; €3e7001D3vR476D7T7t . i i of dense pl asmas generated at
" at nospheric pressure f“ H@@“M@Bbas effluents Technical field and prior
art 5 The invention re field of the treatnent of gases by

- plasma technjgugs/oafhdlsgspEeiarly the _treatment of gasgé.r;syﬁblzgguo
perfluorinated gases (PFCs), particularly perfluorocarbon gases, ané/ or

hydro 10 fl uoroc ) HEES) r rpose of troyipg them It
relates to a umﬁ’g’ﬁ%‘ggﬁ%é oggts&%gﬁgiﬁéﬁﬁﬁegeﬁﬁgsgeﬁégcess for
treating theadmasphertcOpreansduste yfpar ttreldringec gasr edf byentsse
problens is the sem conductor industry. This is because the manufacture of
sem conductors is one of the industrial activities consum ng significant

t onnages of Pechri¢alofigaldeandapriorPREL) and hydrof | uor ocar bon gases (
HFCs ) . gThese gases are used in plasma etching processes for etching

patterns in integrated electronic circuits and 25 in plasm cleaning
processes, eSpRciBVEPLLieR dedatiansy thetheaiold Pdr Produesalment noki | m

material s byggdegi caly vapga@mqep%ééﬁ@agﬁéyp)- alliey @bpedlisaiysedehl
processes for the ion or 30 growh or. etching orf cleanin

rodu or
t r eat ment oft2%$$?%ﬁﬁu8§09§SSF SEEC Gfd REFrL T i1 -4i$%?%%vﬁ€ggsbr
sem conduct gsavticohdutyi ngpexrf dictesdrben t higaddd s, apd/2ubst halles- or

el se in,proc novji hot itive resins used for mcrogircuit
35 Iith%érapﬁ?&gﬁ%é%%b§ﬁisfkg%gge ﬁ@éﬁ%ﬁh?or%ﬁﬁb 95253 aP8 8 ESoci Gred
within a coldesteeyingatheischarge plasma in a chanber - 2 or reactor,
in order to give, in particular atomc fluorine. Atomc fluorine reacts
with the atons at_the surface of 5 a material to be treated or to be
etched, in ofteFetdtgfvéovd ditite @BnPBEREY KRTCH Laat g revcdIREeR t he
chanber by aan@Ctibing PYAOESSs S¥6Fefrandingnthbaet Bas@shaust unit of the
system _10 Perfluorinated or hydrofl uorocarbon gases are not in general
conpletéﬁy consuned by the aforenentioned processes. The anounts di scharged
by the equi pomeat imeysexgyeasablecwlathe RctceirdddC bipf [thesel SpPeplener i nat ed
or hydrof |l uoyoc on e e .especi gl | har act.eri zed their eat
chem cal sta{)é)li ﬁ;e an %@yé%ﬁ%crtovxgrérﬁug rb'so?[g"tllsonlisn B%galuﬁ ragfé‘a They
are t her ef orearykpetied of Iemigausdustarsmke ansi gfi filanindoatridltion to
the overal | jealvngidd of ¢hesehingte byigeipliesatng tpsnargenhousgeeffect.
Certain_industrjialized countries are in principle commtted to reducing
their e?rPssiw%lru%é%%%%sg@Fﬁ@cﬁP&&?és.anz‘s el WO FRERTPPRsIRBRE UM Nng
t hese gases (wmesxchosen to anticipate the changes in regulations. In
particular, the sem conductor industry is in the forefront in adopting
vol untary em ssion reduction policies.

These gases are used in plasma etching processes for

etching patterns in integrated electronic circuits and

25 in plasma cleaning processes, especially for cleaning
the reactors for producing thin-film materials by
chemical vapour deposition (CVD).

They are also used in processes for the production or
30 growth or etching or cleaning or treatment of

semiconductors or semiconductor or thin-film devices or

semiconductor or conducting or dielectric thin films,

or substrates, or else in processes for removing

photosensitive resins used for microcircuit
35 1lithography.

To do this, these PFC and/or HFC gases are dissociated
within a cold electrical discharge plasma in a chamber

MR
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30 There are several technol ogical ways of achieving these reductions in

" em ssions. Anong the various conceivable solutions, optimzation 35 of the
current processes seens limted in its possibilities. The use of techniques
. involving alternative chemstry is inapgropriate in nmost current equipment.
As regards the technique of recovering and recycling unconverted PFCs or
HFCs, this RBvéeaFPo 1n 30rdery RXp&isidve P tPRThiFYE3Tt AERBYE de
products w timgopiméty sufficient to be able to reuse themin the process.
5 There are al so techniques for the abatenment or destruction of unconverted
PFCs or HFCs | eaving the reactors. Anong the known abat enent techni ques,
menti on may Aweorllc nfitleoniné heehbesmali thonher sitomsofatPRCs surfadrira®r or an
el ectricfur | yti G, oxj i d.pl i qyes.

Fechni quis My seF thrt 50 G171 F Sheol BEpdl BTy ehERl PURCoriB e o og
stabl e nol ecaite® ¥@diatdd eCraompoundsnothigh oarsatextfrattrd | Frofm i thent
treatment ofciifhelr AMSaCIFOUNAT hrldd i A6LLESH MasgTIdARIUELO Lhe
fabrication plants, w'th flow rates, I'n tthe highest cases, typically of the
order of a feX¥hausldredist@hdaRe 90SERB- per minute. Docunents EP 874 537, EP
847 794 and EP 820 201 descri be PFC or HFC gas abatenent sol utions, but not
one gives ag‘%[?}?{_: ctical, %n Iing, igg&ement ation, 25 within the context of
a seni céfdu J‘Swam'f% A t DYEERE LHPTPRE TGPt FRRES pritifos BT EP*820 801
and EP 874 S¥heral at eceptlkteilyel yedrosunsl cabg ofthear ra Bsreasesi afied he
rare-gas ty I can, he _i npl ed | ahgr ry. .o, such a
producti on &%Cﬁg@vé]%?% 38h?héamg}§lr?§§eng%%%ﬂ%¥%%e§§ r%tg(r%e eg%‘%gém%g dljln%ﬁti on
gases i s exctxered b50 repfif bloe UPEEsOrNGRE ohflpw.ot her "plasma” type
solutions, known at the present tine for treating effluents of processes

ot her 35 than sem conductor fabrication processes, allows satisfactorily
effici eAf trRRERERTHRaEEEs width hi §rdncdducHiosarbaich ag2fREse eREBunt ered
in the fiel edbesra Dpndutiatfadrlifized | 0By t WHeRt | y g@kathe ohéeeical a few
hundred stan ard.JﬁrrB per 'ﬁute - 4 5 Tn}e. ane. probl ens ar,i setf'ln t he
case activitTeRHROY vidhs t kY t EBRAFquESTXe dEEEEFRYIGY, *8ngthe

especi al | y alifxsred. PFAepndrer tHeCedases suSpantred off theingvante onoof all

the usedil1$§ﬁétgesgggggf@£§% contribution to the overall heating
20 of the climate by reinforcing the greenhouse effect.

Certain industrialized countries are in principle
committed to reducing their emission of greenhouse-

effect gases.

25
Certain industries consuming these gases have chosen to
anticipate the changes in regulations. In particular,
the gemiconductor industry is in the forefront in
adopting voluntary emission reduction policies.

30

There are several technological ways of achieving these

reductions in emissions.

Among the wvarious conceivable solutions, optimization
35 of the current ©processes seems limited in its
possibilities. The use of techniques involving
alternative chemistry is inappropriate in most current
equipment. As regards the technique of recovering and

recycling unconverted PFCs or HFCs, this proves to be



The invention relates to a systemfor treating gases with pl asns,
conprising: 10 - a punping neans, the outlet of which is at a pressure
substantially equal to atnospheric pressure; - neans, downstream of the

. punp, for creating an atnospheric-pressuyre plasma. 15 Such a system proves

to be well suited to the treatnent of PFC or HFC type ga es mxed wth a
carrier gas HWT4 prestdt¥esih sggﬁt PaM v SedeaPuey i R)‘?O CHrgerhof,

at nospheri c piessyr esuf fi grcdritd cwoar bien dbtecase Aeddels t\Metnh ANCERET at i ons
of the order_of 0.1%to 1%in a few 20 tens of litres of nitrogen or air

per minute. Prefe¥ably, the plasma is a non-local thernodynanic equilibrium
pl asma, that is to say a plasma in which at |east one region of the

di schargg isp in cal th i um pl asma
sust ai ned atThEHR T P2Buet® i ERCR LRASkry o G rangbi v DB
frequency gr@%ﬁ*‘e’?u@ﬁh@nS@ ncgnvertede BFder of &lRGsv Beading eor a
few GHz, makgszdtop®ssible to sustain such a non-local thernodynam c

equi li bri um plasma. I n order to achieve a high conversion efficiency of the
pl asma, neans for generating a plasma, downstream of the punp, are chosen

SO as to praesg anhel ekhownd Gddnerd atchaagliedlznent Sonf aayexpapl e
between_ 101z a d 1812 g}ﬁ referaeg]!::(%li betvxﬁeg %013 .and 1014 cm 3. -
Pref erably, TH& fFe owWrigty e Pufip i*&! 13 RYEFT o°Fess
t han 300 nbaan I\é:iw,cttﬁ'ne: usfelrm‘am atetsilyericc - présatienpl asda, pbadoanst r eam

of the purrp DB in the tube, or in the generally tubular dielectric
chanber, th V\%?‘Hﬁgt he di scharge is sustained, radial contraction

phenonena in the plasma which are deleterious to effective operation of the

treat ment sysiese ageehdifdedO Hatrd e !LEMQEEHO%fo&(&CHrEBy‘Q éQpQBEally
enbodi rrent a, pl asma tube having a di ameter of between mm ‘and nm or

bet weenl8 mitEndy &eHATFY st%eT—]é‘ét B@sso HLRF nBPAESHACE rﬁi%ﬁ-:l?ai‘% (‘:'Fggree 15
of contractien. dA pic&srralwbe éwmmctdxamgx heﬁflbeémertr]é&manwndfmo mm

may further sel ected sq imt pressure dr ops g st.ream of
Th purp. 20 B cBEARRYS o ARORREF R ety RS ke Hor SGBREPATRAGOR of asm
conprise a pfaisnicalt Sehargarntuhe, wild gédowo betes patied paesi hgghhsbugh

this tube downwes dst%%:‘?cﬂ'w BEKEf el oﬁ:‘&%&a@ 1% 'tfaﬁ'eﬁ%ﬁ ‘(’)"%EQHd growave

powe an_excess] vely punp. t possible to ocklng
the tubéOw tCFf“d@&stﬂléﬁltrﬁ ght result in the coupling of the r into the
pl asma being disturbed or in |large pressure drop downstream of the Draining

reans ey {NgLS st be, PLOVLAEALy (he dioligmioet L gn, of Lhegphasg ¢ ube
treat ment 3Xeddribhé . PARCCosxi HFCt ggyet adbRtichentaspetttionen- dryd ngoor
tapping meang, vy, pg. proyhged 0 t1%.92s Agh 5&S 18l Shintation,
25 within the context of a semiconductor production unit.
Some of the solutions proposed (EP 820 801 and
EP 874 537) relate exclusively to the case of carrier
gases of the rare-gas type, which can be implemented in
a laboratory, but not in such a production unit where
30 the consumption of these rare gases as dilution gases

ig excluded by manufacturers.

None of the other "plasma" type solutions, known at the
present time for treating effluents of processes other
35 than semiconductor fabrication processes, allows
satisfactorily efficient treatment of PFCs with high
flow rates, such as those encountered in the field of
gemiconductor fabrication, typically of the order of a

few hundred standard cm® per minute.



