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GAS ABATEMENT The present invention relates to gas

abatenent. The invention finds particular use in the
wababomsat of gases exhaust from a process tooPCT/GBR005/002842

exanpl e a process tool used in the sem conductor or

flat panel display manufacturiing i ndustry. CF4, C2F6,

NF3 and SF6 are conmmonly used in the sem conductor and

flat panel display manufacturing industries, for

exanple, in dielectri GASYABATEMENT and chanber
cl eani ng. Follow ng the manufacturing or cleaning

process there is typically a residual PFC content in

he effl t . . - .
Hiefsat fiYepiat reef& B qus B ceiant, THE, puehRa fibds barticular
wedinttheidbaterhentsef gades éxteaust fionoapeacessstoghdesexample a

because they are known to have rel ativel. [ .

wpeesminsleste i (e g RorduERaRL ok gy aanuisptyring

iég@gg{wto provi de an abat enent device for treating such
Ly

exhaust from process tools. In the illustrated
exanpl e, the abatenent device 200 is | ocated

d t f ti

G G Dlne g S = Semrtreg i Sed B GHEDRIRERpRg e
ﬁ&:@%@%lé@ﬁ{anumt&ﬁwirmt@mé@a,foe@mpreawaieileu'nrisiajeemtching
conprises’ a Roots bl ower 204 or other secondar gurrcp

drot ciamben gleahinge fFolluviog £he SaaRUTAGHTING O GIGiAg Process

hanmber 202, the. : i d
Hare R bpisgly angSiTREPEGRcENt Bithe it 2SRtk hmpe
FomaRB fbcéds tabRURECataresdifiieult do perasse from the &Eluent stream,
abat enent device 200. A suitabl e backin

ahiheTE teas DioINeET P BRSPS LSRG AR op L4/ known
s R e e oM ment s of the

ef fluent streaminto conpounds that are |ess harnful
PoillusEaiabin BRNTS | f Spssoun & Progi Bl afEneeh: G8fcgFor
FEAHRPENCH §atesbRMUSt fiRfd pestatetasls! darthé illustiabed example,
the abatement device 200 is located downstream from one or more
evacuation systems each for evacuating a respective process chamber 202 of
a process tool. In this example, each evacuation system comprises a Roots
blower 204 or other secondary pump for drawing the effluent stream from the
procéss chamber 202, the Roots blower 204 being backed by a multi-stage
dry pump 206 that exhausts the effluent stream at or around atmospheric
pressure to the abatement device 200. A suitable backing pump 206
comprises a combination of Roots and Northey (“claw”) type pumping

mechanisms.
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abat enent device 200. Conventional abatenment devices
i ncl ude incineration, plasma abatenent and thernal

wa@lewenfsssi ti on tools. Sem conduct or manuf act ur PEIYGB2005/002842

processes typically produce as by-products

particul ates or powders that-2re drawn fromthe

process chanber 202 by the evacuation system As the
punpi ng mechani sns of the backing punp 206 require

The 9BjSch ot i apatehteriids tmtonvert eslathedydamfui eonmpanents of the

Suent stream ol aMmBpHeds thal fub ekl fo e eTpiRgment
Sor 5 S Utz S0 ont Bl b REcER Ay TSt o for
%amp@d byta wehsamibbat ﬂm sbfoWrbéoMedldmﬁvrﬁmmnﬂtrem the

wever 0 t he
s gEnagi eline 2 hopseRtsA AReroes! dryhr L Petisgation,
ﬁ%gfnféeé:’&at%h@nt'd?\d%gﬁﬁél §SsbrhSoditien fdswy rate of the

nt stream exhaust from each process tool 202
(typically around 5 sIm), the injection of purge gas

f the backi
SR T bR RREASR P, FBRgs o yr-prpgucs
BRFCAEES of BYivaRr Bt oS dpduah ﬁmth@ﬁro@@sgfchbuw 202 by the
stream containing 70 to 90% purge gas requir

evqpua‘uonaﬁmsn;mnﬁ%twwnpmlaﬁe@h@lam@‘ﬁ%tbaskmarpump 206

ELbARheS 1 6ERMCERT5 BEoahARcA Helfolhe fétol SndRidtb

EOMPBhEAR dithé@ﬁimmng ptagesiduring ai;ea,tlt isehornil lppa@.t;ce to inject
efficient and | ow cost_technj gl%or treatin

an finerk RHrgfEas SUSHAS PiFROENp PUmEINg Mechafisms. This
?ﬁ@%ﬁgﬁas EQR/eert $680cd thEEBUELSF tﬁ{ ?hﬁo@%ﬁ cORRMIAALSN Bpfhe

Iuent gas stre roma process t ool
baeking panm 2@6cda+qwe\$rn|g dewalfdhe n@atlvelmlgitﬂ@\arrates of purge

RN | ”ﬂm@gone“gﬁg ygal %ﬁoﬁﬁvdg(gf?eﬁﬁyn%ﬂ‘h sdinparison

] e ratd dTUA® effﬂlferﬁ“strbaﬁﬁéxmﬁ Hidnh eaEN peoeddsitgol De2
abat enent devi ce, and nmeans for conveying a |liquidta

(typicallyrprourntses slin tee inectiamef RUTgaERSIgInERA /R mafe of the

GRSin A 23R MR 54 0 et

abatement device 200, as abatement of an effluent stream containing 70 to
90% purge gas requires significantly more power than the abatement of an

effluent stream containing no purge gas.

It is an aim of at least the preferred embodiment of the present invention to
seek to provide a relatively simple, efficient and low cost technique for treating

an effluent gas stream from a process tool.

In a first aspect, the present invention provides apparatus for treating an
effluent gas stream from a process tool, the apparatus comprising an
abatement device for converting a component of the effluent stream into a
liquid-soluble component at a sub-atmospheric pressure, a pump for at least

partially evacuating the abatement device, and means for conveying a liquid
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the liquid conveying neans, and an outlet for
exhausting a solution conprising the liquid and the

WO p@paloeksepl ubl e conponent of the gas stream |PCDG82005/002842
enbodi ment, the punp conprises a liquid ring punp. A
l'iquid ring punp conprises a3otor rotatably nounted
i n an annul ar housing such that the rotor axis is
eccentric to the central axis of the housing. The

foth8punds, thk p baipristiga duraihg Mechamismy aieans for
therefrom and are equal |y spaced around . the rotor. é
eeaiving theotfflacplisipeay frordhe abatamert davies and the liquid from
maintained in the us| o .

R G B, Mo b en Auet R d SOUEBRT,
ﬁm?ﬁﬁng t5& igaid A e liquiseblubié cbinponshhofthengas stiedn.
of the punp, this liquid typically being water, and

the term"Iliquid-sol uble conmponent™ means a conponent

f £ 1 . . _ R _ _
ol SrBeERE 47 PR fippliscSaRguiainfy pub. MANaald ring
mmﬁwﬁﬂé@?s aég[tétgd méﬁta;,w (r)mfgnhsiﬂ can bonulss mesisingssuch that
such as , . , . . Whi

LT 9o i e peniTal A SRS hetsiithn hg gor s
AR Sab oML e g o algnner
aouvdrthedotart A\ §@antity df BumpeingHiguichseeh aswatesis paintained

bl ad he Liauid and . Lt .
et F IR E. M 06 85kl biioRant moans
b Rbfpotiei® oPfhd BRIUBHIBréA® vaitieh iy rstestluble witiein the liquid of the

conpressi on regions |ocated between adj, t
purgethis quichiypigaty beiia yaisli: apg the f&%%ﬁ@#ﬁé'ﬁég ot or

hub. whi J, ' i -
FBBerSh LGS ARl R 5L nueey i e o it
s gl it%b(ampihestogmhpiqutmimpbh@lacompnnenta are perfuorinated
passin rou the punp. In thi f

B BOHHARCCAEOGT COMAOMITS <SUSNAT 54 G & (10 T G o79gh CFe,
%i&%ﬁﬂ?‘&oﬁ%ﬁ@@ﬁn%r@ofﬁﬁﬁ B twiiER @AM bEoRikehnhiegsdltgon in

I qui d soluble species is pulled into the spaces
tret perap. Qljhac exampiesarcoNEdeshicheap heneonvyaftaciinge N2 and HF,

andsteaHBBiCrs b8 oTPge Mo idkg

As the rotor rotates, the rotor blades engage the liquid and form it into an
annular ring inside the housing. This means that on an inlet side of the pump
the gas present in the compression regions located between adjacent rotor
blades is moving radially outward, away from the rotor hub, while on the outlet
side of the pump the gas is moving radially inward toward the rotor hub. This

results in a piston-type pumping action on the gas passing through the pump.

