arrival of the .nmixture to be treated, which is
PCF-nitrogen here. 13 Another3 procedure (Figure 1B)
iIs to inject the water vapor this time downstream of

th Iasrm has cl os OSS|bIetotheI|mt
thgrgof I n%ﬁ gur epfgcegﬁ ﬁégflﬁ?négé 18 Hex bebpct sthe

shy@erbyepor, i $his fraoke aimmmaelaelddry tHd ghesma and as

el S516 6, rlbed ove in
Coﬁjﬂﬁ%%t ?%npa/%gﬁbgﬁet%on (T;Slulra it on S i‘gure 1A At

the outl et 1Bf Kzt 48F dinhatye zBnepaby 18 has been

deéhﬁwh;onbuthei@ ay e GQlCE%%&edaEéthéhﬁéd ?95 2 ihe
t hi s does not h
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neu éfuecﬁgs \gﬁé'allz din &% na® stdas e ifasdn artmvern in
trmmjumqmmamm e rdghn fSilatret 1bhe 1@t mspher hg

‘m crowave @I@ﬁgH?Hg gnﬁie %gﬁ:%r&;lr mtherno%;(/enazngnce' by

equi li brium and
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t Heind=adingla 1c 0Bheag |05iatéhg ?@feq?%g i &ghafﬁ%¥§¥)wave
0, ance befo
a%%%f-‘é a%lcg%%%rfyr i heF P ditisgEprdnenir apvEitidrium

bé@@nﬁheveempprababbeoﬂWﬁﬁ@V?ssﬁggﬁif%ﬁgggihtH@re (as
0_ex

eB"%bgﬁéeat toeé:ﬂéﬁ%gorés?f ve® %I%%‘i’é??% ki O ﬁé@lﬁﬁ%yp?é}?oa to
rBPQ F{noﬂhéher egotkah Rkhetics in the near

post dlSCbééQ%o ihe b@h%?éiﬁg BEP Béﬁo%aﬁgtﬁgpg% gdases

di schar
aI §‘8a eP @rﬁﬁt%hgéw tih@metezs o6 EHRewbllhsgeodue to the

e o@fs t e
efédmakncwntiactmohmﬁ %ﬁ%tg% n%%hﬁ%%éﬁggmns f LHP along

f$U| g% tltnl n(gfso{#é%%l gjﬁfg-f?é? tahe déﬂ/ﬁ%{f@@éh@@n@fofthﬁe PFC
fromy the.doynst ream

Moreover, metastable high energy states may
also  exist for certain species, of which the

progressive deexcitation may also play a role in the

. reaction kinetics in the near post-discharge.

The injection of water vapor in this near
post-discharge, as in Figure 1B, can therefore aiso
:serve to convert the PFCs to HF with good efficiency.

In the case of the surface wave tube, the water
vapor is injected from the downstream fluid fitting,

hence after the downstream end of the ceramic discharge

- tube 6 and consequently a few cm from the downstream

limit of the discharge.

Downstream of the plasma, the injection
therefore takes,place'horizontally and perpendicular to
the gas leaving the plasma.
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limt of the discharge. 35 Downstream of the plasns,

the injection therefore takes place horizontally and
perpendi cular to the gas leaving the plasna. 14 To
denonstrate the formati on of I4F-and the inproved PFC
conversion yield by the inplenentation of a nethod
according to the invention, tests can be conducted

Wi th, resp&etigemngnstpted olthewi AgrPECEon SREE 5 HAndaBB4. the
Thegsprotrada pran p r u

CF4, par t he rms%?rng:é:‘%glwgﬁl ltegad r%ﬂyé:oJfﬁE%Jhé(m%E%[tlon of
faf IS TRSDerdThHIHMNS e§Ps Wt e Jff}‘feé}tlmff ortﬁfé(ﬁsvvl can  be

OZcohdudEedr@MtﬁFOﬂeéﬂ&tﬁxﬂdyyMr@h@1&bqq%wwa§ Fe
d£§ % wher e was carrier Igas and 02 the
additive gas TowHg tﬁ‘@nPSFrré‘ﬂOéﬁ’ﬁl eIt eparthUlarlY

cof¢bslVe, fraotheatmedthydipifddudits subdegueay! v the PFC

treghed, by reactive adsorption on a solid bed (for

exanple a _comercial systemfrom CS C ean Systens).
15: - The PRETidwtent r 2656 mgre f &iirotanpeefovmeg with

fram w@oa@@mroyo Bf0s ntﬁlet qtoqllom\g rrﬁ‘iz@tﬁ gggt used:

5 The quan gen I s genera
(lv h| Nhér €harth eH%t B¢ wlaﬁe @F@affélﬁévéaa‘iﬂ 6Bti| Pl the

‘ Z@Cbibsitlmﬁctgam Fldtceriand hd riaget diomrasSeitadi® corrosive

syt ant s being the jorit

colgr%ﬁfg%lelnt tl_‘le(r%iut héh}%’eéﬁ%%u\é% eous’ " T;L ﬁ%eaft&d by
s&Pey) iveasaAsornt éonsyen ermt iscdlildy deHut eﬂorn exdngp e a
stbaddef aNi LLagen rPehors &TSanggégeﬁgﬁgrOUQh vacuum

punp. 25 Thesé three gases are m X usl a gas
di stribut T8 pRiifel cOBREAtARARGOR ITayy t Sognsexemple, vary

hﬁﬁbgenla@w aipgh stablie mixt Wecokhiregches Lhe PLASIR oyt
V\E ng de source 4 via an insulating alumna fitting,
4% ne of. the elenents of the fluid connections

30 of theTdeschamgd tyubet bryybe alst ejaaddan ehenbcalimes
PLRGESS SRRyt Opkhe hvesLon sl XLure 5 oy
(@@SQF@ﬁyng rate and nitrogen is present in sufficient
-quantity, always being the majority component in the
real gaseous effluents which, for safety reasons, are
systematically diluted .in a  large stream of nitrogen
before they leave the rough vacuum pump.

-These three gases are mixed using a gas

- distribution .panel containing a loop to ensure a

homogeneous and stable mixture. It reaches the plasma

‘surfaguide source 4 via an insulating alumina fitting,

- which is one of the elements of the fluid connections

of the discharge tube.

In the alternative chemical process according
to the invention, this mixture is modified by adding
H,0.in the gas phase instead of (or with) O,.

The gas does not enter the same mixing process:

- PFC, nitrogen and oxygen, but rather PFC + nitrogen for

one part, the. water vapor being introduced for the
other 'part _independently at another location, as

observed above in conjunction with Figures 1A and 1B.
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The gas does not enter the sanme m xi ng process: 35 .
PFC, nitrogen and. oxygen, but rather PFC + nitrogen

for one part, the water vapor being introduced for

the other part independentlysat another |ocation, as
observed above in conjunction with Figures 1A and 1B.

15 It is possible to observe and conpare the
formationIéf HE apdsbybpeoduct shppeducedry tdempare the
dest ti,en t P C

y?%lrgnlé%l:oﬁ tQ{af tv\r}/gE co%il gurgt?%%gu%%e ﬁgﬁéé%gé%ove
upEEtaNmtaRE of ddRnEECsaneel mhsopl §m§20n‘{7@$‘t390nT07161d

defpRskr & kﬁ%fﬁ@h&&&h%&SOEXHEaQHgdtE%ovb”pEB%%Qeam and
ngipver% on_vyi ? gh {L e inplementation of the

KBG a&e8r 8 n§ " EoPt A& R nvent i on, destructlve tests
were carried out wwth SF6 (1000 ppm and 5000 ppn) and
CF4 (50004ppp), The experinmental conditions were as
fol | ows: —%‘Tgm*owave generator: power between 4 and 6
kw 15 atTa fdemprsicselof 25 Gematiphundfiurdmi tariddethe
t%ﬁrob@ﬂghan%?ers.%ég 'if/‘ﬂeld' '?ﬁ) %ed'fr%iﬁ @%tlcﬁlngf the

outs 3 di anet er - Tota
drotie %%ﬂﬁ% tOPth%oeethéPHSFeﬂwwtﬂLﬁso@eWS

fwer&Fédar20elin cardesi 1o Sﬁ@ntldwbt%ﬁmbﬁn@TQﬂﬂﬁiSPpm and
p(?l_gd@%% by the. destruction of PFCs by m crowave
ptasma, 9

8dri er transforminfrared spect roscopy
(FTI'R) arile stxspe miaseroed ¥ | @thditti cafs e\rerter eal MRIlldns:

the plasma,y T Cctrone "Ther
Ni col et Avat ar 631%0‘?%1 gé:néﬁéoore ég? ﬂt oW n"‘ée%rbn%o?ﬁl%ng kW
atos | Tyeganeyl of 10 4mGHz. ZnSe wi ndows. - Sanpl i ng

condI tions:aRimsANe R ¢ rRHES SUiise AN o ?{tﬂ' el = 350 mm,
rgp({?zt ure. 30 Fl ow sanpl ed for analy 3 1/mn
Y tStenkal SoRElt PYRE1BEI AdaBetPRedy —th?e mm.

resul ts of T I eroudigutdas i ects@m ypst r eam of
the plasma Pare4%r0%s%{1tf%f srﬂ rst th tESOdes%r uct| on
- 6

of
. In order to identify the by-products produced

by the destruction of PFCs by microwave plasma, a
Fourier transform infrared spectroscopy (FTIR) analysis
was carried out after treatment by the plasma, using an
FTIR spectrometer (“Thermo Nicolet Avatar 360”), in the
following conditions:

- Cell length 1 = 10 cm.