- 6 the deposition of solids or condensation which m ght increase the

" pressure drop downstream of the punp. The invention also relates to a
reactor unit conprising 5 a reaction chanber, producing at |east one PFC or
_HFC gas, and furthernore including a PFG or HFC treat ment system as

descri bed above. The reaction chanber is, for exanple, an itemof 10

equi pnent f oFhehespredudrioddens geditde oriret dlithg @rsel eafi ngldr theat nent
of seni condugtefvoriERI N-firJdidigid cesnar SeERandNG or ygegcongdyict kpg or
dielectric thin filnms or substrates, or else is a reactor for_renoving

phot osensi t | 8™ 6SPAYCEHSED HGldri d#i peRrEiatlyi eidgridphyteshnaqredct or
for depositingihyi pFCi hag/dur Hrg phasen cl eaning. The invention al so

rel at es %o equi pnent for producing or growi ng or etching or cleaning or
treating 20 sem conductors or sem conductor or thin-filmdevices or

sem conduct ocfusubsyrafethecdéngensipnn: - a reactor for produci ng or grow ng
or etching or cleaning or treating sem conductors or sem conductor or
thin-filmdevices or sem conductor or conducting or 25 dielectric thin
films or subBheatigwerdricsl seedatescttsy forsysdranvi Agr plhotesdsing t gaeesesi ns
used for m cyPehr fuhkmbi t BOYHRRPBYngQr @ reactor for depositing thin filns
during plasma cleaning;, - first nmeans for punping out the atnosphere in 30
the readfor; - a [ratRiIng sieargs deier obédeibook. WiHeh r é8t idnt asyst em
i s preferablyrégsaredsipatahbeal egckaualAdvantageptenic dregudes | ocat ed
on a 35 facilities floor of, the treatnept or production or _etching or
cleaning unit, or el§8"8n &FIEHG a° aﬁ%%xﬁ??%’o OFr TR Dr 22
producti on ozxtwmtshbhagiorpreeanregrihepa. The invention also relates to a
process for treating gases with plasma, conprising: - punping of the gas to
be treated, at a pressure substantially equal to atnospheric pressure; 5 -
treat neR® of Su@le 8aPHsS§Eed WrONesSn tét hss } opriesedireo pthenhreghmegss to be

treated may be prenbredid tyge CREELETmIRSA @l chuRStAt Al Yg@4 "Repheri ¢
pressure, for exanple 10 nitrogen or air |njected_u5|ng nitTogen or air
&

i nj ection meRFESSYRE MUBSSEAT iel 1y r egHala R uPFnPlef BBt q4IEE hefease of
danger ous reaehdopherodupteysand,aipl perR-igRIIeHAtiNhe case of PFCs

with concentrations of the order of 0.1% to 1% in a few

20 tens of litres of nitrogen or air per minute.

Preferably, the plasma is a non-local thermodynamic
equilibrium plasma, that is to say a plasma in which at
least one region of the discharge is not in local .

25 thermodynamic equilibrium.

A plasma sustained at high frequency, within the MHz or
GHz range, for example at a frequency greater than
50 MHz, or of the order of a few hundred MHz or a few

30 GHz, makes it possible to sustain such a non-local
thermodynamic equilibrium plasma.

In order to achieve a high conversion efficiency of the
plasma, means for generating a plasma, doWnstream of
35 the pump, are chosen so as to produce an electron
density of at least 102 cm™®, for example between 10?2

and 10'® cm™ or preferably between 10 and 10** cm™.



15 rol e. Advantageously, the plasma treatnent takes place in a discharge
" tuube, the process including a prior step of matching the dianeter of this
tube so as to limt the 20 radial discharge contraction phenonena in this
. tube. The process may be applied to a_chenmi cal reaction in a reactor, the
said reaction producing or emtting at least one waste gas to be treated by
the treat nerRroEeFripEEs sthaher88FHE B e 8EPP0 AOWRP L HEGM Qﬁgr‘ﬁd'}%,l?lﬁ@ al®eaction

for the produthi®ed ofo JI&d hcwinet 6 meapr cl eani ng or treatnment of
sem conductors or seniconductor or thin 30 filmdevices or sem conductor or

conducting or dielectric thin filnms or substrates, or else a reaction for
the renoval Ndwphotheenside veofesiars uaediobpheliierptiekenire | i phoghraphy, or
a reactipgn f osi:tign of thin filns_durin l.as | eani_ng, _usi ng
35 Pre. add omegagloB, 1 SophSy ok HErfit | AR, TH ChrBe R ke or "B
gases.  _a ti®igéndestiyptivbmleir tdiefegures Thembeat umbshdnd whivant ages
of (Lhe | NVERMRON WhidcDeGe e QR dindppar eflaidy thedh@iclophe 5

description which follows. This description relates to illustrative
exanpl es, giRRGPIIERAY HF ekPRanBLASRRbUNIGH yigdg nelehesiowh, Wth

reference tetfecttppendpdratavnndst i Rhehiheatmdn@Use st esh O Ecerdinggr am of
roducti pn equi pnment according to the invention; - Figure

sem conguyct or

2 shovvsgg di%rl'g’?é)olfn‘éerb'?%%a source; and - Figures 3 and 4 show

schematical ly sem conductor production plants. 15 Detail ed description of

enbodi nent s of érhcgii nvention The.i g%ienti on w escribed within
a se

l1.firstly.be
t he context %Cf‘c coTduEBr PHBHTGT B praan?%aﬁrﬁas ¢S pRIAte p?ovi ded
with a treatdismetssist e hetwednn@ o tared | Aviemt | om, bedmereins 65, mmasand

i 11 ustrated d Mol 9¥5€ sb R tRIPAUST 59N cIPafd He £n €4 C I TR & feea
punpi ng_system conpri sing a hi gh-vacuum punp 4, such as a tur bon% ecul ar
punp 4, 1and of reRRIFHGE D 6, and 25 neans 8 for the abatement of PFC

and/ or HFC conpounds, of the plasma generator type. In operation, the punp
4 mai ntains the.necessary vacuymin_the praqces hanber and extracts the

gases 30 di dthRF§EE® T%Lég‘? eg‘@tv&fngz ‘?sq‘reé% tﬁ’%t ‘ri?eeqaﬁ%eeré 3&0 W‘ea?’i‘%g t he
sem conduct cr0 prmodundy, furthartiore dve PE€landkdr dd-Gigases.liGax feleed neans

therefore f exdeégl?ré e&g(%é)ée %%"{1?%@ u%%%tggsghg]éuaét shown in the figure.

Typi cal |y, t'hese gases i nt 0 actor with a flow rate of
the ordeP of about ten, or a fewtens, to a few hundred sccm (standard

cubic centi BAdSMing to another aspect, the means for generating a
plasma comprise a plasma discharge tube, the gas to be
treated passing through this tube downwards.

25 This makes it possible to 1limit the risks of
contaminating or blocking the tube with deposited
ligquids which might result in the coupling of the
microwave power into the plasma being disturbed or in
an excessively large pressure drop downstream of the

30 pump.

Draining means may therefore be provided in the bottom

position of the plasma tube so as to recover the liquid

condensates and to remove them from the treatment
35 circuit.

According to yet another aspect, oven-drying or tapping
means may be provided in the gas path so as to limit



- 9 per mnute), for exanple between 10 and 200 or 300 sccm In general,

" these gases are not consuned entirely by 5 the sem conductor fabrication or
treatment process, this being so up to proportions possibly greater than

. 50% It is therefore quite common to haye PFC and/or HFC flow rates,
downstream of the roughing punp 6, of the order of a fewtens to a few
hundr ed sccrf§ ofePesakdm® eChetsiEeifl®1005c GRMIRNSAIDL G  YBA CEcRiIhhe neans
8 can be useghd@agartlye Ngrovsuiet deabNBOInEdresAcCHAt LR pumpl.reversible
conversion) of these unconsunmed PFC and/ or HFC conpounds, but they nay al so
15 produce, thereby, by-products such as F2 and/or HF and/or SiF4 and/or
W6 and/ or Qe bmwktoti&GOF21laodrel ab8aF2card/reyadiBd anthl/torcdpr betihgr 502.
These neans 8 are ns faor.dissociating the | ecyl es_20 t he ingom ng
gases | notnd iSRS Lot SO Gr oy g I 85 At raré B Fectia FC

fl uori nat ed gTpoands fuitegEess f italiginghe @EEGnmarofHRchet measeBti s used
to ionize t g bjected to the 25 plasma, by stripping
of f el ectro%#%ﬁ%??%ﬁ%%?yﬁ%ﬁ%?al gas nol ecules. OmMng to the action
of the discharge, the nolecules of the gas to be treated or to be purified,
and especi altpe 3G-ddex 1M eceh b &F the, bager gasxampBe (i ss0Ci fted seras to
formragi cal s_of sma\lrl r size than the.initial nolecules and, .thereafter,
as the ¢3se SRYVIEEETE n&O¥ S BRESAECEIRE AtDnITaNErs regnECRins ofecul es
of the base gosaring exci tedagimenty biEsesémidbndubsbant bal | tyhhoe-£hemi cal
reaction. Af . sin h .t i scharge,. t at o ok . ol | es of

t he base gaséegle& e- é’%gi %géggﬁad}lggcc)’%bi%ré rcg%ﬁlélc S‘\P yg“i't oé%%c%ﬁéﬁf%t act
thereafter. thin 1@ilms cont rashstrdees npwd t eéseunter go, reectexanpbe,

di ssoci ati on.QRdf Qg | ?%%s%]rgiecwv?e%'i% bﬁsg_ﬁe E8£”%Jf<9ﬂ><9{ SEYE

nmol ecul ar fragments having chem cal properties different rc_)mt]ﬂpse of the
initial 18 nol FLPRhi clPTaR tFRiebPrerfde dePosditddd r BRibhef @S by a
sui tabl e subsefsentpldsad nEdanfmgeactive unit 10 is used to nake the
conpounds resulting fromthe treatnent by the neans 8 react with 10 a
correspondi ng reactive elenent (for exanple, a solid reactive adsorbent)
for the purptise phvdastioonyiaigd hee$atdscanposamdspmdhe gagespredutingg from
the treatne by .opans_ 10 (J.n.f. , e carrl as | ade i FC
and/ or HFC ?%/Ifoe %BG%U ds %ﬂn'd/ (%rt%o lﬁlg i%r%uri(‘tallée%sﬁ sugk as%%%%%hg

ment i onefl abRRR)ceAUe RIS dPScRangeanficsorherarmiiantf igdin desrica t dvut

danger, wi t hsdARleHllO o FSupE OPRELL ONSoRQPPALAELe Wi th environnent al
protection (typically, less than 1% qf the initial concentration) and very

|l ow, pernitted propori$¥nsChf o8 RAPHPGRENSEr BHAE NG 1Rk $ECRE 9T bel ow

the | egal exqlositiind i ottt Srebyphgabkkyikessuchars0.dr pymidotdsstdhadrl ppm
For safety rgﬁslfrfsﬂrﬁ h% aseous effluents_conm ng_ f%om 25 the reactor or
u [

fromthe prot ction charer 2 aré, §STASPPERRS o h%OEQHSE§P90f0¥he
r oughi ng5purds dreatirsiq otighnv fddms punpiuiesteatedi ghy edisleutaedréachdrr ogen

(with an addidy ve 9agoviage! Y QXYE68dn0 e 6 at SUDSIANtT @lsky at npgpheric
pressure. The system .
microcircuit lithography, or a reactor for depositing
thin films during plasma cleaning;
- first means for pumping out the atmosphere in
30 the reactor;

- a treatment system as described above.

The treatment system is preferably located near the
reactor. Advantageously, it may be 1located on a

35 facilities floor of the treatment or production or
etching or cleaning unit, or else on a floor of a
fabrication or treatment or production or etching or
cleaning shop.



30 therefore includes nitrogen (and oxygen) gas or air injection neans, not
“shown in Figure 1. The air, or nitrogen (and oxygen), is injected at the

hi gh- pressure stage of the roughing punp. 35 Preferably, dry nitrogen,

. obtained by cryogenic distillation, is 'gnj_ect ed as dilution gas. Thus,

di lution reduces the problens (explained bel ow) associated with the

possi bl e pr é8encaényentasondualsaorsiaces vikd ch resedess i forhetferbbing on of
noN- gaseous gaged lyi o OstiCd®a ( HESRYr P51 A3 or S OXNy, or, in the case of
tungsten et ching, WOX or V\lrlﬁéadfﬁ or otﬁéé%ﬁ%?obl ens such as the hydrol ysis of
Si F4 or W6, which PWERARS PR 8§BogaS s PEghteBEREr e Athe® RERFEWHE nat i on
pl asma. 5 Theupdtktk {4 DV régea lovdss teespRéri Bepregghirag punp 6 is inposed
by this %i | ution, the t¢1n9i cal fl%at es .encount eé\gd bei ng of the, order of
a few teRs of |itT eI HhuPE (F¥r 8RafpI9RS bat WAL P EMFRY 41T n) of
10 nitrogen mressure wiladmd! ow contains fromO0.1%to 1% PFC and/ or HFC. The
pressure, downstream of the punp, is of the order of atnobspheric pressure,
for exanple between 0.7 bar or 15 0.8 bar and 1.2 bar or 1.3 bar. The use,
at at nospherThe pgassiice, bof taeased arayabes ptemisied rwbkhnia regpenierqui res

a |arge arm_tgas,ofa@ngﬁsgtaﬁtigmwea&%s\%@r@)& R GENEF St | Opampegs 8 and
to 20 sustain the plasma (at | east 150 per centinetre of discharge tube,

for exahBl e BHOIRISED0 ¥ pelifent iiiBiaE ]t drSERIr gBitEpEeac &K di dHEt o

anot her exami-factti povwRsarmd . bet ween 150 and 500 Wper cm of tube may be
selected). 25 The plasma generated by the nmeans 8 is preferably not in

| ocal thernmobdynam c equilibrium (LTE). This plasnma nay al so be one in which
at | east oneThegndorofen herdaschdrage a sdhbttingl e¢dlecthefinndyimancase
equilibrium_dt i u L bl a _m £r.owav r 1y
classed in t%éerﬁ?g%f%é%ag,eggg?b{}hgrbgﬁégggpgr&feag},%lng%r@gvﬁf&é%,gg?géﬁi ng an
appr eci &bl e x®lare fraction of the discharge and in which nost of the
conversion reactions can take place, is substantially not in LTE 35
Preferably, the discharge or the plasna source is of the type sustai ned by
an HF fiel d AWVAHAIRRISHE € M3 LYRBSBERFgIF akSuBheres, 1t h?