In this preferred embodiment, a gas inlet is provided at the inlet side of the
pump so that the effluent stream containing the liquid soluble species is pulled
into the spaces between adjacent rotor blades where the liquid is moving
radially outward. A further inlet for simultaneously conveying to the housing

liquid for forming the liquid ring within the housing is typically provided at the
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liquid for forming the liquid ring within the housing
is typically provided at the- Abottom of the housing,

whedoseess2t he inl et and outlet sides of the punpCT/882G08002842

ef fl uent gas streamis caused to conme into contact
with the punping |iquid, any-4iquid-soluble conmponents
of the effluent stream are washed into the punping
liquid and thus renoved fromthe effluent stream

Bsfidrheofiths haasiny, beaneés tixinttaind edtleirsidesafitie pump. As the
at nospheric pressure, fromthe pu with a sol uti.on

of .
efilent gas straam isieausedup o P £0BATHYIBINE RYMRIAG liquid,

ef f l.uent t i

Ak SPGB AR o i iyt Saiirel PEshed into the
lique Ginalpvis reirforre dram ey effleiept strededbeforen tie gas

separate inlet for recejving the Ii

sireamriaexhanst, at REarouns AlmRsPheRCHr S eplinp theRYgR With @
%E@HI&E%@ WY Fauildidry fh %cﬁﬁcf-%HﬁBie ebmBaREntd dffthe Réfluent stream.

ei ng'conveye om a source thereof into the
afgurnp outlst akews Grtheatisoharge oéthgasolutiorandianygrs fiem the
enbodi ment, the punp conprises a screw punpi ng
REBWani sm preferably a nulti-rotor screw nmechani sm
Mul ti-rotor screw nechani smpunps are capabl e of
punpi ng m xtures of gas and liquid, and can thus be
Asetentiorsd aboe, the ipuenp may he giavided wih susgparate infgt for

resent i nyentio Mul.tir [ j j

g oo rerhgnte  ShaUIoRE By B{eL SRR htough the
géé‘iﬁléﬂﬁ_ﬁb{ 1% atfRient isfrewft, Withf thei liduids beingregrveyed from a
xtally in the cavities forned by the neshing teeth of
stercedheveaf dntertbe effieendistiam ypstseam qfi eﬂ@@ﬁﬂ'@ﬁt
t hrough the mechanismis dependent upon the direction
of rotation of the screw rotors. Conpression is )
B anMbithed embaidiment)ithe dueng compiises Afscreny fynping mechanism,
restriction to the outlet, which ,s.often sinpl .
prefeERH ArBulrT RIS RepHNS BRI SetguEmEghapism
| | b foftdts aMmdmqsie, ahe can thus be
Eﬁpﬁ%%%q%g)saﬂset Fﬂglflnmxﬁ‘}_sg?g%&i nlqeétg may be provided .
fised tisaari alterodtive toa liguidiring gump for thapresans nvyentigonMulti-

aStor Qgre%gﬁmtpiinr&emae%hgﬁﬁfg EbHiBALe 97 S bF BRRe rotating screws
within a stationary stator, in which fluid is transported axially in the cavities
formed by the meshing teeth of the screw rotors. The direction of fluid
movement through the mechanism is dependent upon the direction of rotation
of the screw rotors. Compression is provided, not within the pump itself but

by the restriction to the outlet, which is often simply atmospheric pressure.

In this embodiment a gas inlet is provided at the inlet end- of the pump so the
effluent gas stream. A second inlet may be provided for the introduction of a
liquid stream into the pump at the same time as the effluent gas stream.
Alternatively, the liquid may be conveyed into the effluent stream upstream
from the gas inlet and that the liquid enters the pump simultaneously with the

gas stream. Similar to the liquid ring pump, any liquid-soluble components of
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Alternatively, the liquid nmay be conveyed into the
effluent streamupstreamfromthe gas inlet and that

wo b@oloossei d enters the punp sinmultaneously w tPCT/O82@48902842
stream Simlar to the liquid ring punp, any
l'i qui d-sol ubl e conmponents oftshe effluent streamare
entrained by the liquid stream A punp outlet allows
for the discharge of the liquid streamfromthe punp.

8 isthehimarePsAPained sy e liRithsnéam pA ppntthostlet allows
operates as both a wet scrubber and an at nospheric

fonthewdisphangernf the liguidf greamdrosn f1g BHPyas st ream
Where the punp is |ocated downstream fromthe
abat enent devi ce, a conventional wet scrubber is no

'fflﬂ-;lnﬁkﬁl!id frmgu(bdrﬂﬁ orisersvebiyecrethiernmunop fius openateasbod) a wet
uni i ke a

oots or Northey-t ' hani
seauhberAns an eimeBRRETC KoYHD AUERING St I A sflpt dos
tool d i t ; .
418kl V8 i SRSl a6 an e meivice
4 eop&sntngl wetstrblvenis ho lgngeviregquisen; theraly rgdycing gasts.

her i ' . rheref N '
R BToren eI RPOS A Notiagkor Bueind DERRREIGH e
1B r St ' dumottiavef
ALCIRIEOrbOMAR bYprs enéﬁ?ﬁﬁé‘é‘??‘é‘”?ihif‘mgn Ficant 1y

d@tdurseﬂalieﬁaﬁbnpghewmpiogmhﬁchaﬁuﬁmoé wddgpumnp, and so
Fi 1 T ] i i

Bofk e lonoes DU b ANTO R G SV bl tohe
%@L{é@iﬁgﬁewnﬁgiﬁgfﬁ@g@nvhém irtespectiveximpiethert the liquid ring

nt 'device may be configured to convert ope.or
pump is togated Hpstreamiareawnstipam fiom ﬁ!ﬁﬁb%t@m?nééj%f% the
and/ or NH3 into ; Pod RSeS|
fi8gutt otoTsaeBnbdfe HoalhencamnRe K Sopitehndy fedie in
édiapafiédnRnthestricvanexample aisowa in Bigtie Jases may be
present where the abatenent device is configured to
treat the effluent streans exhaust fromdifferent

i i iy dHTRIUtePi6aPRrIaTOMEUrENt of the

Eh%%ﬁ?gedﬁggﬂ %evﬁ%g\é@?r?rgg{yf at gi f? erent tines. -
Sifleeht siséamdntohe differanicamppidjaEesexainp|en Mg apatamaent

é&ig%ﬁé’ﬁg«? fcgbﬁ&%tleig?/tgt gm%ﬁfp.ecﬁegéf@gﬁ% £8P ohBRtsSof theSHiuent

stream, such as SiH, and/or NHj3 into one or more compounds that are less

[/

reactive than said component with another component of the effluent stream,
such as F.. Such gases may be present where the abatement device is
configured to treat the effluent streams exhaust from different process tools,
or where different process gases are supplied to a process tool at different
times. Pre-treating the SiH4 and NH; gases can inhibit the formation of
reactive gas mixtures within the effluent stream. For example, the pre-

treatment of SiH4 can form SiOa.

In the preferred embodiment, the pump is located downstream of the
abatement device such that, during use, the effluent stream passes through
the abatement device at a sub-atmospheric pressure. With this configuration,

the abatement device can convert a component of the effluent stream into a
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of SiH4 can form SiQ2. In the preferred enbodi nent,

the punp is |located downstream of the abatenent device
w@omb/oodsat , during use, the effluent stream paBSEEB2005/002842

t hrough the abatenent device at a sub-atnospheric

pressure. Wth this configurgion, the abatenent

device can convert a conponent of the effluent stream

into aconmpound that is |less reactive than said

gﬁﬂp&@ﬁ@ihé%é lrbsfshéabﬂniwménoéala Remponent Adth teeampioeof the

F2 1's soluble within water, it may react w P
panpr Ra exanplenebilsfids solubbeimitbin watar, Hanaypeact with water

ver.s f E2 h
BB BoRe b, S 2 0L Behvbiifol BT g MIocan
|ﬁhﬂﬁtetﬁérfbrrﬁ§brdn¢ ef S@th eempeuhdondhas, with ehlsmpﬁgera’c@ndhe
the effluent streaminto conponents that

sbatamentievidegaEQTvaran® ABIoTRS RS oR! KBopduephgteam
onen
FRoESAPehel &Beafd LouBR wRnAAE AR OneHma! |V
EﬁggplggFgf EhggldNLgsolgble conpounds are CF4, C2F6,
an i