- ZnSe windows.

- — Sampling conditions: atmospheric pressure and
ambient temperature.
"~ Flow sampled for analysis = 3 1/min.

All the experimental conditions being defined,
the results of the tests with gas injection upstream of
the plasma are presented, first with the destruction of
the SFg and then with that of the CF,.

For each 'molecule, the spectrum of the
by-products produced by the plasma destruction was

.obtained and the PFC conversion yield was determined:

- with 0O, and without H,O,
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the SF6 and then with that of the CF4. 35 For each

nol ecul e, the spectrum of the by-products produced by

the plasna destruction was obtained and the PFC

conversion yield was determ ngd- - with 02 and w t hout

H2O, 16 - wth H20 and wi thout 02, - with H20 and

with 02. This nethod serves to clearly observe the

i nfl uence andtvleOokndashtbbut hese nol ecul es in the

5 PFC destrugidpn pr agasqitfrage, of the destruction of

SF6 In the case of the injecti on of 02 upst ream of

the pl asnmePithe BIHeshi MR tionsWead Wsathsetre  the

fﬁﬁﬂfﬁmﬂﬂﬁﬁnéﬁgég@gﬁlQQ@ oash o@bhﬂﬁgﬁﬁ hoPUEBLE in= the
ow rate : = /mn, - oxygen

f?%E\% réﬁSt%lc(Héml/%oﬁesﬁs shown in Figure 3 (results

of the IR 15. analysis) the by-products produced by

the destryclo f SE 2, (Wt haut H2O are as

foll ows: - en added in the
follomnnglmuﬁhﬁt¢%ﬁ% OﬁotheSEGJeCtonnemﬁrdbl@@st@@am of

PRRe pﬂb%hﬁge%h%l Fw1naleng Coﬁgiglgﬂ§1ﬂe6§Fg%£§OM/rate

. = 0. - oxygenflowrate:
wat er fI ow Fe . 0.4 1/min. 25CTRECHESATE@n 0}0@Meppm,

| R analyShSn&teongWﬁlbﬂ rEtgure 4.43he i pgow poration

of H2O, wit t hout yleldst
by- pr oductsEF i ui?—%wever t he (Egnf?‘f‘%/nof HF is
hi gher wi thoxhgeadmbwona‘oé H2Q Aandl. @05 t hémiwrs r osi ve

ConpoundSA§UCQh8%8§O%Ee pogﬁé?hagfnég?gagesare and. 1R

are replaced b rea he§é
p?Bﬂ@JEFéS}al@& Po-Ppeditiemn phodusedulbhertbe destdaction

[bﬂESF@rﬁitH9©Z (without H,0) aré as follows: HF, SO,F;,
SOF;.
Water was then added in the following

conditions:
- S5F% : concentration 1000 ppm,
- . nitrogen flow rate = 49.9 1/min,
'— SFs flow rate = 0.05 1/min,
- oxygen flow rate : = 0.075 1/min,
~ water flow rate = 0.4 1/min.

The results of the IR analysis are shown in -
Figure 4.

The incorporation of H,0, with or without Oz,
yields the same by-products: HF, 80,. However, the
quantity of HF is higher with the addition of H,0, and
the corrosive compounds such as SO,F,, SOF; have
disappeared and are replaced by SO,.

The post-treatment of these producté raises no
problem on a scrubber or a soda lime cartridge.

It is also possible to take the ©prior

- precaution .of selecting the line materials to avoid the

formation of sulfuric acid in the upstream circuit and
in a wet atmosphere, especially if a large excess of

water is introduced.
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It is also, possible to take the prior 35 precaution
of selecting the line materials to avoid the
formation of sulfuric acid in the upstreamcircuit and
in a wet atnosphere, especially-4f a |arge excess of

water is introduced. - 17 Although F2 has not been
guantified, b% analogy wth simlar cases, it is
presumed t RAE Ptlglhagz fpifadmitdbde@n dqllsap;neféxaﬂ, asy Se2&Poqy

ang;i bRF4sithusr thekes, is;Ro r'Sk @%@@qﬂﬂﬂg¥(}%% has
t-treatnmenf on 5 rubber.,

durlng a gff

coRErUETS YoFiltSﬁBPFEE’ﬁﬁdéistl%hFe e§t1§ Sg%"rqfor"—ﬂ’e@ there
upSi;reamrdl%kt beé pkaspatisygor] idantng advsed AgeSe£@ent on
ef;e k?tgél be observed, that is: the corrosive

fl uor| na drby products which 10 would be

i nconpati bl \/\ﬂ:tblhwclmrwm,l I z&b1 onthoskd r eadditoroN Bests

" BGF er' S0da, hav effectively . _.
d:,igéa%pear ed, au %fr)%l essenjtl gEtfy %crréao’ by HEOLfigant

aRAYIRFRIIT oiAnt e fasrvisiedivoley p@|s@rv@a, sthntipésnt ,

t he deStrUCtt'HH1 b@&@ob%vé'@ﬁleﬂ%ﬁHﬂéﬂ bgpF9¥8gcts which
FIZ‘% re gd .6 respectively show th uence
f i he TUAMRALIRAE of SEBUAS a fwwmftlon

tip@ngrs:rfelaamemat eofi Wat erwyapeidrudided. 20 KrPULEdE lime,
f the added gas, flow rate, the