el ec';]r ons reﬂh 'mmdaff ﬁg@daﬁbéantdh)e I?hfo@é@d; ugh‘tebﬂiﬂgo 4 hprﬁ:bei }suaaq: fdﬁel d, -
12 ence the ,of.f-LTE character of thesg.discharges._Contralling the

devi at i on fr%%?l}ﬁé}%aéﬁaﬁilgmgﬁﬁirl icb{r]i ﬁﬁfﬁa ugﬁel t A E8n3‘e¥‘&n°8n“8ﬂem stry
to be oRfi mrastidly disvhatde nepntmeaciatonepbénomenbyipr ouet sub&.Vari ous
external operational paraneters have an influence on this deviation, for
exanpl e the choice of dilution gas or the addition in small amounts of
certai n addifh&P¥Reess Bavt ke erAlifd o f reghemdgalTHeagtiiueHtyaal so
has an effe?ﬁehali_’tdﬂ‘l,gl théﬁmdl%é@%\@ibéﬂ gfrdcttﬂ:mg?_sraslsﬁ whiehing gﬁﬂe_ral
increases w.th it. asnas, sustain m.cr owav ie at_at nospheric
pressure haEHi GhOBEnsYET 68 (qarsbm%foéetotrﬁﬁ\l\@e%mw agﬁf. 4%r@’i'zrf‘g%'ﬁd nor e
speci fi2al | ypAfaamed013 to 1014 cm3 in nitrogen or air) , which help to
achieve a 15 high efficiency in the conversion of PFCs and/or HFCs,
including when they are in nitrogen or air. In practice, the frequency wll
be the bandsTheentazd seag8iog? may, Hor example, be a reaction for

the production or growth or etching or cleaning or
treatment of semiconductors or semiconductor or thin-

30 film devices or semiconductor or —conducting or
dielectric thin films or substrates, or else a reaction
for the removal of photosensitive vresins wused for
microcircuit lithography, or a reaction for the
deposition of thin films during plasma cleaning, using

35 PFC and/or HFC gases, the waste gases being in
particular PFC and/or HFC gases.



20 and 5.80 GHz. The band inmedi ately already within the radi of requency

" plasma densities will be too | ow efficiency. chosen fromone of 15.00 MHz,
2.45 GHz bel ow 40.68 MHz is range, hence the to obtain a high 25 There are
. several generic famlies of high-frequency plasm sources that can operate
at atnnspher[c_gre sure, resulting_in_ranges of different discharge
characteri st BELefqdeagtinkion, of the figuress o i sadvant ages, especially
as regards their design and 30 manufacturing sinplicity, their ease of

i npl ement at i for the problem posed, . and theLr st..Wthin the context of
the envi sageiSpoEPRhEFER. PHE [ORFONFAGCPous  yEBS o MEBIFLER nHgLbe used
35 The firstbéygpemei nmorgescheashws spphaened wnt hther esdghnt odvi thes. A

cavity b i el Vv vegi: de Qr. Vi oaxi i N The
cpati ol ot csPURPRE E0nc i, L ELFME) PR D b ctupd S P 160 [
cavity. The plisghraréver exagwiss,y Fhvevt b¥i yayf icdfarexplanakient hut
critical dengjbyyahgt b fIr8QUENCYon N QUERT kaRerdBbek& d Nncpar hpphaba
surfacewave plasim Sources. 5 Also relevant are plasnmas sustained within a
wavegui de, WAFEWiRE§ iR VReFPpe |ikened to inperfect cavities. Such pl asmas
al so suffer from theighegemant igheestwa | idliabatanonsof nageny céhdacang
electrogﬁpensité. 10 Furthernnrg, t he ggxi n1§§tent of .t.he discharge
corresponds PEOBHET 5Pt REUAPRERSI BFSOSF PR tor 588 SEYETA DY t he wavegui de.
Torches represent -aFigurd Rypbowt hi diafrequedcy plasrme Howme;cerable to
be used winin the sophert 9f othe PIsRaRtsARBhACRLLPT, . TR, doaalarpe form

a |l oad which, at the ength of transm ssion e (generally a
coaxi al |ineprodusbi®s phantp.power. A torch can be supplied with power via
a coaxial line or via a 20 waveguide. An increase in the power results both
in an increase in_the de ¥_and t he volyne of the flame and of the

envel opé.> ThEBSERLLEH oR=RPBROE & PER R P R VARG 25

3

operate at atnnébheric bfessure consiéfé 6f fhé fa '|9 6f éﬁrfaee-mave
applicators. . Wthjin the. contex{,of_.a f ace- wav l.as S ) ext ent
of the plasn%h%olﬂ%%e%%ho e Yh%%eé%%rsﬁ%ysﬁﬁ%lye%héFgﬁgfnagg ggﬁn%g'ent

m crowave poeentexnttbhbua Bembepndunsosspaoduct idh pddedi.gn the field
applicator. The density of the plasma in the colunm exceeds the critical
density. More detailed information about these various types of source are

gi ven i #0ChapuehRs & allanbi " provddese 36iEkci fed TIRRTRENT c@YFEET™Y M
Mbi san and JacE@fHﬁhgeer EﬁﬁéV'ivaeeri&Srﬁ,r dé&npiggas,ﬁ&sf!i?%é@kﬁ%e@f the
order of a fewtens of litres per minute of nitrogen or air carrier gas
(wi th PFCs ah@/ Brgure 1, a production reactor or “etching machine 2,
a pumping system comprising a high-vacuum pump 4, such
as a turbomolecular pump 4, and a roughing pump 6, and
25 means 8 for the abatement of PFC and/or HFC compounds,

of the plasma generator type.

In operation, the pump 4 maintains the necessary vacuum
in the process chamber and extracts the gases

30 discharged.

The reactor 2 is fed with the gases for treating the
semiconductor products, in particular PFC and/or HFC
gases. Gas feed means therefore feed the reactor 2, but

35 these are not shown in the figure.

Typically, these gases are introduced into the reactor
with a flow rate of the order of about ten, or a few

tens, to a few hundred sccm (standard cubic centimetres



- - 14 HFCs at a concentration of between 0.1%and Ig or a fewit is quite
" possible to achieve degrees of conversion greater than 95% wi th an

at nospheri cpressure HF plasnma source. 5 Watever the plasma source used

. (apart fromtorches), it enploys a genergally tubular chanber wthin which

t he di scharge is sustained or a dielect Fi c tube within which the discharge
i's gener at edee¥For mérufpl e, ifommyexDe a babecen t RO t 5wl de@Pi bed in
docunent EP 4p814cdéQl. A tube or tubul ar chanber having a | ength of between
100 and 400 mm for exanple around 300 mm and an internal dianeter of
between 4 and 8 nm avoids introduci ng excessively |arge pressure drops
dﬁwnst ream 1ﬁ105e&i§&a$ﬁrrpthé@%t dasds0 ﬁﬁé‘ \Mititﬁhcmyhﬂeae driteiorgat | byfa with
t he roughin unp_6..This i ecause, t he, roughi ng_punp cap in_genera
operate onl %@?th?e‘ab%@?‘égﬂ{ ag?) BLERF &8, oﬁroftg?%g? BOBraﬁEF?'too

| arge a presshie tedpg odo aupund 48¥bprrarjomaupbsgiblygenssaiert heha
roughi ng punps4 o op i ituat | i ppl i catian 44 a
sem conduct rﬁoffro t&ctiiso\rllwaﬁé%g?o%sg dé@%%u??ﬂlﬁgﬁa?céepﬁ;b%esﬁpﬁi‘q earslcei(ggti ng a
suitabl e | endff® Sflowuiratemot hevngsreaowblodmtilze t havgbingheuimp et i 0f of

sol i-d and/ orehd quhedePgsi t5 EBwt NS 6 rEUirew Og@h&HedOWIRtn capyef the
roughlngapunp. Such deposition may occur _and in turn give rise to pressure

drops an@/ orStYPRP i BREVEEBI €0t 8CSUeRENt L]l PY RRPaC e operation of the
production 30 unit and result in it being shut down. This is the case, for
exanpl e, in Legions where cooling is.carried out, especially_downstream of
the plasma. NBTeBUaRE it SERoSSharPES prets (e HEV U s Bikr Gbs ST SRANSE i ¢ hi n
t he range of (dissocasesonsuakl yirmeoeesii e hegpumrbidm) f ewft enbese |itres
of carrier 1L AU , i o] i p (o] r the
el ectron deg%ﬁ?gﬁ%%@%gaggg P?léiré%tqlhg&%&xigé%g&giﬁgg’t Z‘r&perl %he@o?igée t ube
and t helfpl cexpdecef thkexely, -buspredening suchheaperiphengd/encolft er

fewer active;s@pstesigyeraddialr path pt hess, f Low/re ciese éﬂdztﬁ axi s
of the tube. In certﬁzl n cases, the dischar no longer fill the entire

e na
cross secti o¥Pxmd 28R R wRRALSENOE PHQ985p§ ance of several plasma
filaments noving in an erratic manner, so that the conversion yield drops
suddenly. The degree_of contraction depen on several f.actor 10 in
ot oul ar UHRSSPANEREr o T TR FRE MRS AR i PPEschRst" e
i npuritik@s amil sHeuviamowaxpsgashe gl othey mefanshes f bod, fde fhemind
conduct i vi t y, Of of Pee WBbip8finBe LUBE-288111e 1665 kalkied Jd . In
general , allrot%er ?n%g% %%?n{; eq af:, t%g gegreel of e15 cofitracti on
decreases when the internal diameter of the discharge chanber is reduced or

the frequenoycirs ggecepsedllonener plhthadicEmid datdest upeusananeb be
reduced arbitrarily sinc

nce, on tﬂe one hanrctll, t he therﬁal stress on &lhe wal |
woul d i ncr eas¥ 8T r eSPONdPALFGUERE, 9B ohEhe@BEheP RARGESEhetBr e58Gre drop
across tbe pphbssma debontsitimbimmyn oédctedred 1wt flheconeher dhibitillg
dependi ng O%é\ﬂgréft sfrlngyv?é‘gigsgfor exanple in the case of several
e

roughi ng punps being” connec ogether). 25 Now, as already expl ai ned
above, an excessive pressure drop results in the roughing punp 6, and hence

the entire py tEgncuai tact%tdip%ﬂ’lgthéod'{%%ﬂa&b%f nalhdi apeLen1of bee tube
may be selected to be between 8 mMmand 4 mmin O6rder to reduce th

contraction @ FFaFA BenryRabegr €& § Qs biedunird ﬁﬁPeFFrﬁg%Vng an
excessi ge prss utiel écope®nof heheobgbengapynare Bysopelatedgsei &8i Bot he
nost 35 favaourable candi ;DLi ons,.the lﬁigth of. t he gh%%har&?e al l18‘{‘4;921a gi ven

degree of co el si 6A6%n8 ob‘%fai n&fe FedJtett

molecules and, thereafter, as the case may be,

individual atoms, the atoms and fragments of molecules

of the base gas thus excited giving rise to
35 substantially no chemical reaction.

After passing through the discharge, the atoms or
molecules of the base gas are de-excited and recombine
respectively, to become intact thereafter.