/éamn@mle%@pw@tL%eampsnseggfnsb&s%*ﬂﬁ%if feei AP Hitally
iflfa 20 d&ig”&. iGiR8-iRSABlee EfarpIeSt liuicsiebluble

rovi-ded her nal d¥ deconpose t hese

81

G@ﬁponﬂdi;are()lr'a € d, s, SchapCed, NFaeang Sbed in our
Eur opean patent application no. 1,205,707, the
contents of which are incorporat ed herein by

Aﬁ é%eé umém mayBessed ﬂ:ﬁdeccahposaﬂ)e bemponents
t eco hese conponents. |n on

pfmmfﬂaeawmm ot exaqe, 3 hernaror sugh 'lEﬁ@%W@MY'QEd to

ed
T
M SGoRapeRhgsdtent dpplichtion koow2a5620ihitheeontents OéwMyare

the effluent streaminto a

mcomeatsd b@ﬁ%b&f@\f&v@@c‘\gl elaﬁé?'bfg Ube*f\ gegpg,%gggmay be
ﬁ%é%?&ae s%"ﬂ‘\é‘%':gﬂﬁbﬂééﬁsa IRloRRholr plaBnid gbatehsent

' SSOCI a pl asma may be gener at ed
teshmiues dhaeffuenagaa streaquisreonveled ifor respoaptgavity using

13.56 VHz
gicrowave cadtation generatM,_?rom componshie suthi4y BRESVE! Y

microwave plasma. Another known technique is to convey the effluent stream

into a dielectric tube, a high frequency surface-wave exciter being used to
produce surface waves which generate a plasma within the tube to dissociate
the PFCs. The plasma may be generated using radiation at a frequency of
around 580 kHz, 13.56 MHz, 27 MHz, 915 MHz or 2.45 GHz. Alternatively, a
glow discharge may be generated to decompose these components. As is
well known, a glow discharge is a luminous, thermal plasma formed by
applying to a gas a voltage that is greater than the breakdown voltage of that
gas. The components may be decomposed by a discharge other than a glow
discharge, for example by a corona discharge or an arc discharge. Such a
discharge may be generated using a plasma gun, in which an electric arc is
created between a water-cooled nozzle (anode) and a centrally located
cathode. A stream of fluid passes through the electric arc and is dissociated
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gl ow di scharge may be generated to deconpose these
conponents. As is well known, a glow discharge is a

wo eovsresssy thermal plasma forned by applyi ng tRCHGHa®5002842

voltage that is greater than the breakdown vol tage of
that gas. The conponents may 7be deconposed by a
di scharge other than a glow discharge, for exanple by
a corona discharge or an arc discharge. Such a

twgfc 1 fifie BRISIRE 0B I fdldussUing froph tesTRotle resembles an

an electric arc is created between a
opaereoxgacetieneilaine. (anode) and a centrally | ocated
cathode. A streamof fluid passes through the electric
arc and is dissociatedthereby. The plasma of ionised

£ A4 ditésiive aubtaehhechaicries theesfinehtwaate sipeam is brought
oxy-acetylene flane. In an al terq?at i ve abat enent

inka Enmf@aewithms@ammalmﬁ@t%r%% afor £earggHitn 0% o
contact wth. i nd

cmpBRap IR e WEETR SRS, W rarn GRE WhRle tidee components
B! PECaMAlstipevheited istream obwatarempsuamayHREssed to convert the

super heat ed stream of wa L

PERsdnto eprapprerts; RHeh @6%%?@%&%“2‘%“&%%@&&%” in the
an b 3 -LAt ' ; . . AT

R o B Rt e e e o P s o -

feftivi fiiid foristibsequeniirsagtiemwithesshi eampprents @i ghe effluent

f i )
OB B 7Mbb [ 88 ction o
él'ﬁe?@ﬁggﬁéﬁﬂr tha drfieer fstreaan targt theasfficiendy ohthat destruction,

_ cy of that destruction, can be radicall
camibevradicaltpimpraresl J, onexamRICCH 1B9ROH o [aRsdormBHfiana the

flssogialin i Walep A indtls of fRtinG it Br EhapBiana PFC .
t@gﬁtpagﬁo{ W@ﬂmﬁﬂ?@ gt rlagﬁ)imt temﬁmat#re,md thus at a much
Ciz it err AT
?cfg]f lééjcf @%fo?/é Eﬁg@pmﬁ#&he@& glﬂg‘{ﬁé‘ ARt 8treahhaFuither advantages

readi |y available fluid, such as

‘éil?é ﬁ'liqat?aamwhivew chedpahd réadilyexailable fiwidhaueh ap waier vapour or
al cohal , can dt :

Qvie) dai exaBnigpeiane ot AiRkRbf ¢8R Hp e 1T iehials KA andior
RBIRGEnal as HRAISHREPE 8PEEies, and that the reaction can take place at sub-

atmospheric or atmospheric pressure.

Various techniques may be used to form the ions using a'plasmagun. Ina
first technique, a plasma stream is formed and, prior to the injection of the
plasma stream into the chamber, water (as an example of a suitable source of
these ions) is conveyed to the stream so that a flame containing these ions is
injected into the chamber to abate the effluent gas stream within. The water
may be conveyed to the plasma stream separately from the source gas, or
within a fluid mixture comprising both water vapour and the source gas. Ina
second technique, both water and the effluent gas stream are separately
conveyed into the chamber. The water is dissociated by the flame to form

heated ions within the chamber, which ions subsequently react with a PFC
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or atnospheric pressure. Various techniques nmay be
used to formthe ions using a plasma gun. In a first

w0 ewhoissee, a plasma streamis formed and, priBRCT/GB2G08602842

injection of the plasma streaminto the chanber, water
(as an exanple of a suitablegource of these ions) is
conveyed to the streamso that a flame containing
these ions is injected into the chanber to abate the

férﬁkﬁ%ﬁt Sa8e HidtaBtrebii I a Hirl teehaiguenthdeffluent ggediream
'asma stream separately fromthe, s{ rce
ercgw:/ﬁtéedswtcaﬂfd plagma Srears Riere ilsilHgCHR i QE‘?%FG%BW
n
Srmbee setiiaf Pas S falEan ahd 1 LaL A, Ik fhay
J?(?Thﬁeéé‘%éi’ﬁ@@lﬁd/o??@lm@lbegfen@atédsfmm ithe &F Gyyarenajected into
a to formheated ions within the chanber. which
ilmmash@s@hambﬁrwaéf&ém% b cgn\t@@gg g;ﬂ Q}Ia iegm
g?éﬁg‘aﬂ%tﬁ %m%e%@” d't Hﬁ oA th@%oafcfé §&abr grSeffluent

asrra stream prl of toits
8 8F&AM) of @épatéﬂ@lyﬁhexﬁfrm anh"aaxadae cosnyevﬁdtto g plasma

Cvesmeovaisiaar Faeh o S0gucon a6 20 lfor
8@%@@& |I"{ﬁ“§%§g@ tﬁé%"étépﬁ\a‘;‘lh e Um e mrﬁﬁai‘stream to

e plasma stream upstream from.t
aal heuted ivmatvithin thel ¢cHarober for r¢a@mgdmﬂ@ they ggCO@nQIﬁéthe PFC

ok 87 230 RO 16 Pt FRIGLE S e

fg}zizdr?@emgﬁfﬂ@@m e, directly to the reacti on chanber.
n I'S case, the water may inpinge upon the plasna

streamto form heated ions within the chanber for

05 bR ey 3 S B i g et e
%ﬂ%gﬁ’ﬁﬂ%ﬂ Eh"e %@gtlﬁﬁ:bhtantmr ¢idwevan, & Ipdurph’@yfm‘mt@b guns may be
[ e

pradded & iniegha mmbaltt}ﬁef Pl@é@ﬁg %ﬁﬁe%ﬁﬁﬁ%@ hteo i §ﬁém§Q? each
qu%b%t‘n%;}y/a 8{>mw oP HikhThVe BEs Rtrwhd! eAltématwewca pﬁurallty of

plasma streans”into the same chanp

%@@Qtn’fe@msabﬁyl bngcmwaddn a)slngkes,rpjmb% infedviich @as,ﬂ\gle

ternativel
plasma stregm Pé mjecPecf '?hlstc%n increase further the efficiency of the

treatment of the waste stream. These guns may be connected to a common

power source or to respective sources.