' SE%V‘\%est F ulaef%écj)lnrl&?l[a‘{?g (gi’ SRR pp ﬁngt afepwe e ally

5repl@geds &t dFrhe case of the add|t| on of 02 alone

~ W thout wat g, ‘%Hd%;f%ﬂl tP?Bmquﬁ% t%g?éggliégn %&eld

15

20

25

30-

H20 al one w t hou and curve 5

ad8PPPABR1BE  H2GNA t Hest rudfe amt t Batdei hg addemhi ftcamtly
f Laproata.of O. 075 1/mn. These curves show that the
destructi nrat 5 in % is hl%her in the case :
‘of curve ’fre\i/hﬁcﬁn 36 F?Spﬁ'%lb’? ¥hehgddithieoi néfluence

H2O @b omed vitachaut 02 dﬁﬁﬂlﬁt&dm(ﬂﬁmsafsr AME@%tiiBn of
t@ﬁepéggefio%'gg@é ?waé vapor) added.

Figure 5 shows, as a function of the added gas
flow rate, the SF¢ destruction rate at 1000 ppm and at
4 kW.

Curve 5-1I represents the case of the addition
of O, alone without water, curve 5-II that of the
addition of H;0 alone without 0., and curve 5-ITI that
of the addition of H,O0 with 0,, the latter being added
at a flow rate of 0.075 1/min.

These curves show that the destruction rate
(DRE, in %) is higher in the case of curve 5-II, which
is that of the addition of H,0 alone without 0z2. The
rate increases from 70% in the present situation (0,)
to 88% with H,O.

At 1000 ppm, HxO by itself is found to improve

- the DRE by 18%. On the contrary, the introduction, or

35

not, of 0;, has barely any effect on the destruction
rate.
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to 88% with H2Z0 At 1000 ppm H2O by itself is found to

inmprove the DRE by 18% On the contrary, the

i ntroduction, or 35 not, of 02, has. barely any

effect on the destruction -rage. 18 - - Figure 6

shows, as a function of the added gas flow rate, the

destruction rate, in % of SF6 at 5000 ppmand at 4

kW Cur ve B-durreepfr edentss tdwe a:aﬁmm)tfldimeoﬂddhéi adde8 gas
Q2 al Wi ut 11 at o e

dll t orf%g;% HZEH% ocrllge@vm C#Ho%atscgﬁd ggrv (ﬁl %]i_%aat at

of50((me PRTdianidoRtof KFO vvlth 02, the latter bei ng added

at a flowgate of-0. ?%pﬂéé@ﬂ‘ts Aéhéo%sgpraftbﬁem’%% tion
énd to have a 10 | esser effect of

BtioPT SE6NOPRe Y onlGRTVE sésli[r oM Fownalo the
sa%dlmoum@ﬁ:am arlypnet h&ﬂlﬂfﬂﬂ«l@bqe artf Oxy@enefd2) ithat

|anu Mapo de en s.on t
Sgg Cohcent I‘gffl on Fnl%re?e 7&‘ 1'\‘/§t La ﬁ‘a%nghégged
case af dlowhsatenvér 8i oh l;hemlstry with 15 oxygen.
Case of t d u n t C f 4,
was fi rstﬁ?nj g%?%d%%st?égm 4#‘%1 18 f88n8 trl{léa% a

| asma,
fé?ﬁéﬁnrn&féﬁﬁér iofferfth  dex riHdian asng $Bqie U%fédratecpnly

r@g@serﬂrba;t iy 519908@9m On- t@%\/\ﬁiontﬂ&qpt Whe Eﬁ‘f@hence
rate . =

ﬁ]ouoqxh)%j = 50 'Q_ - en flo
Qh)overrSi nt ?gu%aéﬂer (Féguw%f%‘fe%% |OF€ Siater
aﬂapvsl sgpehte by- ﬂﬂ@dtﬂﬁss qureduaad tdynt hien d@ﬁé rm@ktgge,

HE Eﬁﬁzt‘(‘%%gggt RE ThEnCallett i I Raetbrrow Aych

3@82@%@{t|ons - : concentratlon 5000 ppm -
total throughput : =50 1/mn, -H20 flowrate : = 0.6
;/n1n, Case of the destruction of CF,

In the case of CFy, 0O was first injected
-upstream of the plasma, and the following experimental
conditions were used:

| - CF4 : concentration 5000 ppm,

- power : 4000 wW,

- total throughput : = 50 1/min,

- oxygen flow rate = 0.375 1/min.