- 16 It is therefore preferable, before operating the plant, to select the

“internal dianmeter of the tube so that the contraction phenonenon is |ess

pronounced. The use of variable dianmeter tubes allows the efficiency of the

. 5 process to be varied. Another way of jpgcreasing the path I ength of the
PFC nol ecules_in th charge is to alter the way the gas streamflows

for exanple ggﬁggﬁ E t%&rtéﬁn%%sleﬁ) tHRIGR ¢ heg%t heBRMPhE .

particles cudysisooﬁatmat hahdt/b&n liimrearer SAAfeer aldnireddicon ublsyW thehave a
thi ckness of ¢ nd 15.The tube 1s.therefore
thin. In oper [lgoﬁg %herg?t 2’ %igcg}gﬁ stllé%g%§rhta? fRvenss ghem %ﬁ@fhl gher .
However, it Pa@p@n?meSourﬂﬁiﬁemtrl dlronl asthogesevef al thendr édihdals of
operation) thaiebi 8o000h 0 2 Preletlate gl NELTRL LA LY phe! e

i oes not un egrada

cooling fluid: th|s ergo any appreclable ron,
even over a 98FyPYongStikebleusuberAbest sreabmemsvi ng a thi ckness of cl ose
to 1 nm25 allows optical neasurenents to be carried out in order to

nonitor the operation of_ the plas source, _and especially t
noni tor the n%? tbf Ve he ot unk? A é@% Caj Make nFP?og%ﬁmEQHnﬁﬁ

optically rromesmeﬂnghufwg.h thet uimdrtammg Byt Bhek rees10f8 lré@kt owibat ween

301mn nd t. V\/mchis chm) difficult through,g tube
havi ng a%t hl%kﬁgggég?gg‘al S5Siih ‘Fl%tt)$§8 oS e c?'loggﬂ,lgt hese
general pri nm@d:bsvmﬁdb@rémmtl)edf@n taﬂ qusrness  afid dﬁq;tﬂmjnpﬂ.@Sthe a
greater or '§§§&rc8ﬁ1b8%d's” At W2y &quiewgr% Wh A CLEOGYmehE @

resonant cavity, asma cannof grear! & critical
density, at kP3éa§1he| meﬁffég i 0 (im7faglnf ithed Qﬁ)ﬂﬂf%ﬂé ga¢i thadmsewithis is

because if tiecpawayors Hmr egﬁed,c&wam \A@M@/agd%'v‘cumy ﬁgﬁﬁﬁﬁ.tles
corresp g ins_close conducti ng

ding to sta Slfth
wal l's a |tsgé(ﬁlas Eg F‘ﬁlj‘ 30\5&’1&\919 Borve e‘rfltqiﬁes%%%@% ANEQr f ace
node, the detritsetymﬁ:aeaﬂtmmﬁrgrénaztterwith@ut helamget:a cavitRnERYy. ah@yog cl osed
cavity, the gxtent har the t w'S limted b he size
of the cavity. Theqqforﬁ&% q#,%% %% ea%q'?)sl her%él'?ore ch selnroﬁmx‘r.ﬂg Y
constructi orPreeesien pﬂ'dmmahlxuf fiesentth@msig volfuntheo Dm.analt he

desired CONVESSEOR: ¥heldn) T@%@W@ﬂﬂ%ﬁ ﬁ@ﬁﬁi@@éét R ARGt t 82

dlscharge in a waveguide. In this case, one dinension’of ‘the 15 cross

secti on<8f t}P’%r‘U\H\’rJegl}i”&%“ﬂgtJeﬁ?% nédathe ifaxFRuriaenREI A hechhegal

unl ess, for @m&dml eimip@ver t gpdcdepgndi ks orhbhe ¢onfheHr dr ONegh t he
wavegui de, qﬁ vva]\rlg%é)ropagat es outside the latter, which then becones a

surf ace- wave The di mensi ons of the 20 wavegui de wil |
furthernore satisfy the conditions for the existence of the guided

o
oot ant | al 155 PRECERE If%&%"yth R c2REERRE YoRdd Eloht,
pl asma PPamERSrerfiatiath #%chdmest WhesePaPABRsions ghamgener al |§rQu| te

I ar ge Cpmarcﬁﬂﬂﬂbﬁf\eérﬁloéﬁ‘ ofn t BReN QB L1558 008S tH isug h$h rlbdnﬁ:? or
regularity af the flog/ and the symetr of the fl ame hi s_chanper i s used
to col lect 30'% heTSPPBaNAGH T as PUBRHS t Foby- prteily, selafead difect it
t owar ds t he micstodereat wibh rmarsdcﬂbt:atredgd@wmiarﬁ@m dregda) aidrs @irthe

shape of th 0z nd di rren5| ons of the orifices and the
position i neatl{r:e %:Jﬁggéégg% i0 ) a]% oszf € i nPEoRErofTin }ﬁﬁe system
30 therefore includes nltrogen (and oxygen) gas or air

injection means, not shown in Figure 1. The air, or
nitrogen (and oxygen), is injected at the high-pressure
stage of the roughing pump.

35 Preferably, dry nitrogen, obtained by cryogenic
distillation, is injected as dilution gas. Thus,
dilution reduces the problems (explained below)
associated with the possible presence of residual
moisture, which results in the formation of non-gaseous



35 path of the species in the flame. It may al so be pointed out that the
"flow in the chanber may be optim zed for the sanme purpose. - 18 Finally,
in the case of a surface-wave plasm, the extent of the discharge is not

. limted by the size of the conducting sfyucture of the field applicator,
whi ch consequent|y does not need to be matched according to 5 the desired
per f or mance. PIRRGEHgt{H28P4 t RE dNBhRHeSiR-Mhe Phibe ifhythe iGfEeaREd to
the desired M%@t@ﬂ &DEREAS| NGoY her I ok derdr e ovesrsigl énier edeyas he
generator. 1Q The gas EII‘CUI'[ f %11 of the treatnent nmeans of the, system
in Figure 1 ©8hpriEeLoLi¥sifti Ry 1 Pdhet h€%r ol ng 6, T8 FRLES nel®
conveyi ng t hdemdditiboths gt tbheforactheedpteatamimduienSplialzema.the line 9
| i nki ng the plasma to the by-product post-treatnment 15 device 10 and
finally The line 12 for venting into the atnosphere the detoxified gases
whi ch can beThg s€haided lww hoatte adpwdahgeam Tt t tlese romghiecaddew var i ous
fluid manag nt; ent,s Vs P es FHJF]% a iSO LAdg
utilities fgir@nttf}i 'Eyegr%%cg ‘an}glyssaggﬁy\éggls'orgﬂgo oév%?]f agﬁfblw:n%jﬂég

over pr essur eeRfirsgred hegengorhdihey s ¢h Fi deve tensrhef cliehes

conponents a&r Chasit el O( HSr CerBaiplRl, e Méthedhe 10r 0OSHET S OMIt it CBEL hey
are in tc[ﬁnt act for reliable operat bo 25 Oven-drying or tragpl ng systens
may furtHer Myt e PEePr 8%t ThIVELF &é‘ﬁhs%"{lﬁ@l flél'r?e‘ﬁ'fsoe} rd&Q et®by the
roughi ng purgr®, amdfor eipCcned to at nosphere pressure, do not all 30
necessarily remain in gaseous form The problens are generally aggravated

by the presence of any residual noisture (a few hundreds of ppmv) in the
di | uti on gasThéoprezganpke, dowrSitestc hdfhigtpeogesw mayspoddude sotrder

sul phur, H2 : gt in fl T8y, ngle r . .he
deposited i %o%?ﬂo%%g%}rlghgge%%%?hgfggr ies QFEJO?L I nc?tég%%gg@iﬂzﬁ%]?eggure
drop dowAst ree®nkArt#edplind BarAgralrdsBRY: there is a risk, already

menti oned above, of the roughing punp 6, and with it the entire production
unit, stoppi/,ﬂ%. - 19 I\/breovgr .the dianmeter of the tupul ar %I as
chanber, gi vEIE t18et adF af CRBRPPEELFORTSRENSSenGH & r el Fen??ongdBhove,
may not i n gewmeaint excaétirageut regnimes Borlaxrdeotamodntowf aéeendyt e or der
of afewte Lm (Lapo t r i . U, t liocpty of
t he gas strgjg?%\?%gs?sﬁzg{? thgg tstls‘Pg E%ia é&%xcﬁggggg?rlg) |aﬁng%relgt I%i ;é?’ﬁi(s)l {(-3%) IS
too sl o@0Of orswsainf thite phasmal (eferlgaglendSdt &d pert inendliamterea oobe
carried awayyfycRdegd | Bibe! O t0UidigpideabBarbeio A6 Sor esuht iRbcLbe 10

m crowave power needed to sustain a sufficiently dense plasma i n nitrogen
or air bei nPvedisfitfrIn L3RS idePESOFdEmchaltpy PEOENEXspEKEERL8owndt r eam
of the di schaswer cbanritwddh t 1656 &ad B0O thepgas dns sapitdbe ol eBeby

cool i ng neans,, for gi(arrple by nmeans of a 15 water heat exchanger structure,
in order to ?ﬁ*]e?/%%? he line frombeing destroyed. By doing this, a
preferr@8 region for the condensati on of residues, corrosion and/or

bl ockage of fhe g@ggmgi g;%ﬂesfateaaﬁ 5% eehed meiik hgngs, ﬁﬁ@f&aﬁﬂgrﬁoks a
ri sk of increasihg the 20 pressure drop downstream of "the punp 6. Under
t hese condi tindocadc P YRS epBHd AW (RHEE) nvditionPlaslfke in

all the curreff axbstivw Bhasnmh PWBNER, dtheldgsentsHE Nakh9Bnl @t @he8 is 25
prevented from hei ng operated, w

é'h an ascendi stream y\ith t he exchanger
at the top SrAFHETEACtIr*CEurPhePiBret Q¥Wﬂé¥hﬁﬂﬁ§cﬁq%h RELWAi n§Cst ream
solid and |iggi dhuesighesibipy ket Wdet a tiicpbesva chadder generally
classed in thermal plasmas, but the "envelope" region
of which, forming an appreciable volume fraction of the
discharge and in which most of the conversion reactions
can take place, is substantially not in LTE.
35
Preferably, the discharge or the plasma source is of
the type sustained by an HF field in the MHz and GHz
range. At these high frequencies, the electrons respond
predominantly, or exclusively, to the exciting field,



30 sinply under gravity, and inpair its operation. It has been observed,

" for exanple in the case of SF6 etching, that sul phuric acid, a viscous

liquid with a | ow vapour pressure, wetting the internal wall of the tube,

- . precludes any re-ignition of the plasga ecause of its 35 poor dielectric
properties. The tube nust then be rlnseh and dried, all the npre awkward

because of iBengeonshey. off-IAE |¢haxacherefofe prhgsd abieschardefese

reasons, to ¢eMELr8§e1ing dl r@ﬁé' on @évibeveaf thﬁr&as stw@ﬂm@a?na@laake it
flom1domnmardsgl£€t|ona , n|n means may he provided in ottom

position of £R Beium, aé’e? eXCRY’ §F°@0I‘F1%‘°C‘Pb?t§1’rlf&u &
al | owi ng theoptﬂmndedebydueattoldﬁagnﬂhetdutdrutaﬁn¢hnrmy produetd. shows

treat nen : cco t i.nv.e a owa

gener at of 14705 GtPneVERT St te A E Gl iy oS YTt T Bl eH

pl aced in a shétvenge, omadd ics devxnmnmmlvéona55am@ﬂeammennhm$c¢|béd, for
exanple in d 820..80 Th tr g i's r e
provi ded mntﬁgﬁgggén15gai gE f%?eadfﬁgﬁg%gﬁ hgﬂax?g f%os?&?gﬁggfn§ﬁ
wavegui de pl edgeains afii tfve hgasegsi.ngep! LFs’gér exgitesiral freaueney -

di scharge tubg;sThf Se LAY PALEWEMIHT i A FURIILEr oWaVEhEr aR1ebtrbs fixed
to a sliding_dis¢c 50, for exanple made,of Teflon. The neans 24, 52 20 are

in fact1$bdsd?ﬂ%%tXaﬁfbéhﬁhﬁﬂﬁ?WaacYBé?Ed1Poﬂﬁﬂﬁ¥ﬁiu1ﬁﬁ¥@%ﬁe%drﬁ§ ing the
i npedance ofithe sybaemns|n fuguaendd t hbygasmisrswaws flﬁmemgsdomamards

i n accordanc ai referen 5 nugber
furthernore %I\ﬁ%%ggg%?él sesxrrl%aensﬁ?eﬁetE‘ggglotqegln%ltolsel% cSEgO% trbe gBe 16,
for draini ngl®ech fuat 2e45$d®§s t andhwolyet S@#Cp(fllmallYnéfﬂcmngltm otOt he
ines may injhuepge:thg pakicte esaf dheadd) prggﬁ Hpigh cactdatigve each the

post-treatment system 10 be i ndi cat e case a system 10
with a 360 dhmlacﬁfﬁécaégl@wbém tltéb toruessifg 9:% PR tand 4ar cHBE8 as

possible to iﬁswaﬁﬁgﬁ whbH eheysarteh% It tireeRhS onlag rgaseous products for
which it is 35 specifically designed. The spéecifications of the

post-treatnment system 10 are preferably chosen in order to take account of
the generatipn ofakyipeqdutie f{requesncye willlorbeathdsgas€xrom -okd ofuch as

b2 S 2SRl Ceont PLAT 89°7, 9%, 5SB! C.ods B WA Prgcsscad the
PFC conver si 63 plra use he” depaf t ure from tHer modynaiti c
eqU|I|b&Qﬂn@m@s5n@p ﬁﬁaucﬁh%bb@h@t@ﬂﬂ@§d¢ﬁ¢lebﬁéPWuﬁﬂ¥QﬂIM%@ §st he

‘respective congeniyaty prg;Rf EH@SerQ&lBEQQHﬁEﬁcyFUEEHSEWUrﬁen%%rt%h@
features of the post-treatnent device 10 may i nposéd a priori

r
exanpl e in the28E3e N FERRY WEixilst DiFg EPQnt %Owr et ARGaied athlgg
decont am natéppiseéheds at the user s premses. In general, cooling neans
(not shown in Figure 1) are provided for the plasnma source (especially for
t he di scharge chanber and the gas outlet) and the 15 el ectromagneti c energy
suppl i eg@5 Apﬁheréranmtheevheaﬁalg@naemctcf&mnkm&sacﬂbdhlghrfaéquEanperature

ranges nay %secg chgesexargﬁl g in gltlder Eg@ré)ggvegtt cogg@ ghbgg upon
stopping. T arc itecture of the cool I ng CITCUITS is there pre erably
tail ored so pEessure, resulting in ranges of different dlscharge

characteristics and having various advantages or
disadvantages, especially as regards their design and
30 manufacturing simplicity, their ease of implementation

for the problem posed, and their cost.