In a further aspect, the present inventién provides a system for evacuating a
process tool, the system comprising a vacuum pump for drawing an effluent
fluid stream from the tool and apparatus as aforementioned for receiving and
treating the effluent stream exhaust from the vacuum pump. Such a pump
may comprise any convenient pump for exhausting the effluent stream at a
pressure in the range from 10 to 200 mbar. For example, the vacuum pump
may comprise a turbomolecular pump, a molecular drag pump, or a multi-
stage dry pump. Such a pump preferably comprises a plurality of Roots-type
pumping stages, as such pumping mechanisms have larger tolerances than

Northey-type mechanisms and so are less prone to seizure due to the
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gas streans may be conveyed to a single chanber, into
which a single plasma streamis injected. This can
wo pseassel furt her the efficiency of the treat neet/GaRo05/002842
the waste stream These guns may be connected to a
conmon power source or to regpective sources. In a
further aspect, the present invention provides a
system for evacuating a process tool, the system
¥ Llllé#i&g oPs%IﬁPW%MS fathisl frvurgiranclefanoest offthei d
streamfromthe tool and apparatus as aforenenti oned
gumpingomechamjsemnd treating the effluent stream exhaust
fromthe vacuum punp. Such a punp nmay conprise any
conveni ent punp for exhausting the effluent stream at_
A é’gglisﬁu‘r'ﬂh r h8péhtetHeapeseht Mvebfloh préfdesrbanethedrof treating an
exa e, the vacuum punp may conpri %¥fg$urbano cul ar

|

eftlopnt gasrsiream fEom @ BIPCESAEO0loHEM '9583'5‘9)}33 GifgPs of
Such i P .
PSR e iagep thucalolsanbring o

SEMBoh@Rhias thée effuem streath into diuikpo W&cw@pagng%a sub-
and so are |less prone to

eizure due to
atmosRheTeIRIEFBeOFOREIRG B2 ﬁ&@&ﬂgﬂe@\nmtfﬁ?rﬂ the gbatement
' AUt i Ent devie,
GNP 08 apuih Al ticbet SdifaRpEPACBING the abatament dovl
shieheolishramveniggan theflumma ligaid, andexhausiiRg from the pump

rocess tool,. the t.hod ,conpri si
a5a sgnigiing A [EE S TR dfbrt BE ¢, 655 eam.
for converting a conmponent of the effluent streaminto
a liquid-sol uble conponent at a subat nbsph

ri . .
Peatses descrivackghong Nhiglatian @eaﬁpagﬂ%aﬁﬁnepgﬁﬁfﬁh@ invention are
abat ement .. devi ce t o) : partially
ggyg! a?PW{faa%ePOaWSﬂ‘éO%{e%g%%%’i %:neda{"gllﬁrr% taneousl y
conveying to the punp a liquid, and exhausting from
the punp the liquid contajning the |iquid-soluble .
Bosioorelieatires REpmRresenbumentian i) Bt R et e
in relatg t r idfhe i nvention are
E‘%ﬁgﬁr}% @3@?@%&@@%"2@?@@%g'ég{hs'f?mand Vi ce versa.
Preferred features of the present invention will now

tlé?gqusfirllhgt?gte\émat sttem for evacuating a plurality of process chambers;

Figure 2 illustrates a first embodiment of an apparatus for treating an effluent

waste stream;

Figure 3 illustrates the fluid supply to an example of a plasma abatement

device of the apparatus of Figure 2;
Figure 4 illustrates in more detail the plasma abatement device of Figure 3;

Figure 5 illustrates one embodiment of a plasma torch suitable for use in the

device of Figure 4;
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reference to the acconpanying draw ngs, in which:
Figure 1 illustrates a systemfor evacuating a
w@kwsabssey of process chanbers; Figure 2 ill usPCHGB2008/002842
first enbodi ment of an apparatus for treating an
ef fluent waste stream Figw®03 illustrates the fluid
supply to an exanple of a plasma abatenent device of
the apparatus of Figure 2; Figure 4 illustrates in
FBhf G"ﬂfsté!trjatéé"'ﬁ\eokhs@@ﬂhéﬁatmﬁgdm/BG/eithé phiralityeof3as
gure iI'1lTustrates one enbodi nrent of a plasma torch
strganad batdring theeabatempet devicee of Figure 4;Figure 6
illustrates the use of the torch of Figure 5 with a
plurality of gas streans entering the abatenent

ﬁSMfé??ilulﬂt@%@oﬁa iskbond eaissiimenhoba plasina tdrebi suitabledior use
a plasma torch suitable for use in the device of

iRitgedevite ¢iiljgre 4 i | | ustrates schematical ly an

exanple of a liquid ring punp suitable for use in the
apparatus of Figure 2; Figure 9 illustrates a second
EighRs B TRUKtranés sochempticallyan exampieeat 4 figuiding pUmprRuitable for
waste stream Figure 10 illustrates schematically an
us@inpihe Qﬂpaéa%rf%\élg‘ér@lﬁrm punp suitable for use in the
apparatus of Figure 9; and Figure 11 illustrates

anot her exanple of a plasma abatenent device suitable
Figurel Sdilistrates acgrandtarsbodintan of anzprparaugiPelrgating R
reference, to Firﬂ_ure 2, a first enbodi ment of an

eifipenbwasts $¥3Meat i ng an effl uent gas stream exhaust

fromone or nore process chanbers 10 of respective

process tools conprises an abatenent _device 12 and a
Figyue d Orillusfratesschematipally:@a examie aEJiSCEeW yapuum pump

| ocat.ed downst s fr Yol r i gh capacity
§5é'g%?‘@g??“%%@%%@pﬁr%y?ﬁgumﬁ@nﬁggure 2, al though

any suitable number may be provided). In the
IFliglulﬂgt1r1aiEISgtrachg%?\B?ﬁeqtéxa%’lﬁg of a plasma abatement device suitable

for use in the apparatus of Figure 2 or Figure 9.

With reference to Figure 2, a first embodiment of an apparatus for treating an
effluent gas stream exhaust from one or more process chambers 10 of
respective process tools comprises an abatement device 12 and a liquid ring
pump 14. The abatement device 12 is located downstream from one or more
high capacity secondary pumps 16 (three shown in Figure 2, although any
suitable number may be provided). In the illustrated embodiment, each
secondary pump 16 comprises a multi-stage dry pump, wherein each
pumping stage is provided by a Roots-type pumping mechanism.
Alternatively, one or more of the secondary pumps 16 may comprise a
turbomolecular pump and/or a molecular drag mechanism, depending on the

pumping requirements of the respective process chamber(s) 10.
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secondary punp 16 conprises a nulti-stage dry punp
wherei n each punping stage is provided by a Roots-iype

w@eovpiessenechani sm Al ternatively, one or norePOf/GBR®5/002842

secondary punps 16 may conprise a turbonol ecul ar punp
and/or a nol ecul ar drag nmechanism depending on the
punpi ng requirenents of the respective process
chanber (s) 10. The secondary punps 16 draw effl uent gas

'Elté ngg%@rggew ?}uﬁ‘rgkgs D5 A AW efflisTRRIsSstidanme froex traustocebe

_ S nms at a sub-at rmsPheri C pressure, .
¢hemnisersi 10 and exbaustrihe Huropedgas streenHala suh@tmesgheric

rate of ar. d I .
Q{@gﬁéroﬁe,tfprlg%& |g§h§igb%% grio §°?ﬁgbgﬁﬁ%¥éag§§ ??gtr%geaﬂé‘r%und 5

% | 16 Y SphfenFEiRREY $2 0fThetebagamest device, 151eckives the
| and NH3, i nto substances which ar]g | ess reactive

Wmﬁedgaerstmrg@ apdoonyerts gamparentzal he0as siieghps, such as
a y o @l

SR o yEABYEE} Jritip g RaBsenale A fiéracmponent
?ﬁgg: rSM?iiK/ﬁH@\éSdstmﬁh@,_?hwhmﬁ Rg dridqeory/enist$iiah earaponents and
athrs scinay AIEH AN Fe 1) S G PGbra PorropHl removed by

bat t . = ' ent st h
PP By Sy SETRRAT ARG b R0 T S

decon?03|t|on, deconposition using gas additions, or

as streans containing iaqps sel 3
Ehe rbaiamgasdgos ddenau e Ay R IP uhRATS ere for the
88?@&%}& a ﬁaﬁﬁﬁhs&mﬂ@mbemﬁm,em aslindineratian, plasma
W T'1"'now be described with reference to Figures g..to
5gaﬂénmmetﬁermal decorpesitionedgeMBaPHEN é@'ﬁ%g%ﬁhéd itions, or gas
apat enent device 12. T j

SO buREnd et B LI 0E 45 e o
g a?rglﬁ%rnt%ﬂgoﬁéw substepusy Egtafnmass oheuchuah ebagsment dewice 12

- evice 12 by conduit_.24. f
ailbinow herdessibed with Feferenceng) Fégmsé% ?g?éciugm iogd
froma source 26 thereof to a second inlet 28 of the

abat enent device 12 by conduit 30, and an ionisable,
Piglrae iflostratesghs gaisrsuppiiss &x thephkatemandgleice 12. The effluent

S e S SR 8 b foehfbob Aty bhaui
20, and is conveyed from the outlet 22 of the abatement device 12 by conduit
24. A source of OH and/or H* ions, in this example water, is supplied from a
source 26 thereof to a second inlet 28 of the abatement device 12 by conduit
30, and an ionisable, plasma source gas, in this example nitrogen, is supplied
from a source 32 thereof to a third inlet 34 of the abatement device by conduit
36.