- As shown in Figure 7 (results of the IR
-analysis), the by-products produced by the destruction
of CFy with 0, (without H;0) are as follows: HF, COF,
CO2, FNO, FNO,.

Water  was then added in the following
conditions:

- — CFq : concentration 5000 ppm,

- total throughput : = 50 1/min,

- . H:O flow rate : = 0.6 1/min,

- power : = 4000 W,

The results of the IR analysis are shown in
Figure 8.

The incorporation of H;0 with or without O,
yields the same by-products: HF, CO and NO. However,
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- power : = 4000 W 35 The results of the IR analysis
are shown in Figure 8. The incorporation of HHOw th

or without 02 vyields the same by-products: HF, CO and
NO. However, 19 the quant+tysof HF is higher with the
addi tion of H20, and the products such as COF2, C02,
FNO, FNO2 have disappeared and are replaced by CO and
NGO heFi guaet 0t s hoslF ass ahfgnet | ehtbf thheadddedogasf 51,0,
fl.om r ahe. %@a@g rucihon, satgyf G4, at FEBOO PRy afdye
at 4.5 kW rve 9-1 represents the cade of fhe
additarsearsd gpdapsRerAPLAGEE Mat@? andiN@ 9- 11 t hat

-of the addigtiren ofshde@, alagney WidiatitorD2% £ agle CHEMEY gas

9-111 that 10 .0of the addition of HHOwth 02, the
2, g S U o g 6o SPariat 2e0gpem and
ppm 4.Bekdddi tion of H201 into the nmixture CF4 + N2,
has a | es .nfd_L jth SF6. the destruction
rate is rgi%g:gg fdr %?nn%%%}o%o g\ffw%&i% E%\%Evgff, T etﬁédl%lon
c&fe ©f efenet heltheWuenzdcof, HeOrve 9dBhtiwet abf the
1000ipRBY 2d 5B0Q 1BRRY v WAlSk '@J,G%H&%Msélfﬁf” Phat
th |%I asggg{i?:d%%e course of tests, it was found that

tRé 56 i G 0 ¢idikcyPanadheowsrt tavanb ¢ ing hadded
paeviaoustecase). 2nl gssn. obvi ously, oxygen had al r eady

been adde [ cess upstream .. This is_expl ai ned by
the fact ?Eatgq(ﬁfé gE@’orgh%Ffrg(ﬂ;sEsl@& aPfonddaghehfs the
alet el €FHe tilim, hipore DE&sseavinflidecel asam edkbhmsFg;

9y8 ol [iponilug omed hep T LB L0y A 2.

ViR Velnd ABadthen ¢aset oft CHaoer rilst abhEleeneesiofe H20 is

f1 o ¢ Nt B ch b yr @ Padss -anl & 0 080 YD%VS-i on rate is- not
zero, because the gas isa1 still 38) very hot at this

| evel , the tenperature being about 700 to 1700 K

- (hence t hatpresieneetdfort R WieatreoxCENgee plasma

domst1 ea) BESEL el ML (SET S LS LONET A0 1
destruction efficiency was lower than in the previous
case, unless, obviously, oxygen had already been added
in excess upstream.

This is explained by the fact that the SF¢ or
CFy dissociation fragments have had the time, upon
leaving the plasma column, to react significantly
together to reform the :initial PFC molecule, before

. being able to contact the water vapor and react with it

to form stable corrosive fluorinated by-products. The
conversion rate is not zero, because the gas is still
very hot at this level, the temperature being about 700
to 1700 K (hence -the presence of the heat exchanger
downstream) . However, this temperature is lower than in
the plasma column (much higher than 2000 K) and
furthermore, the populations of more highly excited
states outside equilibrium, which play a role in the
dissociation efficiency, have substantially decreased.
The invention, regardless of its embodiment,

allows the use of a solid bed of granules based on soda
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furthernore, the popul ations of nore highly excited 35
states outside equilibrium which play a role in the

di ssoci ation efficiency, have substantially decreased.
The invention, regardl ess of20ts enbodi nent, all ows

the use of a solid bed of granules based on soda 20
lime, or of a gas scrubber, as a neans for

i Adger Sithlof & rggspisty ubbe rby apr edmets soffoirhé ripeaeraibly
I Gty REfONR - Jrelel %n%ftQﬁeeEPEEﬁQtr%%%@@?htob%%%re
at rosphere. The “sem conduct or manuf acture reactorfs

( K6tLe35 18Fokk e 6TFLBARE IDFeaRi &h Bprrattreospivare .