Within the context of the envisaged application, the
following four types of sources may be used.

35
The first type involves plasmas sustained within
resonant cavities. A cavity may be supplied either via
a waveguide or via a coaxial 1line. The sgpatial

extension of the discharge is limited by the size of



20 to be able to use, as refrigeration sources, the standard col d-wat er
"networks in the plant. The incident HF power is an operational paraneter
both of the el ectromagnetic energy circuit and the plasnma 25 source. In

. order for the source to operate under_pigpgr energy efficiency conditions
(effective transm ssion of the power into the plasma), it is sought to

mni mze theEpwercavdfivect edhBy tikagfener &le@ctaan t hdersatiyng F@88@8 in the

field applicatoni sisast iye. e3BePapendidg &pRitheatlesugn sl t heyP! agha
source, external adjustnent nmeans, such_as short-circuiting plungers 46

(Figure 2) wWhFeHEIeRRY nove JteBRhéCBnd WRltke wWdveBarddcylazunPhiac®ews, can
be used so agat® Ehssh€ sourees.35 i npedance tuning. | npedance tuning may
be relatively insensitive to the operating conditions (equipnent

start/stop, nulti-step process, drift and fluctuations). The systens based
on - 22 ckldcirslarvantfarecepdaphas 'ssisdegeed twidthisurd acaveguwiedsyst ens
and 1t my Dedadi Galediho QY de ali pBLAC ddinipgaTRaRs stayediLo the
refl ected power measurenent. e refTected power 1S al'so, in general, a

paramet er 5 YUk adlesmasngalae prdifar obEeat i e oRboNemENEsmmeshuEYe,

mal functi ons) genesed bys bei NGaRSPPCi afpde W tdn@N aPpELELSR| € abgEeape in the
refl ected power. However, this is not systematic and ot her physjcal 10

her pl
par anet éPs MY HRETERELt 0 ERSur &3 IPERY  opREeRF ngOSaf e stiBCBRTYRrt ain
si gnat ures cdwrPedondsi ccof qlasE ( eteenBimeudings t £ ethe) , cbsgh may
be di agnosed_b i sensors, ok _abnormal thermal variations in the

opti cal
pl asma sounﬁféﬁ+égl%fi% eigaﬁgg?hg?hernnre provided with suitable
initiation neans. This is because a nitrogen or air plasma cannot be

spont aneous|yo s at gdrabeat MSPRILMC eRRS YH hiIENeLdfudhePOFlahs

established. 20 I'n practice, : constraints
i nt egr atBon PREDeraRion i Pssemis@shdwWatdinf abhiecacraiesi t O HoWB®er, as

a general rylLesdie BHEROSEEiSh! UaiHe ed ASEIRd fha0rbemsne | et WRNcARY be
consistent with the t hads OL qgeratln% theggroqess 25 machi nes ig this
it y

field and with the §8ferdl Fr tRsObf tXamEIEARITorl IRfiuf GRReFR for
exanpl e in tdhecocazkeadf liimedr,mibsstbo®pehat HM wsver dURI G ridke HIOCPSES

phases, with i e /start. pr dur es d.a,unit_for _interfacing the
controllers %ﬁ%&#?ﬁ% HE#%EaH%gV%¥h gﬁgth% e%%?f }on %?%hiﬁﬁ eﬁ%%pnént.lt
i s al so28onpravedeiee t hAnakinggyeagea ishathe apowar oesullésr kyfdrveinofnen

i mposed by tfﬁbﬁéé&&tﬂﬁeéhgf?éﬁEHE9nQHBFQ%ePW%TﬂHé(BEL%%%SEPéﬁéuéﬁdOf the
scarcity 35 and the cost o | oor Space in sem conductor fabrication plant
facilities f?horRe $RVelPRRtrated in Figures 3 and 4, various arrangenments
may be chosen. - 23 The treatnent unit 8 may be |located a few netres

(for exanpl less than 5 m fromthe _nmachine aor, reactor 2 or_fromthe
Foughi ng. punt®. TR thetTRE| PEt e8P EEGAGE T HYREH G T orehtt *oas i n
Fi gure 35 Thepemsie oat 2 aSmoeplelriics poesdwck | aohbéstabafcathonfshbpy62
of surface-wave applicators. Within the context of a
surface-wave plasma source, the extent of the plasma
column can be increased by simply increasing the
incident microwave power, without it being necessary to
30 redesign the field applicator. The density of the

plasma in the column exceeds the critical density.

More detailed information about these wvarious types of
gsource are given in Chapters 4 and 5 of "Microwave
35 Excited Plasmas", edited by M. Moisan and J. Pelletier,

Elsevier, Amsterdam, 1992.

For flow rates of the order of a few tens of litres per

minute of nitrogen or air carrier gas (with PFCs and/or



In the case of Figure 4, the treatnment unit may be nore conpact and
" i-ntegrated, with the vacuum punp 6, and as close as possible to the
equi pnent 2, on the floor of 10 the fabrication shop 62. One particul ar

- . illustrative exanple will now be given. 1kt _relates to a surface-wave system

for an SF6/ etching reactor. ,15 1. rowave, cjJcui d fiel

appl i cat or. Céﬁgscﬁgsgn%é)?& 2ot Oy é’cfugrﬁ%)"%’s % ‘@—é r‘éﬁs?egeﬂf

m crowave powkr suktfi dissntgibtet hpoappbleat iton 2ArHisexer alled¥ess p@ssi bl e,
at this freqg LNg vegui de, ge ally.to the 340 st andard,
having a cr o‘ggﬂgégﬁﬂ%}r} oig%re\é%s?%%ab earéi zgS%ThéMftlthel aa%p\;;\%@a%ﬁgrﬁﬁ{/ be of
t he surf atroprgasdeeolFspliagai deutrgpe, the latter providing greater
sinplicity. A surfaguide 25 allows excellent inpedance tuning nerely by
adjusting the position of the novable short-circuiting plunger. closing off

t he wavegui d8Rateres &he RBiFBut SPAFCSy Yedsdararhr decaer Barahesher . 30
The m crowavet Cemplbyst BebRneHR1APMIRAST ~cliafb&F OWaVei ORI 8hOthe

(swi t ched- noge 8gwer su gl y and Jg}af?é;etron he%g) wi t h adj usbabl e, power up to
a maxi mum pote? ?rgekvﬁ Al t 8% witt h d SAECEF iGhaFyeSsuisBiB for 35
di ssi pati ng wiAichf thiee dddlestpsl pewerenesxmtidit Rone esample,S itet maged to

t he magnet - a for asuring the incident..power .and the ref|ected
power ; '1%_ czlﬁe - a{rﬁeggﬁfef agclgjrlPde%fhleel dE%{BSI i caefsocfr,lk?%%\gt &y ?HUWEEL
dielectric diBchafye 7abe, Actoude ont itndpulesr pthamesduacing-af lenpkh, a

ToVaDl & ShOrdr CkEUiciicy R UBART 4o BT F6fl BkaiBng ArdBAAT 266! ¥,

the end of the wavequide, for_|npedance_tuning. 2. circuit. 1%5] This is
basi cal | y nedfedofla lgesticdl Feagratamt of oPerwerRudr iand e8 W8y r 8¥pPids

products, i.gentBo@AtYAGr eﬂEebQQv@YEF l@rrd%':'@)ﬁdé@iréx&ﬁ@%sfwahb@réﬁ_ﬁﬂ ve
parts of _the gl gga sourc 8.,and the comp n.e%%)s V\hf(ie there is COﬁil derabl e
heat gerérat?bntPEuRH™Rs £REC miediCatiaY h Yo+ Lahe| fRecuPakdRle

conti guous vwitht bhedirethdrigey tpungy 6hi Thisens hamdesofthet ablghiag
ceramic materials. e t si t o] rvac , 20
syst em of bsé%%sc\?a vlelg aﬁ%h@r%e-%gggg%véﬁor};tﬁ?gg’tm%%%g;?n\?’es,g '
dependi ng orPré@sevemérepabfavdi st iX00 otbasti ttadd elzoa@oacpreRsuukes it

possible to gvobd the tpeatmant 496st@ayi a dNGs0ap Sikeagehorhie eyent of
an operating incldent or duri n% mai nt enance 25 phases. ese val ves are
t

p )
mechani €8l | yrOrIRIRSt r M v FRt erfRd s¥hdsh o PEEVRRECRNY idfbppsFt une
closure of taspkkbatsdén whhchawoskdi candectbe ppesaueeiba risfaeandikhe punp
to stop. The P%gsma gegont anmination unit 8 itself includes nmeans for
detecting an?/ %(é%% p Bs8GrePs0 dr ops. in the stream of gas to be treated.
The di scharge tube is a double-walled tube, the cooling being provided by

t he circul a?%%%é%%ﬁﬁfﬁfﬁ@é&ﬂ 3 Hig ecéfi G HéJi daH?%HE?nS of a

hydraulic 3 ar punp. I's’1n turn cool ed conti fuously by heat
exchang@5wi threlkeBold Faphsokatde darmadrian tof t9el idcandl peslbfuife

sem conduct Aepdd] t £ 2t KO HEN §as The reRNl al odabed WOWERRERGM VWi hehhe
pl asma, is nmade of a swtablg ceram c material, which is a_.good

roughing pump. uch deposition may occur and” in turn

give rise to pressure drops and/or corrosion liable to

substantially impair the operation of the production

30 unit and result in it being shut down. This is the

case, for example, in regions where cooling is carried

out, especially downstream of the plasma.

Moreover, in atmospheric-pressure HF discharges, and
35 within the range of flow rates usually imposed by the
pump 6 (a few tens of 1litres of carrier gas per
minute), a radial contraction phenomenon may occur -
the electron density decreases from the axis towards
the periphery of the tube and the molecules of the gas



- 25 dielectric, refractory and resistant to thermal stresses and also to
"chem cal attack by the corrosive fluorinated species. 5 On |eaving the

di scharge tube, the gas may be at a high tenperature since the

. at nospheri c-pressure nicrowave pI asrra gkt hough in general not being in

t her mal eqwﬁ_ brlum is pot a” d' plasma simJar to |lo ressur

di schar ges QWyRe Rk F @r@]eé'fll@ Sé’l @&C%&P%‘Frlof%ﬁ%ra%a eﬁEﬁﬁh@%r

bef ore bei ngosent thais phehdenaat teasel |ﬁ1e>w1Tiy &mmé Itﬂg ﬂmsf aﬁuseof

| ocal ly, the ﬁg”?ﬁﬂéat kan g of Iaiigui % ar s%l i d ucts l| s desirable
to be able to corlrect sUi CSBFSIN Fo8FFer rpc?t e Hga%lla?lt BBEHY

bl ocked. Forfihlstheasemiing tioss eselgt expl ZﬂnﬂdeJaBO\tEh,eII hwl'opesaEBon is
carried gut yih, %?9515&889' g Stueam \glta@nﬁalhefl \91%%5/ a low
position. A suita tap-of f nmakes it pPossi en necessar to aral n
the col | ect o@r’a%t%%guv%ﬁn%t erffal $haty the deeryersdoror yaeder adrePag t he
corrosive flg@dd@mfd gases is preferably installed a short distance
downst ream of the asna. is a cartridge with a solid reactive

adsor bent, prefer abI y desi gned to 25 fix nolecular fluorine, which will be
L hg mai n byﬁrmﬁUSEgF:eet heef etchtﬁgcolioal eﬁp?e”rgispr Oﬁe%ﬁ?evdﬂea Rﬁacusesyvat er or
ydrogen., The be so-retain in a ess nount etC|n ucts
such asegl F4 % r PRE 1°8%8r %ﬁeer %’r%‘&%’éﬁt %f%dgldrlpg f EOR Y '%F%

pl asma or 30chée dddedritcani gasi orths asm@ursudhsasazﬁZDZZr,d:;SﬂéZ;t egeseﬁhe gas
circuit incluges.a;pugher Of pROughly 0 t ﬂe‘Bh. @tc%n&{étvmeéﬁ'g gs,
making it possible_to iSolate, gurge an e various parts of the
system wi t h &e 383l hef tubep@nds, tl@%o??‘ﬁgt\alt&io@s fgeugnCY ThEnwat er

flel i velr edht Cgéﬂi'@rfﬁpl lai i eétl@ért mhlsr@gl ceeﬂlggz ﬁz"qdafib“ I@aél @rzleg&ldeaéﬁlg o{fﬁ used