With reference to Figure 4 the abatement device 12 comprises a reaction
chamber 40 in which are formed the first inlet 18 for receiving the effluent
stream, the second inlet 28 for receiving the ion source, and the outlet 22 for
exhausting from the chamber 40 a fluid stream containing by-products from
the abatement process and other, unabated gases contained within the

effluent stream entering the abatement device 12. The abatement device 12
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36. Wth reference to Figure 4 the abatenent device 12
conprises a reaction chanber 40 in which are forned

w0 bweH0ssst inlet 18 for receiving the effl uentPGL/GB215/002842

the second inlet 28 for receiving the ion source, and
the outlet 22 for exhaustingqbromthe chanber 40 a

fluid stream contai ni ng by-products fromthe abatenent
process and ot her, unabated gases contained within the

ﬁ{)r{l'{ V%Bhp?%b@ %ﬁa@ 'hﬁé‘ Ebrt:ﬁ Q20 FEgENThg diey infteogbh stiidem from

evi ce urt er conprises a dc plasnm torch
#ie éanduitedfeand @genehailng aiplagena streaaninet isiniasod Bt dne

gﬁ,@%ﬂ%g‘é {;}ﬂ)@rﬁbﬁf $ haﬁ'{%@%g emljn%* ?gértu@mgﬁéa%le 44 of
%eoﬁ'iﬁ%aat@?éﬁ 45 © pQ s IreFigthroH, tH@plpbmmmnﬁ lalgtPreceives

own in Figure 4 , the plasma torch 42
adlosi afewa'@rfcbomrtbthatmrders{:@aﬂl lnves iae (@ehara aaq?@dwt system

| eaves , the t uit systemindicated
& Qﬁnﬁfaq&baq%a@gﬁpgg Figure 5 shows in nore
detail the configuration of one enbodi nent of the
pl asma torch 42. The plasma torch,

Eig & shwsoi 5ore AetdBe ConTgUETcnGH G TInBpaIngt of the
BRI 92 U bigdfha R4 BMAHYes! dn SRAYEKPHibular

e bore ectron emtter 48 during
gathodk, bhelcetranramitter,c48 havmmam ¢ wall 500 Water coolant'is

gléggfﬁ(;%nﬁﬁ‘?g]ué{ g}e( ggrﬁlo a ﬁ]%nglgg%\n{n% %gtgggr Egéﬁ gg‘t%e of the
PR tbriRlsh. Stheboldisz oF B E1RBraRichtiger 48 s algned afth the

is nmounted in an insulating blocg
saunzzlelMdfanmedhe cettadtanades or elagtroge. 5“ASW6‘P@1¢'BQ r%ed eng wall

t he | i ng bl

B oS e T8 B e I gl e

ﬁ%lflétﬁléplﬂ%ck BBQ;L#rdi,mdlﬁg’ tlﬁﬁelbatran ethitiet 48 A bdme femjed in the
he electron emtter 48 and th start

instatingdelosk 561 providesdbe dirdnletid o1 herP the abatament dsvicg, and

pilot arc,i

CONyeys a Egeéﬂgb{ [ﬁl 9@;%&&? ggtgﬁﬁ Ea@nﬂ%@'lc?ﬁ%é?’getween the
@paaiall 580 optherekictibnferitfee Aeﬁndﬁhgmta@ leleaiedsi ohal
typically provided by a generator associ ated

In operation of the plasma torch 42, a pilot arc is first generated between the
electron emitter 48 and the start electrode 54. The arc is generated by a high
frequency, high voltage signal typically provided by a generator associated
with the power supply for the torch. This signal induces a spark discharge in
the plasma source gas flowing in the cavity 58, and this discharge provides a
current path. The pilot arc thus formed between the electrode emitter 48 and
the start electrode 54 ionises the plasma source gas passing through the
nozzle 44 to produce a high momentum plasma flame of ionised source gas
from the tip of the nozzle 44. The flame passes from the nozzle towards a
secondary anode 60 surrounding the nozzle 44 to define a plasma region 62.
The secondary anode 60 may be provided by part of the wall of the chamber
40, or may be a separate member inserted into the chamber 40, in which case
the secondary anode 60 may be provided with apertures 64, 66 which align
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with the power supply for the torch. This signal
i nduces a spark discharge in the plasnma source gas

w0 b@eiooss2i n t he cavity 58, and this di scharge pCDGBA®S/002842

a current path. The pilot arc thus forned between the
el ectrode emtter 48 and thejstart el ectrode 54

i oni ses the plasma source gas passing through the
nozzle 44 to produce a high nomentum pl asma fl ane of

Wﬁgtpé%eﬂle‘w%c 8%%%69%@?4@’[@ Habldthaionaioardd andithe

asses romt e nozzle towards a secondﬂﬁ% ode
&ﬂu@urstmamdtmgetcbevayam@thmplasmﬁeﬁgw 82p|ThenaWeE

i SIS G5 PRy G B
If@m:éef) t %ﬁﬁﬁl‘eﬁﬁe's@c@nﬁaﬁl Shedd ey bdUsed rmskbad lof taes starhe

condary ano may be provided w ertures 64
d6civbie B4 4o ggnatate the blasma Kreqe i g M3 FOHfCE Has-
chanber 40 to enable the ion source and the ef fl uent
streamto be conveyed to the plasma region 62. The

lb% thélfon édd#éé f:gttﬁré)eﬁmﬁpleqnatgf i tdesmcaiad@yglhama
e roril e as snpown I n | + _

f@nerwratt?dgr@@d‘éﬁ goBRe ddell thadersiPles hiezo g H b8 o

lehgc ﬁ*ﬁﬂ?@lg&% r?‘é? t‘['h%s@'@ﬁﬁ@uﬁéécﬁféﬁtlﬁlfr@atﬁ\hﬂhln the

use, the 1on source, In this
&%@rﬁﬁéﬁw\ﬂﬁtﬁﬁheﬁ:cdlcsﬂmnmﬂm bf thenefflpeatstgeamaantering the

tted f th le 44 of the.t t

&";mb&maﬁﬁ”‘gw?@r%%ﬁéﬁww rasBriA A iRt ble
aﬁw%%/?ﬁ%l% tl?é%ﬁluéﬁtfsnbam BeiefiRgthe rchéfhbﬂrmlﬁ) 1ahe
onent uent streamenterin

@hmmrfrommemwmpemadmhfmmeaeamﬁebﬁ%we h/oCOA“ﬁg‘?Ved

unabat ed nobl e i s contained within the effluent
E’t“‘@dlﬁ%f‘@glpHﬂgﬂ * chamber 40, are exhaust fromthe

chanber 40 through outlet 22, and subsequently

conveyed to the liquid ring punp ex l.es of

Beaw exarsplesaireactipng e¢RUITAG @"@Hh&@e‘ﬁ‘ b WIEWWebe
scri bed.

gescr bed‘3

Example 1

The reactive fluid is a source of H" and OH" ions, for example, water vapour,
and the effluent stream contains a perfluorocompound, for example, CF4. The

plasma flame dissociates the water vapour into H" and OH" ions:

H,O —> H* +OH" 1)

which react with CF4 to form carbon dioxide and HF as by-products:

CF4+20H +2H" — CO; +4HF (2)



10

15

20

25

30

Exanple 1 The reactive fluid is a source of H+ and CH
ions, for exanple, water vapour, and the effluent

wa@reoemosseont ai ns a perfl uoroconpound, for exanptEGBEZHB4/002842

The plasma flanme dissociates the water vapour into H+
and CH ions: H20 (r) H++OH (-1)4 which react with CF4 to
form carbon di oxi de and HF as by-products: CF4 + 20H +
2H+ (r) CO2 + 4HF (2)A typical gas m xture for

pe r@ﬂfdlfgag ndixtlirelfecpeifornsingta dielectpe etubsia 4 pacesayool may

ain differing proportions of_the e F3, . C3F8,
contain differing prePPrtifs W&h@@%ﬁ%’d%f@ﬁér §e§H bﬂth&as