vacuum am@e CeRfgebadut@cPUMENAFavRlLel FirgdbecdQ (not
(wgl %h Wil | gnow be escFll,bEd) onrlé%/ shows the rough
vECGUH ptipd “PURRi cH0) d¥PEGEr METEYY yBREeR: vacuum, are
atoosphéedc tpr gssye af twhéchobtibake2.1010(whipliradit Ynow
of,.p AN d arjou actors are .
bR e f phO b Foulf i Aok pgs 3 wnicn
t fedivehe @t f |afdhtusritssaitngatnospherict grresshineh mEy the
exgeute different steps of the process (deposition,
etching, reactor cleaning, etc.). 15 A first particle
filter 4 #s PrAlddd bef oSt LodeRRRYFEST a t® oFarious
thesetgases aik 0 tdhlasm - Syst epubafwBinch My begrder

any asm system for_th struction of effluents,
pga}f/l{"?ictu ATy ‘gysyts eﬁ’_f'”aes‘_’\lec deser | 63§liuﬁ'n9§- AL&SBgBI  from

- T8t Atwhiieh omtdet ecfectilte plasfersyst estépsheat the

eﬁgg@yﬁer .9 are t | .t es

treat ed, (vvllé_ﬂ, ?lnﬁ{'hﬂ%\%gl?g’pgcret%%%foﬁ h%gLse%%?r%Igﬁs ege- -
means 16 & of1rpécapsrtiingeanyiligui ds tondenyddieion before
tihpsedBao® ia agy §eli r StLeam of, o

r?ea s 9. 25 Af t,elra1 passi ng%%ﬂg%lﬁegaovalﬁsg 185%{1%%1&1&[
§é’|$ee§“ o i(¥BiGPe TR pPaslY r ohaEMes SVSERBr géor the

ldes)ructawist Fameifff1neeessar parthevhawiyenper a8b ¥ én  as

.pass ..t hrougl | 11 to reach an addi tional
?jri%;s%%f%%d(so Ffoslr)l% % ?Egeﬂgi%ﬁg on the nethod)
opti onal AL t 5h80 aonbensefilashe pobauicd S sgfstlem t AP heat

'@§¥hﬁﬁb%qSH@%EEpEﬁE§§irg%%%ﬁgﬁﬁ%c%%ﬂ.wg%%qqéggéjggg?ﬁ%g,

remai ni"Nng gaseous € w Via e
Wﬁghdr}noﬁ tleawepgrant of these means 9, means 16 for

recovering any liquids condensed in these means 9 or
any solids formed upstream or in the means 9.

. After passing through the valve 10 which serves

- to 1isolate. the plasma from (its discharge line)

downstream if necessary, the low temperature gases pass
through the line 11 to reach an additional trap 13
(optional, depending on the method) optionally to
condense waste products or to trap any solids which are
removed at 15, while the remaining gaseous effluents
flow via the line 12 into the dry or wet trapping
means 14 .for gaseous products, means known per se to a
person skilled in the art.

According to the invention, elements other than
oxidizing elements are injected at the points A (7)
upstream of the plasma 6 and/or B downstream of the

plasma 6, while at least one oxidizing element is
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means 14 for gaseous products, neans known per se to a
person skilled in the art. 35 According to the

i nvention, elenments other than oxidizing elenments are
injected at the:points A (%) ziupstreamof the plasma 6
and/or B downstream of the plasma 6, while at | east

one oxidizing elenent is 21 optionally (but not
nexeisserd I hy) iuﬁuéctedtinnecehearpl@srmumuﬁﬂtbdi idfto the
X AnPhAY S, e theistibuetiybn the | fne S do nor

contain a aseous co oun for "'exanpl e WF6, of a
metal | i abfife thes efif lygedagant rheughinehd ploaswa, comtain a

gepayals acdmpAlndlepesit «qambhe Wal s Af 4 hgeehamiarpie,
where the at ed, any hydrogenat ed

Ias er
amd] oP? Féa %“aﬁ‘ﬁk‘ﬁbﬁﬁ Bﬁ%%‘f‘acaﬁooegﬁﬁjeéé*ﬁ%d a metal
uplstpoean ofi ttﬂne pladd@a of Itll’ll@e| dthaf@pepr @theets t@@n?gla@shﬁg is

ror A age ¢ ory Y RLSPFBenale L rliivng TkRe 8 Prgeous

i @Jré’@ﬁ-’icén @fanexdimmnej@ctdwm@}g:etmm aofl/ otheedpdiasga,
rQﬁ&&ﬁﬂlh@sBkBQuEEQ”bBﬁgglﬂhﬁﬁnﬁogﬁyoQ?gry ghﬁ'ﬂ%ﬁrogen,

reduged or elim nated e cont

ePiFfigHEs it dilkat of 152 agsdia londegasésusitorprunglesma

ageheastlﬁge metak (far 'ﬁ%@npiﬁjygfa@natokeaéchG§1vely
air, nitrogen)