0 CO00 e swi_t ched- an e netron head_o e

gener at 85% t‘ﬁ%ma{%?te{:??Fge?rg?ﬁe?owggg‘o?épﬁg HHE T : YeetehePhintehe gas

on the out puliscldergé tbhambasnaltsubeed'ﬁ@ee]xt ract tihe hepéghiensyt hes

dielectric f er he ., actu ns,is.u ed in 10 cl osed
& g%s&@ HE 8@%& }e éﬁaﬁé§9¥n§f %ng nd caap?%egg

circuit (abou in“a™p ate éxchangetr ase of
t he gener at oreduced sanbitdaesitubkénte, r iosk téwenderes dtand, ptﬂetnohhaamahat

could cause é&”@ééscbﬁc%hfes w1l %uar?h%he%e%ebec&fféﬁaﬁﬁ@ﬂ,u fat he

"t own" water at about 20 ! circulate’in succession In'the
swi t chedPnod¥ pbliRr O§hEEI @amd tHhe NREREEYER AEIW, aaTPITherhe nPipgma
exchanger - ccﬂé@@ﬁ@amimienfrgaabberpl 8sMnight prissddme, phbRibiEwMe Wat er

will also co m a clos Lr ubt and its . te raturel preferably 20
regul at ed ce%EFr’ ‘i?%/“?foé‘ It‘;l?eg ﬂg erﬁbwnﬁéﬁﬁng@&e VEXBE‘BE |n]§af'ﬁgd 4.
Exanpl e of td¢mserocdss aevepelf ormongleing5 Ayniss mnabedagnt andnaécbadsyst em
according tq.4 lllél_.élﬁntl on, was installed as shown in the diagramin Figure

1 downstream of an ALCATEL 601E pl asma etching machine 2. The chemi stry for
et chi ng28i ngl e-crystal silicon used, in sequence, the gases SF6 and CAFS8

(14" 30 3", &y, eaarralle)aawyt Qe:f;ﬁ%?éd VELE AW hal &Scfsdiffl sefénseage%
sccm In pra tice, é‘é passi rl? t hrough t he vacuum punps 4, 6 and the
out put |ine, IECP% §&8 te°f‘nt ePed e rrﬂuggﬁﬁl%Spb‘g‘Eonfamaﬁ&h B5OGRi tEBCwi th a
concentr at i amtalses goeshiwyietoh i ukeit W sboppéngoncentrati ons i ndi cated above,

the SF6 entered the unit 8 with a concentration of 90 sccm acconpani ed by

CAF8 with a concentration of 24 sccm
30 The internal diameter of the tube may be selected to be

between 8 mm and 4 mm in order to reduce the
contraction and obtain a high degree of conversion,
while not imposing an excessive pressure drop on the
roughing pump 6. By operating within the most

35 favourable conditions, the 1length of the discharge
allowing a given degree of conversion to be obtained is
reduced.



- 27 The system 10 for neutralizing the fluorinated acid gases was a

- commercially avail able cartridge of the C eanSorbTM brand. The stream.of
gaseous effluents was anal ysed at various points in the system by

. quadrupol e 5 mass spectronetry. The ALCAJEL etching process used the PFC
gases SF6 and C4F8. The exhaust from_.the roughl ng punp 6 was diluted with
dry air (appfbxifratbeyefore! 3 efshakds dkeor®)onerating shenh PTABLSF6 and

CAF8 concentt@ts@macwet@ewa@@érﬁéuﬂamaméﬁéyndﬁ tie ©hsdi 88 €hatbehe?
('hi gh-densi t¥8| CP source The deﬁ ees destructi on

decont ami nat F8RE Pﬁgﬁﬁn\/\@*}?r@é‘f t &8 gs[shé);%x@tbn%@ thgt}]’@ori"&%%t PEtion on
| eavi ng the sarﬂabllasrdiatmlatiéhe tabeencenl sws | eheoneefietengyt ef sahd

pl asma, i t.ingluding the prior dissociation by the etching
process |tseP¥$EQ$% u%pu?’ FgS the decont am nati on plasma 8 contai ned, 20
apart fromthe residual concentrations of the two PFCs, the follow ng

by- product s: p phFAer FyayCFE 1% %ﬁ 2% on L. ugﬁter PRSSiebl Yhe Hgﬁgecause

of the residual noisture in the SS|ng over t
neutral i zat i BALRER{PEdd® fdie fHiRCRATINCER BOI PILSM sthPS vRngeReusaeo t he

air was presgafeam EméwgasﬂﬁﬂEEKampI@ By CgBaerhEakht %(ﬁéﬁﬁé& &bagst he
averagei_g {_‘mtln eéﬁosur val The de of abat, nt of CAF8 was
Ok

al nmost Qudathong nttrhzﬁlB?nr é?ﬁﬁsl é‘é‘kr“f S Heteeti on

noi se | evel .tHae Hineaes of abatenent of SF6 are given in Table | for

various conditions. It may be clearly seen that the degree of abatenent

increases with the incident mcrowave power, that is to say wwth the 35

extent of therefesablyegitdie tubemywidllsochbveseenthhaknehe deSt amotindn

efficiency, alinothephetfBES108HAT1€gURL,, | NCreases when the dianmeter of

t he tube decreases. Furthernore, the direction in which the gas stream

flows - 1&scendi ng or descending - has little - 28 effect on the

destruction ehéi citeney, butlﬁﬂgxhﬁdr@os&hhh@ toxﬁVOb@éﬁﬁﬁﬁBﬁlriahé

al r eady rrentl oned agove m_| ar resul{[ re o talj;ﬁd t?/{?ph hi her fl ow
e

rates of SF6-T 3-366 socfcn)ltgndeﬁ?ﬁn% &€ di-Putd 6 slm
and for ot heHo@Eﬁ‘er,smthhas Beed, fkd GArm @GR4 alHFBaseing é@vénaIabI el,
t he ' proces d the | f, er or nd d

inlet” denots%%mgﬁéedl n %?&%fs t he trgé(é%r?gﬁtotngewtée{gg Jf%l%%e Iécg%s ‘ﬁ&?l on
gasAddi 2i0vepgeredbte déder Udreonalibetobra itvowsEethe cooling fluid:

f 1 owAl r N~0~ DEED P~% 1) Bat egphake, (@ldP (elyidst (kVXﬁyVVpaggeéé§359éinletin
l et (sl m(sl ~1~-170-2013703701707530-- 370 ~1~-170 13973 .

5981707530- 39 y@N L 12VER0OYET12 BEBY 1°§§9£eﬂfh 30030- 0. 453. 5773. 5778
~3~-20020- 0. 33 . 5973 . 59710~3~-20020-0. 33.5813. 58112

- 20020- 0. 33,5673 501L4) BeasHcemsl on Al aaabesl. v NopLLL opaetchyns

process(2) ora nmeasure gscendi ng et reang oratory
measur eldeént a\llﬂwﬁie§§§méﬁﬂag mstasaemneTie | twehei oarrdedpenit désceicded wit hin

gge ggg;sgt e5 RoflaBkertire fFobBE RRIUTLIR) OF ehehigih&fla SEBLEeAJuct or
i and especially to monitor the length of the column. A

plasma in air or nitrogen can be optically monitored
through a tube having a thickness of 1 mm, or between

30 1 mm and 1.5 mm, something which is much more difficult
through a tube having a thickness of 2 mm.

Depending on the type of source chosen, these general
principles may be applied in various ways and may help
35 to a greater or lesser extent in optimizing the

conversion efficiency.

In a resonant cavity, the plasma density cannot greatly

exceed the c¢ritical density, at least if one is



- 29 It applies in the same way, and with the sanme advantages, to the case
“of a chanmber or reactor 2 for the production or growh or etching or

cl eaning or treatnment of sem conductors or sem conductor or thins film

. devices or semconductor or conducting of dielectric thin filnms or
substrates, for_exanple silicon substrates during the fabrication of

i cr oconponefPREBREH EPodtue @avVit¥smodes.3dlhig apsbegimscesit afBen with

the sane advpswegesigs deseehbed, aboyefats-wheecapedeh amé?acb.ﬁbefa%
removi ng photosensiti%ie resins used, for m'crocj#c;ﬁi?’t‘9 litho rag é .or else
in the case OPFASPRABEOPIf &i° SSTRIILRY | WGVESi m ¥ | Yy pfaeiaie

cl eani ng. ebo 88409 5&ondictimCTMERAA 0BH01 i€lsAl ¥Rdé., Syshesllang
treati ng.gas I t |, comprising,, _-.a in 6 th utl et
of whi chsi S ‘g%végS%ﬁ?lee@tﬁsee'su sta%él]af:fa?eechgl og% n‘%é]%hé“r(%%e’prglslgur e; -
neans (8), déemsitgam=falWeypumgredtrr ctban nghan catirdsptler denpieysure
plasme. 2. Syskem AeRidll N X:f] 8RR Lext BRe BN af Sindfagenennti ng
pl asma conprising nmeans (14) for _producing a high-frequency %I scharge. 3.
Syst em accor &itfg T aem binitrd dibychilRge Bt gOpr otliR e Fatity f r EfGency

within a banteggfhr ecoon theA33198tdz 0fs 91l fire. 42Hdder Sb§0 Gz
4 . Syrsntat%m accor di ng to one_of Cains 1 to ?a t he ﬂ&gns.r@}: fotrL generatl ng
a pl asmaconPPReFRECHIPBsondRt TvitSy. PEOVE A Sfst BHELEEIRTEngPLBEBRe of
Clains 1 to Bolumhdetoeahsaifl) ther dgeneedt cogvaerpliasnyiedmri si ng neans for
sustaining a plasma within a wavegui de. 25 6. System according to one of

Cainms 1 to 3, the neans (8) for generating a plasma conprising a torch. 7
Syst em accBbréi sgmeo tme odf Cegings denad idn apelieanso( 8 €bschemgeating a

plasma conpriging aasebldee-Ways 3%,@PPLaGal Ofone dimension of the
15 cross section of the waveguide determines the maximum

~ length of discharge, unless, for a sufficient power and

depending on the configuration of the waveguide, the

wave propagates outside the latter, which then becomes

a surface-wave applicator. The dimensions of the

20 waveguide will furthermore satisfy the conditions for

the existence of the guided propagation mode at the

frequency in question.

The case of a torch is substantially different, both

25 the inner cone and the envelope of the plasma flame
emerging in a chamber whose dimensions are generally
quite large compared with those of the nozzle, so as
not to disturb the regularity of the flow and the
gymmetry of the flame. This chamber is used to collect

30 the stream of gas laden with by-products, so as to
direct it towards the post-treatment means located
downstream. The details of the shape of the nozzle (the
number and dimensions of the orifices and the position
in the cross section) play a role in controlling the

35 path of the species in the flame. It may also be
pointed out that the flow in the chamber may be
optimized for the same purpose.



8. System according to one of the preceding clainms, the neans ( 8 ) for

" generating a plasma allowing a plasma to be produced with an el ectron
density of at l|east 35 1012 cm 3 or between 1012 cm 3 and 1015 cm 3 or

. between 1013 cm3 and 1014 cm 3 . 9. tem according to one of the
preceding clains, the nmeans (8) for genérating a plasma conprising a plasm
7 32 dischaFgBatdlle hali Mg GaRst hOdf BetSWEiRADOVaNE amd 0B mmEhe).