RIS eRBE B b fBddcRBEn Bl Bt e GRenieh fcaRAoHS bhthe H'

lafgmetBHaldnsbAﬁlth tHZBSTegmBh panherits roﬁtlme Mashe gas streanmswillediffer in
above e e reactiv id a|n a source
@jetaqhbgtrme@@nqrglrfgrmf% %%g'l Lh)%\'ﬂ our, and the
wast e stream contai ns NF3. Process tooI manuf act urers
are increasingly adopting NF3 as the chanber cleaning
nablechoi ce for PECVD reactors. \Wereas the
utilisation of NF3 by the cleaning process is nuch
hi gher than that of either CF4 or C2F6, the

éaor' RRHGE Fulef i%cﬁg‘"aﬂ’f’a%fo%r@é’aﬁHd%fn@bd)H psefdres@inple, water
thelrr uncontrolled release is potentially very

d/apgar aus! theiwaste streanpastains NFs. diregess &Oémawfa@wﬁrs are

BoidedEdShtn F et et Bl b ol PV
reastokd) QNWeféést the Utiisatish GFNFey the odeatingl pfascmsstlku enuch

| t th t he pl
e B S Bt FORLESS o,

L g)ﬁ)ggfé?éﬂ?l g%f, lvé BRJIRER uhEBstrafed RSl ddtentially very

1OV OUs ent conponents froma gas stream
Camgesows)t Withir the plasma NF; dlssomates to form Ny, F> and NoF4:

4NF3 —> Np+ 4F, + NoFy (3)

with the N2F4 component of the effluent stream subsequently reacting with the
H* and OH" ions generated from the impingement of the water vapour on the

plasma flare:

NoF, + 2H" +20H — Ny + 4HF + Oo 4)

As illustrated by the above examples, the same ions may be used to remove
various different components from a gas stream. Consequently, the
abatement device is suitable to receive a plurality of gas streams, either from
similar or different process tools, and convert similar or different components
of those gas streams into species that are soluble within the liquid of the liquid
ring pump 14. For example, as illustrated in Figure 6, the abatement device
may be provided with an additional inlet for receiving an additional gas stream

via conduit 20a, with an additional aperture 64a being provided in the
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abatenment device is suitable to receive a plurality of
gas streans, either fromsimlar or different process

wo owb®985and convert simlar or different conpoPenGB25/002842
those gas streans into species that are soluble within
the liquid of the liquid rindgdpunp 14. For exanple, as
illustrated in Figure 6 , the abatenent device may be
provided with an additional inlet for receiving an

ldindappaho8asostor ebly e additiohal gastreamitodie conveyed to
addi tional aperture 64a being provided in thesecondary
theqleaspa regiah®Bl e t he additional gas streamto be
conveyed to the plasma region 62. In Exanple 1 above,
the ions react with the CF4 conponent of the effluent

Bt ESRRpRM @bone, thecions acdetwitDthea@Hl, somiponist abthe effluent

Sreamereung e CaeEbRA0cA 80 0Hs M5t FaReril R Nt
%ﬂe’%ﬂpgg l%gsgntﬁ rodr?@xef@%trmgé\@%’fldré‘ t&¥BBBINP ode IO OF, prioritd

0 co fl'uent stream through the
Rloetion vethr thenions. on dentrast, iti Exewipla 2 abeweNES degigble to

ehmiavanecaiusay sesarm oRandRE Rt shtfiu Fikigdr RERb6Ckte
iﬂegNFgﬁgé g?%ﬁ%esrth%?a@‘ frlowe RbactivE AR fRYiohs gepevatddy the ion

Into O proximate the plasm region 62

!;dm'lclet He tiREexpaydaes iluairateghn tigures £1a:0 rtbgi .e'ﬁisérlﬂsagn may

I ustrat i i

GsobBy 4815498 pBAEPRY oo Rr AT Pl o h Bt et ne

fgfg:; garﬁsf%glfggémr;%ﬂ% %I_larriamegic?x alﬁiﬁhﬁe |7tilh£stlsa°té$ aarexample of a
nveye Il rec t

pleci tora 801 MohIEnENs GHRIEFLH (RATDER LATIESRS WGl iz

ﬁ% :Ir??]’l%*igi@%%eg{ {kﬁﬁgkg@gfee% bf PR LRESMH Er@MVEPE directly to

t ément evice 1nto the ore
fi® plasiizetoetie 801 mthenihandntottBe rehetien thamber 40r fenshown in

¢ f h nd i
s Tnéha atuapt SBoBm Seonvere bbEy fecfist et T o486 ng
%gg’feﬁ/ t4SliES @ 45 BrePb2 bhthenblasn lepriittbr 38. THeesffluent

y 58 al so receives a stream of plasma source g[as )
etream passesdramdbeopen ansl,82 of the elgghion wanittar 8 intate cavity

formed jn the electrical 1S [
38 6euRan 1h° Sl P Enlies 28 e LR Yplt HpiRESe pE h plasma
torch 80. The cavity 58 also receives a stream of plasma source gas entering
the abatement device through the third inlet 34 formed in the electrically
insulting block 56 surrounding both the electron emitter 48 and the start

electrode 54.

In use, similar to the example illustrated in Figure 5, a pilot arc is first
generated between the electron emitter 48 and the start electrode 54 by
supplying a high frequency, high voltage signal to a hafnium insert 84. The
pilot arc thus formed between the electrode emitter 48 and the start electrode
54 jonises the plasma source gas entering the cavity 58 from the third inlet 34
to produce a high momentum plasma flame of ionised source gas from the tip
of the nozzle 44. As the effluent stream enters the cavity 58 from the open

end 82 of the electron emitter 48, it mixes with the plasma source gas within
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el ectrode 54. In use, simlar to the exanple
illustrated in Figure 5, a pilot arc is first

w@emwenatsed bet ween the el ectron enmtter 48 andP€Ti6B2005/002842

start el ectrode 54 by supplying a high frequency, high
vol tage signal to a hafniumiigsert 84. The pilot arc
thus formed between the el ectrode emtter 48 and the
start el ectrode 54 ionises the plasm source gas

i \}itg%g bid suhdittedfroht hia idwezld A witH thiegpla8dhat siream into
produceé a high nmomentum pl asma fl ame of ionise urc
gﬁﬁom the

Jrsplisia regeon 6 Watends Auppiied ta4he RIashR regien
strea he. cavi
Seeond | @iq%%%#ﬂrﬁﬁ%%a%?léﬂfs%&é Wﬁﬁl&ﬁ%ﬁg@%ﬂgﬁﬁg block 56

SPIHEOBraRa2 Wl Whiee i detonpbsedibyl the pasma streamoio fora H*
nozzle 44 with the Pl asna E}&rqe%m i nto.the

eog Qi oas. whcinieps! il it SReBediPBpeg som the
Com . . . : :
AP PrCbing el S Vi, e shamoer
42. The water is deconposed by the plasma streamto

f . . |
et Sur 2ol U g d4drans e SFigel Ygsdfom the
gé?fetmerﬂl eI 557 941 cdv'tn&gﬁéhté I thiegas sraaphwhioty are soluble

ur ni ng i gure 2, liquid ring punp 14 draws
wtairefiie pempingalsid oﬁthméqta@amgmmp,d@m%bgg ysually,yater or

SR s S 57 SR B Tl o 1 i passcs
abh ¥habard Mg BURRY 1£0CeANSqSENtly, tenliquideingasirap 14

intothe punping liquid as the gas sses through th
lopgtates misrhpth et acrubbasapd @ﬁta}%mosgﬁ%rnp VAGHMY pln(a stage

u 1 per at e both a wet scrubber and an
g?'{ﬁgﬁ}@ﬁ? r?%asc%[l punpi ng stage for the effluent gas
strearln4 As illustrated in Figure 8, the liquid ring
pum conpri ses a rotor. 90 rotat noun '
Aalvsiratag b Fighns S e Navidind RuTPofoRrSEER rofbr¥
?ﬁféﬂﬁl 'rﬁo%eﬂrﬁ?aéedﬁé{@ér Hotisn 62 elich satthesotiy & 94 is

e rotor as blades 98 that extend_radiall

@ctentrit! ty thoeeatrabaxia9 cfitbe dguaing 9% p-zﬁbédowmst hlgdes 98
réﬁéﬁéiggq% ﬁ%/ﬁ\!itanyéhﬁé(?qtrhglnth%fref}m drid' &4k e?ﬂlalltyr%%aglea%‘?éur%the
rotor 90. With rotation of the rotor 90, the blades 98 engage liquid entering
the housing 92 from inlet 100 and form it into an annular ring 102 inside the
housing 92. Returning to Figure 2, the liquid is conveyed to the ling ring pump
14 by a conduit system 15 connected to a suitable source 17 of the liquid, for

example a water tank or other reservorr.