rous genated el e X

A oPEER O SR B g cRRGRNE nd T4 Sn THAT pEhe
tlhbaemalmeyltbe aubintdiead pdreddnidd @t dEasinaanel.
hydrogenahed eﬂdﬁﬁq{, 290&@9 |ngtg%d tff\i r%gu(%:%?é%(n at

i nj ected prefeéra domns am o
t 2 glar PReswaisgos st r@mnﬂtasimom atntl@atshe one metal (for

p&§ém§ﬂécﬁﬁggee%?nﬁaaé@tgnéhgnhﬂhf&ngoQg gEhE8Ld element

speci es created. (lIn case of unhcertainty concerning
Y9 ect Pdk, it DikrpPenerabie  PxA@sigelyni sinjected

m@MﬁEbémﬂLﬁfCﬁﬁhelrpli%ﬁaﬁasﬁnt@t tRast e PPLLERLAUCERT pe

d t d t th

T PR D8 | e FreStal ebior Sktree it naner/ oF
eieh:tmulnga agdytmtre a gydhedar bos,  a rhjditede apﬁléﬁérably
grfdo%?’?hgl ‘E)T?a%na DP&’?PSSE e%H‘eOfeatr e%l asr‘raco the

p0|nt
‘plasma into the post-discharge zone) into the
mixture of first species created. {In case of

uncertainty concerning. this injection, it is preferable
to use this second solution}.
In this case, at least one reducing additive

can be injected downstream of the plasma, such as H,0,
Hy, CHs4, NH;, alcohols such as methanol, ethanol, a
glycol, a hydrocarbon, a hydride and/oxr a hydrogenated
element.

- Downstream of the plasma at point B (8), before
cooling, oxidizing additives may optlonally be added
(if necessary).
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cool ing, oxidizing additives may optionally be added

(if necessary). - 22 - CLAIMS 1. A nethod for plasna
treatment of gaseous effluents at substantially

at nospheric pressure, 5 cenglising - injecting the
effluent to be treated into a plasnma source, -

i njecting water vapor upstream and/or downstream of

the plasma. 10 2. The net h&&R&MSclaimed in claim1, in
which the pressure of the effluents is between 0.8

ba{ and 1:% bar .. &5 g. The_nmet hod as clainmed in

either of &l aMAE*99anor 2, PLASHAI chreREMGALter Mfapgragepus
i nfECleehtis aatconeebkrahtaldf beivReHNHOHOD KPMPLsure,
a@oéFrTQl thod as clained in one of clains 1 to 3, _
20 1 I clr the water vapor is injected at a

t enper at urigl] esftiget weba 2EfAnkr800€0 e Theeatkhodiaso a

clflﬂigm@igb&r&%,of clains 1 to 4, in which the
effluents to be treated are effluents from 25

sem conductoCigst mentafrbces P06, Thesheeand asind/or

Cloaiviet rieanoR€ @heCpakBRal to 5, in which the
effluents to be treated are a m xture of

perfluorinated and/ or hydrofl uorocarbon gases and 30
niZt.r ogen. The Teshoet hed ds icleai mad ¢Iaanel of 16l @hABhl the
t [ i C h saqurce is of th urface
whreosyhe. Mgt "ReaBRHEsT 3 Pekfe®t  babndiir ofie 1.3
gB88ous effluents at substantially atnospheric

pressure, conprising plasma torch neans (4, 6, 8, 10)
and nmeans §3 %%4, 16, 18, 24, 26) for injecting water
vapor into'd MatRPHgsoRkained 2n)eigherhefdedpiwsad and

ckai med i whilodi mthe | Nk £h bEFor5 MRansifRhcted in a
| DbRELALE L1, VEE Sl YRS AIE Bl ACKY, upst ream

4. The method as claimed in one of claims 1 to 3,
in which the water vapor is injected at a temperature
of between 20 and 300°C.

5. . The method as claimed in one of claims 1 to 4,
in which the effluents to be treated are effluents from

-semiconductor treatment processes.

6. The method as claimed in one of claims 1 to 5,
in which the effluents to be treated are a mixture of
perfluorinated and/or hydrofluorocarbon gases and

nitrogen.

7. - The method as claimed in one of claims 1 to 6,

in which the plasma source is of the surface wave type.

8. A device for plasma treatment of gaseous

- effluents at substantially atmospheric  pressure,

~comprising plasma torch means (4, 6, 8, 10) and means
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of the plasma formation zone. 10. The device as
clainmed in claim8, in which the neans for injecting
the water vapor are placed 10 downstream of the

pl asma formation zone. 11. -TR& device as clained in
one of clains 7 to 10, in which the plasma generating
nmeans conprlse a surface wave source. 15 12. The

deVitde d&:cl'&@nedti Onefor &haesingtwaleér viepowhiislio a
t heigeagszé0e t1geciing water vapor conprise a

vaporizer with tenperature regul ating neans (24, 28).