Syst em accor dikBgnk0 gmeriof amgcaaegedlﬂg Sl lﬂﬁmléeah%yr% éﬁiefe{f |
ashe_dl SC an_| nterna

generating a plasma conpri si e tube_having

di aneter of Bgﬁméé’ﬁldélcﬁrhnﬁncﬁ%‘%ﬁﬁurﬁ o%y%%nfh%%ﬁrapﬁblﬁ%ﬁe ¥hiche

pr ecedi ng clhabrre)aqm&ntng rmﬁg;d L8} frxe][edgetneraél m@t&:k{échsail@c@ﬁﬂpﬁgﬁttﬁg zg

pl asma disc e 2 means neratin vortex.in the_tube.
12. Systesrsn agé%r %E%ng 5)ne ot "the pr ec d| Ny © ?rg eli% JRECRBAAS €8) for
gener ating athashubeormﬁy sibgy dnplraeweddi Sohatlgje tdﬁb&al:(@@) valhe gy to be

treated paSSEHQrE 524G h Eﬁ'es &H@qd@? Eg. ﬁosvér-cac 9%%&0rg§,ngth% t he

preceding claim dral |ng 20 neans In the bottom position
of the pl asnﬁeﬂéﬁéte%) . 14. System accor ding to one of the preceding
clainms, conprising a reactive unit (10) for making the 25 conpounds

resultin fromthe plasma treat (8) t for the purpose of destroying
them 15 Regg]f:' i tLESHDFI & ﬂgani\lré?gctq EREADBERE2MEGRBIRE éHCat

| east one pesf{bueml natred KRede or 130 caymirdfsesqr oyt {diFCErgms, thed
furthernore [ncl g stemfor tye ting erfluorl ated s (PEC) or a
hydr of | uorocgrﬁgﬂghg E? ) dcc%gal ng r?o gne ?3’5?%\3 %ﬁ g‘th Uni t
accordi ng toigtai nt11€5 nelee triszect pd)nsmlaamb@dule) g or rheg pahe of ireguiSpnent

for the prodyghicRgor :GkOW fha G OGN AT 1El gucdﬁg:tor pbheat iRt rhe

seni conduct or.” or "t devices or senic tor or-conducting or
di el ect i% t APHiFRI A9 AndubtRdhtvsther line 32 QB eveRthggalntactde f or

remo;/l ngfphogeﬁaéﬁﬁhblﬂéeth%Sldféi:ldd@.Qg.é‘d)rga@él-‘é Qﬂhi@h‘léahlbéoaf‘l@@hﬁr g a t
reactor for deppsitin in fi yring pl as n|n i prren
for product n§SBASHFof g SBRSsh ey ies Y rge of ?éagﬁﬁgoyémfggﬂahctors
or sem pondumanagemehhl redmpcmeielm ce{byepasemmh@hamt ahds ybstd i@ s ,and
cOMpriSing: 1581LE3050G3) ch0l HATYE 10 B ON 004001061 SUIG, Y

cleaning or frea Sem conduct ors or sent conduct of
or sem @@nduéﬁé@woifaééﬁdmd ngverprdessucer ixlatmsy) f i tineser mobsbedngs, or

el se a react ghohfl 1heMYLRG ANOIARENSI FdVf: FEShPSnaised LPE Bhekenl kouit
| it hography, or a reactor for
be compatible with the products with which they are in

contact for reliable operation.

25 Oven-drying or trapping systems may furthermore be

present.

This is because the effluents extracted by the roughing
pump 6, and returned to atmosphere pressure, do not all

30 necessarily remain in gaseous form. The problems are
generally aggravated by the presence of any residual
moisture (a few hundreds of ppmv) in the dilution gas.
For example, an SF¢ etching process may produce solid
sulphur, H;SO0; and HNO;, etc. Certain effluents may

35 condense or be deposited in solid form, thus running a
risk of increasing the pressure drop downstream of the
pump 6. As a result, there is a risk, already mentioned
above, of the roughing pump 6, and with it the entire
production unit, stopping.



15 depositing thin filnms during plasma cleaning; - first nmeans (4) for

* punpi ng out the atnosphere in the reactor; - a treatnent system according

to one of Clainms 1 to 14. 20 18. Equi pment according to Claim17, the

. treatment system being | ocated |ess thapg5_netres fromthe reactor (2). 25
19. Equi pnent according to QJaim 17 or 18, the treatnment system being

| ocat ed on aPREPVEEr eLHa 0Bt 28BS 0P Lt He$r BHRELAEN RY2HpdwERaBPEEY chi ng

or cleaning giveneattieat widial30 20ntEQWitR@RNt peeabiichont O &) akgyf7 or

18, the treatnent system being |located on a floor. of a prodyction _or growh
or etching o'PeBPéaﬂfgag aggrO\fer'eaWﬁ%ntrloghobn( FEReTRs K¢XCPRgc AROYYr LBPeat i ng
a gas, W th phasRar eonptiadi fdow rpitepiofy tife tdwedegasof oaxfbwi sgnkshefgas to

a pressure ap4ms [ r ure, i.ning inmpupities, = treated, in order
o subst ant | 2Ty el Bty SOULRA IR 6| ho thn T HhES Y ok

at nospheri cptb@sﬁﬂa_@ pitasram 22. sRebcdswtacthbedhegtt ex@lmgel (rafiéagas to
be 5 treatedy,g9pt &1 fifh D3N FECTe RS g18l Stg@ftg@@tg' by %H@Seﬂsglnal

pressure, with which the inpurities are m xed. . Process according to
O ai m 22, theNeEPY| GENGXSTES bR n§hei (RIRRPR o Caibe garrpegc awauicByr di ng

to one of Cghesf2Lildo 5% ¢b6lHG BAG Rhandfder RYNBI sl d | OV eake of
ne, of Clains 21 to

between .10 and 50 1/ mn. 15 25. Process according to

1b

24, "t he WopU ETRLTEB BRI EEn e dRel TooPRRARAE dast ChReS LS b Sqnee

hydr of | uor ocptdsmagasin HRC tr@ge26. d2r ocess adedndy ngveeyonéiath,Cl aans 21
to 25, the a g n [qr F8., . 27. Process
accordi ng tg@%%%9%$§%§%§n%%gfggg&gégst%5§%$a§%g6§54%§ﬂﬁﬁﬁ§%ﬂef iﬁﬁg

di schar ge t ubks¢Raygehcdagive2s vt chhife npasem t othe geeatisl rhpadly
downwar ds. 28,oP5@cess aeeqri%ngm%&rllgﬂe Ar Gef@ea 1e! 19 Headd® Jasgs to be

treated_having, after punping, ow rate of bétween”10 sccm and 200
sccm 36520 VP ¥E eR8aE cEXFHRRGST 0 SEFRCHNTE ailis P9 % BB, PER¥ERF akha
treatnent havimg taken hdiace deseréiyeahamye dobeg thessaid pre€essed -
1neluding a pLyobn St £8r Of B COLASAL8: S6AMLET 2Lalli8s! UPEo2RoETH0 1M !
and/or blockage of the said line is thus created, and
hence, again, there is a risk of increasing the

20 pressure drop downstream of the pump 6.

Under these conditions, according to one embodiment of
the invention, wunlike in all the current existing
plasma plants, the decontamination reactor 8 is
25 prevented from being operated with an ascending stream,

with the exchanger at the top of the reactor.

Furthermore, in the case of an ascending stream, solid
and liquid residues may return to the plasma chamber
30 simply under gravity, and impair its operation. It has
been observed, for example in the case of SF¢ etching,
that sulphuric acid, a viscous liquid with a low vapour
pregsure, wetting the internal wall of the tube,
precludes any re-ignition of the plasma because of its
35 poor dielectric properties. The tube must then be
rinsed and dried, all the more awkward because of its

geometry.



35 phenonena of radial discharge contraction in this tube. 30. Process for
“producing a chemcal reaction in a reactor, the said reaction producing or
emtting at | east one waste gas, and then conprising a treatnent of - 35
.this waste gas by a treatnent process_aggording to one of Clainms 21 to 29.
31. Process accordlng aim 30, the reaction being a 5 reaction for the
product i on ofEgr it h B?r% Bﬁ?ngpﬁ?fEF@EﬁFmg &PTt r EBERENt TERS9B/I cofBuct or s

or sem condugéveree thien-diidgotdedd ced ﬂlo@eme(mﬁU(ga(H St reandandi wg or
dielectric thiﬂ fi.l M8 (ol S bstrat el se-.heing,a reaction_for renoving
%ol it Etlow

s, qar
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for depositihg tp”nmufdetdrs idurilng plodsmm cheant hgn tm,t' mehas tofbe, for

per {1 uor isnat g (BFE) ANILOLHaYALOTL %g&g)%@onsétg% Edddashe gases

cont ai ni ng or ng perf Florin and/ or Iuor ocar C 15

gases. 32. Ptégesd F@ﬁlﬁﬁéspﬁ@ddé‘ﬁll@nt@r tdeo Wtk t@rm@tQ:Jmtng or cleaning or

treat nent of sem conductors or seniconductor or thin-filmdevices or

sem conductor ,or 20 conducti ngq or dielectric thin filns or substrates, or
t

for the renoVABUBE phot PRI t5RRAYBRR s HRANE f & rﬂ%%l {£9 i £R&gr aphy,

or for plas rranoéﬁambﬁg, comprising -a a wiewive ea@ém@ﬂa%rt hea, a
sem conqtbct or S OI’ T. strat e resins or

fil
of plasma cl LN 172185 abgpﬁ 8r61r"| it ag(?e( E’Sear?og ﬁg\éﬁb"ﬁ%%’f o¢&r bon
(HFC) gas, |p1aceéacm)ra sleeve Ny pumadee @frraspita'rchadtrmtmetee'aaﬂor (2);

- treatment gfgthe Qégcﬂbéﬁe %B@%&%ﬁ?‘ie ’1511 c%grbefneta?#“ Wi gyl asma

using a process according to one o Process accord| ng
to Caim32, the perfluorinated (PFC) and/or hydrofl uor ocar bon (HFC) gas

entering thergbsr Q@QEQEr%LBqu@ QW rﬁlﬁ:&frrﬁ@fé"ﬁ?ﬂo&?dé&CWhéﬂdméggssCCm
34. Procgess according to one_of CJains 21 to 33 he treatnent of the gas

by the pitasné?conpfi si t RAJust a9 GFBeocipdiadn AT Hel PBpuPEti €88 n the
gas in orderwavefolder eptthy€rcodpountls. &5. d?re)cmlaig:omm@etxo @sai m 34,

conprising a ti of .t he eatlvec aqunds, f or ned WI reactive
el ement for ?%%x%:ﬁl? c‘)'ss)lendbf tglermc\gn ng THem %%rﬁ 't h@hﬁgs 0D pBiPPS&E
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] ca] cTa! purpose of adjusting the impedance of the system.

In Figure 2, the gas is sghown flowing downwards, in
accordance with what was explained above. The reference
25 number 22 furthermore denotes draining means in the
bottom position of the tube 16, for draining the liquid

regidues to the bottom point.

The length of the lines may influence the nature of the
30 products which actually reach the post-treatment system

10. It may be indicated, in the case of a system 10

with a solid reactive adsorbent, to locate the said

gystem as close as possible to the plasma outlet, so

that it treats only gaseous products for which it is
35 gpecifically designed.

The specifications of the post-treatment system 10 are
preferably chosen in order to take account of the

generation of by-products (corrosive fluorinated gases
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the power reflected by the generator and the heating
losses in the field applicator structure.
30
Depending on the design of the plasma source, external
adjustment means, such as short-circuiting plungers 46
(Figure 2) which can move at the end of the waveguide
or tuning screws, can be used so as to ensure correct
35 impedance tuning.

Impedance tuning may be relatively insensitive to the
operating conditions (equipment start/stop, multi-step
process, drift and fluctuations). The systems based on
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5 characterizing the proper operation of the plasma

source, malfunctions generally being associated with an

appreciable increase in the reflected power.

However, this 1is not systematic and other physical

10 parameters may be used to ensure proper operating
safety, such as certain signatures characteristic of
plasma (extent, luminosity, etc.), which may be
diagnosed by optical sensors, or abnormal thermal
variations in the plasma source. The latter 1is

15 furthermore provided with suitable initiation means.
This 1is because a nitrogen or air plasma cannot be
spontaneously initiated at atmospheric pressure when
the HF power is established.

20 In practice, there may be constraints associated with
integration and operation in a semiconductor
fabrication unit. However, as a general rule, the
proposed structure according to the invention may be
consistent with the methods of operating the process

25 machines in this field and with the general practices
of semiconductor manufacturers, for example in the case
of intermittent operation only during the process
phases, with suitable stop/start procedures and a unit
for interfacing the controllers with the pump and with

30 the deposition/etching equipment.

It is also compatible with taking up a small amount of
floor space, often imposed by the structures of
semiconductor production units because of the scarcity
35 and the cost of floor space in semiconductor

fabrication plant facilities floors.

As illustrated in Figures 3 and 4, various arrangements

may be chosen.
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10 the fabrication shop 62.

One particular illustrative example will now be given.
It relates to a surface-wave system for an SFz/C4Fs

etching reactor.

15
1. Microwave circuit and field applicator.
The chosen excitation frequency was 2.45 GHz. Transfer
of microwave power sufficient for the application
20 (several kW) is possible, at this frequency, using a

waveguide, generally to the WR 340 standard, having a
cross section of reasohable-size. The field applicators
may be of the surfatron-guide or surfaguide type, the
latter providing greater simplicity. A surfaguide
25 allows excellent impedance tuning merely by adjusting
the position of the movable short-circuiting plunger
closing off the waveguide at its end, without having to

use a three-screw matcher.