The effluent gas stream enters the liquid ring pump 14 through gas inlet 104,
and is pulled into the spaces 106 between adjacent blades 98. Any liquid-
soluble components of the effluent gas stream, such as HF, become
entrained within the annular ring 102 formed within the liquid ring pump 14 by
the liquid entering the pump simultaneously with the effluent stream. The
liquid ring pump 14 is provided with an exhaust 108 on the outlet side thereof

for exhausting from the pump 14 a liquid/gas mixture of a liquid solution
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the housing 92 frominlet 100 and formit into an
annul ar ring 102 inside the housing 92. Returning to

wo-r@aness2y the liquid is conveyed to the |ing PCTIGBPLOS002842

14 by a conduit system 15 connected to a suitable
source 17 of the liquid, for1qgxanple.a water tank or
other reservoir. The effluent gas streamenters the
liquid ring punp 14 through gas inlet 104, and is

ﬁcﬂ%bﬁgingﬂbé |ihhg FERCES HRRINSIMEE02 adiiaheiquld-solebleds.
y 1T qti dsol'ubl e conponents of the effluent gas ..
sompanentswfiihasfkentigassticantand Ay JaFe Pl SPages remaining

nnu| [ 102 f i t Qi I i QU '
fom e stfudit des sty Al s bdieyeliidmithBE-RdR: 48, the
Lhsulgt fihyae is regeRishBacoy s@ppigingifreghdieuid iettheshousing 92 via
provided”wi th an exhaust 108 on the o1ytl e% ﬁj de. .
it 41 Tie iqniass migure 9ieam ex5aHp! Tam:ihe;lighidiigg oump 14
m xt.ure .0 N . iai T
(il i SRSt Yoot tel ih BLARCRIS SBpaFter [t SHou Wtated
?Qﬁg?ﬁ?ﬁm{mﬁh? (ﬁa&ﬁafafé’lr +08of tredicany rigg e 14pedieegas may

r oM ST

bomrbpue pribmatmeseee Andog Tauboclrd onsely dpstal
r@@@b]eégfv?&? g?é’ %@H 9%% 'bEQrefaft&? for! feflith@o tRe 6BardtOYB fétdre-use.

. iquid/gas mxture stream
exhaust fromthe liquid ring punp 14 may be

Aol pabaer ey Aot feoiie AR g Reem
g%(ﬁé'ﬁ& ffdrA %n%%%ée Pﬁt%,sg Fpafera oafregséctive proeess tools is

nospher e, iquid collected for s

f

dlusfratad in Eﬁﬁua dailhecapparatys ofithesacag embadimentis sigylar to
retur.n ta the sour . - 1S :
bt At B S, i e &fodtin et ABRAT, 110 having a
%gl%gfﬁh{p%aﬁe lé' rﬂFl_ mecﬁaﬁml‘@lainesthedilqpid)deg puoaidof the first

spective praocess, is ill .ed..i
Bfancimont THbIspaP d10ds AluSTRIEL BUDREE SRR fgte, 1
simlar to that of the first enbodinent, with the

exception that a punp 110 having a screwtype punpin
meehtist intetridR themsght whidhi theieffluenigtieanpeniers@ housing q14 of

he o o htent A BT R A S T o P s
the &hll iHRRY 18 ithRRIGraRhRhSiqaid ok SlusBingthe gfump housing 114
enters the pump housing 114. In this embodiment, the liquid is water,
although any other aqueous solution may be used. The pump 110 includes a
first shaft 118 and, spaced therefrom and parallel thereto, a second shaft 120.
Bearings are provided for supporting the shafts 118, 120. The shafts 118,
120 are adapted for rotation within the housing 114 about the longitudinal
axes in a contra-rotational direction. The first shaft 118 is connected to a
drive motor 122, the shafts being coupled together by means of timing gears
124 so that in use the shafts 118, 120 rotate at the same speed but in
opposite directions. A first rotor 126 is mounted on the first shaft 118 for
rotary movement within the chamber 114, and a second rotor 128 is similarly
mounted on the second shaft 120. Each of the two rotors 126, 128 are of
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the punp 110 is located at an inlet side of the punp.
The punp 110 includes a second inlet 116 through which

wo p@paioaBstor fl ushi ng the punp housing 114 ent ePGT/GB2005/002842

punp housing 114. In this enbodinent, the liquid is
wat er, al though any ot her aqygaus sol uti on may be
used. The punp 110 includes a first shaft 118 and,
spaced therefrom and parallel thereto, a second shaft

eralff & fitftfoa Sha 6 BYUdRE 4 PElisARRPE dthrddtbrespattisel
ql%g’ _ ﬁggy The shaftﬁs 118, 120 are adapt eg for rotati ox
fairiedron thee butes sudaca thereofitthe ﬁl@raaéﬁgmfﬁﬂaﬁﬁmngaa?eﬁuﬂﬁated-
a contra-rotational direction. The first shaft 118 is
connected to a drive notor 122, the shafts being

GPUSS afle lpmpsi @trebn BRENS tiRd puip 0 trengh 1 fisst inletd 12, and
In use the shafts 118, 120 rotate at the same.s eetd
thet gas if"“"*““g'“@ ter castitiasn $30 Refweai theoiamERbing rotors 126,

n on.. :
TR L i A Py oonts ancaned
t\TA/'\i,:c/.I?ﬂri ﬁ]{é‘ Ihdi@iggt@rf\gghetm&n?dd Onda fl’reaéecdmblnleﬂa‘ldr(ﬁ. ofhe pamp

rotors 12¢ | K i _
A inaEovidebith o SRS SoTE PUSiAd aroBy T RaRdusting
n r . ACH b . e
B 1R B & e R o P
feuiE sLibplietto ttighpuimp 110 anditie quidisolublaconeonsds pé the

|l ed i h iti i '
i oepishosd S Ay Siemaie AP BT R Ylont oo
E{r{abHﬁ Mhs ﬁﬁﬁm@c@ﬁo&@i Bk Bie'Gthatist W32, thediduidiwithin the
entering tfe punp 110 via the second inl ec{) 1%16. The .
purp 110riay p?wmamshanm%mpéwng&r@ﬁhllw o IR ing 114 via
Si . for e
PG 1616 el Rl SRS SRR RO 110 may be
%g%%%ééﬁ@pﬁp@gﬂm ipﬁadisult‘mrgb]iémdtdr ifrotl shupwiry)-lecated e

e effluen t

counedsamianivptront 12 Shaci F g SR 51

l | r . i i _—
S SRR T G BRI s, ABIHARA, th laue
fi®p be tiewtédifaraeturn ththes sogrcel faraeiusieet 116. The

l'iquid/gas m xture stream exhaust fromthe punp 110
may be subsequently separated in a di scharge separator

(M Phe flieiEled &BbEFnents, the abatement device 12 is located upstream
from the pump 14, 110 so that any liquid-insoluble components of the effluent
stream, such as PFCs, can be converted into liquid-soluble components, such
as HF, which can be washed into the liquid of the pump 14, 110.
Alternatively, the abatement device 12 can be located downstream from the
pump 14, 110. In this configuration, the abatement device 12 can operate at
atmospheric pressure, although an additional wet scrubber or the like would
be required to remove substances such as HF from the gas stream. In either
configuration, the absence of any purge gas injection into the evacuation
system means that the abatement device 12 serves to abate stream(s) of
effluent gas at a flow rate of around 5 sim from each process chamber 10.