20 13. The device as clained in one of clains 7 to 12,
fugt her cdﬂm i 6éﬂgcdirea$IScIQImécﬂ r eMeeskbhy 8t r %pivnﬁdlheche
plAas t uct.s r exanpl e a so bed of
granu as%rgy%c%{lso%atkfé e, - or VT)D de -ean
WTﬁirﬁhQuRﬂQﬁm&ﬂﬁﬂﬂmatuqm aoacof clalns 1 to 6, in

which the effluents issuing froma reactor are

destroyed, said effluents being transported through at

| 45t one ThfhFeiHES oaspl%\%flfﬁéﬂﬁfgam e4paml 8, ofin which the

destaray| ngoat hﬁﬁébtﬁﬁg‘? ehel Na,Ronds yabhe BEC 01 aceq
4$ﬁ§%€£@%m n&l% etﬁ%en t he quorlne an
el ener ggga PERAF&ST0FOPRe PFC or HFC
types, in order, to generate first speC|es mhlch are
thgn convert sego seous, |qu r
5220|es %ﬁ %gvagﬁeggc?ggggo tReS8%s8&0 3 §B§C|e§° 10,
wﬁphwaﬁﬁhoﬁhSSEﬁ@ﬁmgterpmﬁglngamsanwetbm@rusewhl@mr&bce
| gast gpgrchBydrogenated and/ or reduci ng reagent is
injected downstream of the plasm,. but upstream of
the stripping neans, in order to react with the first
SDECIGS cTrat advde Qﬁdclélﬁ@@nlﬁhSnéeegnglﬁﬁﬁg'Qstooﬁl
g& Ig st_sonme _of these _second species may be
rennve By tmg?PFpEPﬁglnﬁﬁﬁﬁéngu@ﬁt§§ yapateFomprise a
stapbbbrer thit hat empeapoire | 1 @CIA OGS LRSI EaAM 3 ).
and/or in front of and/or 5 downstream of the plasma
optionally being elimnated 15. The nethod as
ct&i ned i%%%l@@TnQﬂ-aSc@h@;m@@rlaednenofhalaibe 7 to 12,
|ﬂﬂﬁﬁﬂéﬁncéﬁpﬁisiﬁéshegﬁg ﬂafj(¥¥?ng§£ﬁﬁyﬂ£¥applng the

duci ng reagent takes place at
p asma “reaction products, for example a solid bed of

granules based on soda lime, or a gas scrubber.

14. The method as claimed in one of claims 1 to 6,

- in which the effluents issuing from a reactor are

destroyed, said effluents being transported through at
least one pump and to plasma means capable of
destroying at least some of the bonds in the PFC or HFC
type molecules between the fluorine and the other
elements of these molecules of the PFC or HFC types, in
order. to generate first species which are then
converted to second gaseous, liquid or solid species
before interaction of these second species with dry or
wet stripping means, method in which at least one
hydrogenated and/or reducing reagent is injected
downstream of the plasma, but upstream of the stripping

means, in order to react with the first species created




10 earliest in the plasma or in the post-discharge

zone thereof. 16. The nethod for destroying effluents

as claimed in either of clains 14 and 15,
characterized in that 15 thehydrogenated and/ or
reduci ng reagent is selected fromH2O NH3, CH4,

and/ or al cohols. 17. The nethod as clained in one of

cl &nfs Py ™ e ctraonet @megd@sin afthathiath | astease some

oxwgem&b@@ s%@oﬁ@”@ﬁ@@ﬁebsmhplE@tEQm &rﬁ? of ggflpplng
pl asna. as clainmed 1n c
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byipdsséagen |ateptrup$ﬂnﬁﬂm1 aelki/genenat i RgoatMebal and/or
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| asma 1's generate
oxygenated conpound injected upstream may al so

consai n hygregenyatQys, Wakl e EES:LIH%HJ eCH‘ o W 14,
ogenat ed and/ or reducing reagen
rra‘F "fl FRESr 17 edudad @?a’fevéﬁeellmﬁeﬁéllédl Of St least one

hydrogenated and/or reducing reagent takes place at the
earliest in the plasma or in the post-discharge zone

thereof.

16. The method for destroying effluents as claimed
in either of claims 14 and 15, characterized in that
the hydrogenated and/or reducing reagent 1is selected
from Hz0, NH;, CH4, and/or alcohols.

17. . The method as claimed in one of claims 14 to
16, characterized in that at least one oxygenated

compound is injected upstream of the plasma.

18. The method as claimed in claim 17, in which the
effluents do not comprise elements capable, by passage
into the plasma, of generating a metal deposit on the
walls of the chamber in which the plasma is generated,
characterized in that the oxygenated compound injected
upstream may also contain hydrogen atoms, while the
injeétion.of the hydrogenated and/or reducing reagent

may be maintained, reduced or even eliminated.