30 The microwave circuit therefore comprises:
- a microwave generator (switched-mode power
supply and magnetron head) with adjustable power up to
a maximum power of 6 kW;
- a circulator with a water charge suitable for
35 dissipating all of the reflected power, so that none of
it is returned to the magnetron;
- means for measuring the incident power and the

reflected power;
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operated by hand or motor-driven, at the end of the

waveguide, for impedance tuning.
2. Gas circuit.

This is basically made of a material resistant to the
fluorinated corrosive products, i.e. a polymer of the
PVDF or PFA type, except for the active parts of the
plasma source 8 and the components where there is
considerable heat generation, such as the immediately
downstream line element contiguous with the discharge
tube, which remain made of metallic or ceramic

materials.

On the exhaust side of the rough-vacuum pump 6, a
system of by-pass valves (a three-way valve or three
two-way valves, depending on the commercial
availability of suitable components) makes it possible
to avoid the treatment system via the gas stream in the
event of an operating incident or during maintenance
phases. These valves are mechanically or electrically
interfaced so as to prevent any inopportune closure of
the exhaust, which would cause the pressure to rise and
the pump to stop. The plasma decontamination unit 8
itself includes means for detecting any excess preasure

drops in the stream of gas to be treated.

The discharge tube is a double-walled tube, the cooling
being provided by the circulation between these two
walls of a dielectric fluid by means of a hydraulic
gear pump. This fluid is in turn cooled continuously by
heat exchange with the cold mains water delivered to
the facilities of the semiconductor fabrication unit.
The central tube, in contact with the plasma, is made

of a suitable ceramic material, which is a good

%1;98@ p¥akia® 10' 0
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5 On leaving the discharge tube, the gas may be at a high
temperature since the atmospheric-pressure microwave
plasma, although in general not being in thermal
equilibrium, is not a "cold" plasma similar to low-
pressure discharges. The gas is therefore cooled, by a

10 water heat exchanger, before being sent into the
downstream line. This cooling may cause, locally, the
condensation of liquid or solid products which it is
desirable to be able to collect suitably, in order not
to risk the plant being blocked. For this reason, as

15 already explained above, the operation is carried out

~with a descending stream, with the exchanger located in
a low position. A suitable tap-off makes it possible,
when necessary, to drain the collector at regular
intervals. '

20
The device 10 for neutralizing the corrosive
fluorinated gases 1is preferably installed a short
distance downstream of the plasma. It is a cartridge
with a solid reactive adsorbent, preferably designed to

25 fix molecular fluorine, which will be the main by-
product if the etching or cleaning process does not use
water or hydrogen. The bed also retains, in a lesser
amount, the etching products such as S8SiF, or WFg, and
other dissociation products from the process plasma or

30 the decontamination plasma, such as COF,, SOF;, etc.

The gas circuit includes a number of manually operated
or motor-driven valves, making it possible to isolate,
purge and flush the various parts of the system with an

35 inert gas.
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5 switched-mode power supply and the magnetron head of
the generator, the dielectric f£fluid for cooling the
discharge tube and the gas on the output side of the
plasma tube. To extract the heat from the dielectric
fluid, water from the actual cold mains is used, in a

10 closed circuit (about 5°C) in a plate exchanger. On the
other hand, in the case of the generator, it is not
desirable to risk condensation phenomena that could
cause short-circuits. It will therefore be preferable
to use the "town" water at about 20°C, which will

15 circulate in succession in the switched-mode power
supply and the magnetron head, and then in the
exchanger-collector remote from the plasma. In
practice, this "town" water will also come from a
closed circuit and its temperature is preferably

20 regulated centrally if a large number of machines have
been installed.

4. Example of the process and performance.

25 A plasma decontamination system, according to the
invention, was installed as shown in the diagram in
Figure 1 downstream of an ALCATEL 601E plasma etching
machine 2. The chemistry for etching single-crystal
silicon used, in sequence, the gases SFg and C4Fg (14"-

30 3", for example) with respective flow rates of 170 sccm
and 75 sccm.

In practice, after passing through the vacuum pumps 4,
6 and the output line, the gases entered the plasma
35 decontamination unit 8 with a concentration averaged
over time. With the concentrations indicated above, the
SF¢ entered the unit 8 with a concentration of 90 sccm,

accompanied by C4Fy with a concentration of 24 sccm.
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analysed at various points in the system by quadrupole

10
ents was
5 mass spectrometry.

The ALCATEL etching process used the PFC gases SF¢ and

C4Fg. The exhaust from the roughing pump 6 was diluted

with dry air (approximately 100-150 ppm residual H,0)

10 at 30 slm. The SF¢ and C,Fy concentrations were measured

downstream of the etching chamber 2 (high-density ICP

source) . The degrees of destruction in the

decontamination plasma were calculated as the ratio of

the concentration on leaving the said plasma to the

15 concentration on entering the said plasma, i.e. without

- including the prior dissociation by the etching process
itself.

The output from the decontamination plasma 8 contained,
20 apart from the residual concentrations of the two PFCs,
the following by-products: SiF,, F,, COF,, SOF,, NO,,
SO;, NOF and, possibly, HF because of the residual
moisture in the dilution air. After passing over the
neutralization cartridge 10, none of these pollutants
25 dangerous to the air was present in the gas stream with
a concentration greater than the average or limiting

exposure value.

The degree of abatement of C,Fg was almost 100%, the
30 residual concentration being less than the detection
noise level. The degrees of abatement of SF¢ are given
in Table I for various conditions. It may be clearly
seen that the degree of abatement increases with the
incident microwave power, that is to say with the
35 extent of the plasma region. It may also be seen that
the destruction efficiency, all other things being
equal, increases when the diameter of the tube
decreages. Furthermore, the direction in which the gas

stream flows - ascending or descending - has little
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5 Similar results were obtained with higher flow rates of
SF¢ (up to 300 sccm) and with greater dilutions (up to
70 s8lm), and for other PFCs, such as C3Fg, NF;, CyFg,
CF,, CHF;3, etc.
10 In Table I, the "process inlet" denotes the inlet of
the reactor 2 and the "detox inlet" denotes the inlet
of the treatment device 8.
Table I
15
Dilution gas Additive | Degree of destruction
Tube & SF; flow SF; flow Alr N, 0, Pnin % Poax %
(mm) rate, rate, (slﬁ) (8lm) (8lm) (kW) (kW)
process detox
inlet inlet
(slm) (slm)
10t - 170 - 20 1 3 70 3 70
170 75 30 - - 3 70 3 70
gt - 170 - 20 1 3 97 | 3.5 | 98
170 75 30 - 2.5 | 94 | 3.5 | 97
6 - 170 - 20 1 1.6 | 95 | 2.5 | 99
102 - 300 30 - 0.45 3.5 | 77 | 3.5 [ 77
g - 200 20 - 0.3 3.5 | 97 | 3.5 | 97
10 - 200 20 - 0.3 3.5 | 81 | 3.5 | 81
12 - 200 20 - 0.3 3.5 | 67 | 3.5 | 67

(1) Measurement on alpha-test with off/on etching process

(2) Laboratory measurement with ascending stream

(3) Laboratory measurement with descending stream

20

The invention has been described within the context of
the

a

chamber

for

semiconductor components.

production

oxr

etching
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advantages, to the case of a chamber or reactor 2 for
the production or growth or etching or cleaning or
treatment of semiconductors or semiconductor or thin-
5 film devices or semiconductor or conducting or
dielectric thin films or substrates, for example
silicon substrates during the fabrication of

microcomponents or microoptic devices.
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5 depositing thin films during plasma cleaning.
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5 pressure substantially equal to atmospheric pressure;
- means (8), downstream of the pump, for creating

an atmospheric-pressure plasma.

2. System according to Claim 1, the means (8) for
10 generating a plasma comprising means (14) for producing

a high-frequency discharge.

3. System according to Claim 2, the discharge being
produced at a frequency within a band centred on
15 433.92 MHz or 915 MHz or 2.45 GHz or 5.80 GHz.

4. System according to one of Claims 1 to 3, the means
(8) for generating a plasma comprising a resonant
cavity.

20
5. System according to one of Claims 1 to 3, the means
(8) for generating a plasma comprising means for
sustaining a plasma within a waveguide.

25 6. System according to one of Claims 1 to 3, the means

(8) for generating a plasma comprising a torch.

7. System according to one of Claims 1 to 3, the means
(8) for generating a plasma comprising a surface-wave
30 applicator.

8. System according to one of the preceding claims, the
means (8) for generating a plasma allowing a plasma to
be produced with an electron density of at least

35 10 cm™ or between 10*? cm™ and 10'° cm® or between
10" cm™ and 10* cm3.

9. System according to one of the preceding claims, the
means (8) for generating a plasma comprising a plasma
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for generating a plasma comprising a

plasma discharge tube having an internal diameter of

between 8 mm and 4 mm.

11.

10 the means (8)

plasma discharge tube (26) and means

vortex in the tube.

12.

15 the means (8)

plasma discharge tube (26),

. passing through this tube downwards.

13.

means

System according to
(22)
plasma tube (26).

20 being placed

14.

comprising a

" System according to

reactive unit (10)
25

for the purpose of destroying them.

15.
producing least

(HFC)

at one

30 hydrofluorocarbon gas,

a system for treating a perfluorinated gas

hydrofluorocarbon gas (HFC) according

1 to 14.

the gas

the preceding claim,

compounds resulting from the plasma treatment

Reactor wunit comprising a reaction chamber
perfluorinated

System according to one of the preceding claims,

for generating a plasma comprising a

for generating a

System according to one of the preceding claims,
for generating a plasma comprising a

to be treated

draining

in the bottom position of the

one of the preceding claims,

the
react

for making

(8)

(2),

{PFC) or

and furthermore including

(PFC)
to one of Claims

or a

35

16. Unit according to Claim 15, the reaction chamber
(2)

growth

forming part of equipment for the production or
of

or

or etching or <cleaning or treatment

semiconductor or thin-film devices or semiconductor

conducting or dielectric thin films or substrates, or
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treatment system being 1located on a floor of a
production or growth or etching or <cleaning or
treatment shop (62).

35 21. Process for treating a gas, containing impurities,
with plasma, comprising:

- pumping of the gas to be treated, in order to

bring the gas to a pressure substantially equal to

atmospheric pressure;
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23. Process according to Claim 22, the carrier gas

10 being nitrogen or air.

24. Process according to one of Claims 21 to 23, the
gas having, after pumping, a flow rate of between 10
and 50 1/min.

15
25. Process according to one of Claims 21 to 24, the
impurities comprising a perfluorinated gas (PFC) and/or
a hydrofluorocarbon gas (HFC).

20 26. Process according to one of Claims 21 to 25, the

gas to be treated containing SFg and/or C4Fg.

27. Process according to one of Claims 21 to 26, the
plasma being generated in a discharge tube (26) through
25 which the gases to be treated flow downwards.

28. Process according to one of Claims 21 to 27, the
gases to be treated having, after pumping, a flow rate
of between 10 sccm and 200 sccm.
30
29. Process according to one of Claims 21 to 28, the
plasma treatment having taken place in a discharge
tube, the said process including a prior step of
matching the diameter of this tube so as to limit the
35 phenomena of radial discharge contraction in this tube.

30. Process for producing a chemical reaction in a
reactor, the said reaction producing or emitting at

least one waste gas, and then comprising a treatment of
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conductlng or dielectric thin films or substrates, or

else being a reaction for removing photosensitive
10 resins used for microcircuit lithography, or a reaction

for depositing thin films during plasma cleaning, by

means of perfluorinated (PFC) and/or hydrofluorocarbon

(HFC) gases, the waste gases containing or being

perfluorinated (PFC) and/or hydrofluorocarbon (HFC)
15 gases.

32. Process for the production or growth or etching or
cleaning or treatment of semiconductors or
semiconductor or thin-film devices or semiconductor or
20 conducting or dielectric thin films or substrates, or
for the removal of photosensitive resins used for
microcircuit lithography, or for plasma cleaning,
comprising:
- a step of reaction of the semiconductors or thin
25 films or substrates, or of removal of resins or of
plasma cleaning, with a perfluorinated (PFC) and/or
hydrofluorocarbon (HFC) gas, in a reactor;
- pumping out the atmosphere from the reactor (2);
- treatment of the gas of the atmosphere in the
30 reactor with a plasma using a process according to one
of Claims 21 to 29.

33. Process according to Claim 32, the perfluorinated
(PFC) and/or hydrofluorocarbon (HFC) gas entering the

35 reactor with a flow rate of between 10 sccm and
300 sccm.

34. Process according to one of Claims 21 to 33, the
treatment of the gas by the plasma comprising the
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dissociation of the impurities in the gas in order to

form reactive compounds.

+35. Process according to Claim 34, comprising a
reaction of the reactive compounds formed with a
reactive element for the purpose of removing them from
the gas to be purified.