This requires significantly less power than the abatement of a gas stream
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downstream from t he exhaust 132. The gas may be
exhaust to the atnosphere, and the liquid collected

w0 oroemesel di sposal . Alternatively, the |iqui d P&EyGB2005/002842

treated for return to the source 17 for re-use. In the
illustrated enbodi nents, the{@hatenent device 12 is
| ocated upstream fromthe punp 14, 110 so that any
I i qui d-insol ubl e conmponents of the effluent stream

irfiig 70948 90%AbubGe §ABYES irbthd t axamhpEOEhONR in
ggﬁn%gﬁe%ts%suchrbas%g, whi ch caﬂrslw%reéraggﬁed i%Wt he
Figgwed.of the punp 14, 110. Alternatively, the
abat enent device 12 can be | ocated downstream fromthe
punp 14, 110. In this configuration, the abatenent

S@Hg h&Rtidred abovd aheadatdmahindenbtertangy etiise any technique

al though an additional wet scrubber or the |jke wuld

bisiohois, BUitaBl 1tbeBpalarpa! ol 784> SUBRSRRORR<HIEAT Sigam, such
as_stre I | i ' "

355 Sh Y, B4 A6l 845l Sosohbesthcacpostion

pBRaSyddadditibes.apasuimble corabustiori deviesis sesorilzdrhineour

T ST Sshs 4 Bl B ol AU
ﬁ‘lcr%gb&la‘f%@ hE¥eih gjﬁ'gféﬁgﬁ%%t RaniidrRaffRApRERIY alPAtetrei Yevice 12

ancont al ni n % purge gas, as in the prior
& llustratenl ia Fitnanent 1.nThHe glevicelconsisterof ai roinsewawe vesonaié cavity

338 SR S B A 3 PELTUR, YO o
ggé@%‘,tpﬁfrze@mch% Han8paidhtitd piaidvivesp TasAsert 142 has a

_ Ent , thermal deconposition, deconposition usi rﬁg
giasulad titeirmi sectiors suchathas gesas eatering erViyc 4G through the gas

descri bed i E ' ' A
45351459 Sy a SHRERGA oM BFOLLERY) e Myt 142 may
BRILAG 4a sehEFRIRIgG tharcawity drhoagas/ight! Banityabd isnmeupled to a
device 12 is illustrated in Figure 11. The device
waverguide dnobshpwnldfiat s %@mor_&cﬁ Ag o apsmifyigrqwave
SR v Bk £ G ags behdrber ot within
choitpwa0ds a paieoi oprosedfitdd-eabanciogralectiedes 146 .ntd8, which

égéfe{gfg;g'cg’#f?n% Al SRS e B N BaGRY 1Y, R LBEREEL 146 has a
channel by means of which cooling water can be passed around the electrode
146. In use, the effluent stream is water saturated prior to entering the
abatement device. The water-saturated effluent stream exhaust enters the
cavity 140 through the inlet 144 and spirals around electrodes 146,148 before
entering the gap 150 between electrodes 146,148, wherein it is energised by
the electric field created within the gap 150 by the microwaves entering the
cavity 140 through the dielectric insert 142. By energising the effluent stream
within the gap 150, a plasma is formed, wherein reaction (2) above occurs for
an effluent stream containing CF4. The by-products from the reaction, namely
CO, and HF, leave the cavity 140 through the axial passageway 152 in
electrode 148 prior to being received by the pump 14, 110.
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inlet 144 do so wth a tangential conponent of
velocity. The insert 142 may al so act as a seal nmaking

wo bmeoassety 140 gas tight. Cavity 140 is coupl BCI/GB2@5/002842

wave- gui de (not shown) that is so dinensioned as to
transmt m crowave energy wheg.connected to a 2.45 GHz
m crowave generator. Muwunted within cavity 140 is a
pai r of opposed fiel d-enhancing el ectrodes 146, 148,
whi ch serve to confine thecplpdMi® generated in cavity
140. The el ectrode 146 has™a channel by neans of which
cooling water can be passed around the el ectrode 146.

| h f£fl [ j
10 enfbprAgus fof SEaing ah Bl o8 Sieahfirbhfe Bodlesbgl the
ef fl Uépba@ttﬁ@émr@ﬁ%ﬁ@én aba@hsentideviey fdrcohdertingraagmponent

the inlet 144 and spirals araound el ectrodes 4?,14
bef or ef theteffluagt $m%argapt01%bqwét%&16&°8m%%\%§ a sub-

146, 14 erein it i i i j j

or cat AMGPURTE Pisssyls’ AHAahEoEH BAet pRaIFElA it

t he caphtemdrttdvics il mbeans fal crtveying atiquid to4he pBynp, the
energising the effluent streamwthin the gap 150 ch

pl asnBUMP ¢Qjﬂnﬂﬁlng\ﬂqew@ﬁpmq'@§gb%'ﬁ”b is‘e%%%g’é rgeelying the

for a?ﬁﬁefnlt Qﬁ?én’?ﬁéﬁ%% éthBhgeHES anlitRe MyuRy PEWGHE liquid
from 'y and

€ reactron, nane HF, |eave the cavity,
140 t boowsyling heeand, aindpassutipiayexisustinge selution sompgising

Appar e it anel BaTial sl BHERerttor o s

process tool, the apparatus conprising an abat enent

device for converting a _conponent of the effluent = |

2t r eaApparatus accquding $o Claime! cuhergi fie apatgment device is
subat nospheri,c _pr re i @bl i ide
cvaculp ) eHdo BB e porfieBhE Ordhg BactR Syl kGl tuid
convegbibldicbinpohent that eleps mpactiveethporgaid oompiosenwith
punpi ng mechani sm neans for receiving the effluent

st reaﬁﬂﬂﬂ'@h@ﬁ@cﬂ’lﬂfﬁ%ﬁeﬁ%@%gr‘%ﬁm' the liquid from

the liquid conveying neans, and an outlet for

exhausting a solution conprising the liquid and the

Bi qui dppakathseaccorgiogénClaim 1 e Ciaim 8t wharain the abatement

device is configured to convert a component of the effluent stream into

a liquid-soluble component that is less reactive than said component

with the liquid of the pump.

4. Apparatus according to any preceding claim, wherein the abatement

device comprises means for decomposing a component of the effluent

stream.

5. Apparatus according to Claim 4, wherein the abatement device
comprises a plasma abatement device for generating a plasma to

decompose the component of the effluent stream.
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2. Apparatus according to Caim1l, wherein the
abat enent device is configured to convert a conponent

wo@Roobkessef f | uent streaminto a |iquidsol ubl e cPCPGB20VE/002842

that is |l ess reactive than said conponent w th anot her
conmponent of the effluent stpgam 3. Apparatus
according to CGaiml or aim2, wherein the abatenent
device is configured to convert a conponent of the

g f : “?\Eba?&tﬂ@%@bbr‘&‘iﬁg f hhylprébeamd blotmcwipesinribe ebatement
es

I's reactive than said conponent wth the_|liqui ,
of t hdeyioemomprisgspaeans foraeceviIhgy rgq)cta/wfi%g égrer%aﬁgng with

claim wherein,t a Vi ce conprises neans

f or d@&&lﬂﬂﬁ]%ogﬁﬁ%%ﬁ%‘%gﬁgﬁggﬁfhe ef fl uent stream 5.
Apparatus according to Caim4, wherein the abatenent
devi ce conprises a plasma abat enent ﬂai ce for

dener Apparatus gcaerding & Giaishboyberein e aRdieaRNtsevige
ffl | : ] e
Sf eCggawﬁ%%gi?%a(snﬁ@?%ﬁ%g@%%ﬁ%fl%lgvsﬁ?gm for impinging

conpr upeh the asactiverfluie teforrmeastive species for tgactingiwith the
reacting with a conpgnent of the effluent stream 7.
Appar §0MoRERbPHINGLHIHET SHSA™- | wherein the abat enent
devi ce conpri ses neans for generating an ionised fluid
stream for inpinging upon the reactive fluid to form
Beact iAppasatasiagsofding teaoy iprecading clais, whepRindhe abatement

the effluent stream 8. r ' : ;

pr ece SEMGEQOMPHSEHR F @ﬂ%?ﬁ%%é@%reﬁéiﬁ{eggg iqu hiétthg into the
conpr 'rﬁﬁétio?\ ERpRbéoan idshefuidrdrea@asenfaning npactivengpecies
into the reaction chanmber an ionised fluid stream

cont aifori negctiegudthne cepwenest pbiheaffientirean a

conmponent of the effluent stream 9. Apparatus

according to Caim8, wherein the abatenent device

QONPT ingRaraeeRchating e Olaim 8, whermipthy abaterneniciavice
fluid to form : . .
comprises means for thermally decomposing a reactive fluid to form

the reactive species.

10.  Apparatus according fo any preceding claim, wherein the abatement
device comprises means for thermally decomposing a component of

the effluent stream.

11.  Apparatus according to any preceding claim, wherein the abatement
device is configured to convert a liquid-insoluble component of the

effluent stream into a liquid-soluble component.

12.  Apparatus according to Claim 11, wherein the abatement device is
configured to convert a perfluorinated or hydrofluorocarbon compound

into a substance that is soluble within the liquid of the pump.

13.  Apparatus according to Claim 12, wherein the compound comprises
one of CF4, CzFe, CHF3, Cng, C4F3, NF3 and SFs.
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the reactive species. 10. Apparatus according to any
preceding claim wherein the abatenent device

w@eopioisses nmeans for thermally deconposi ng a CROPGB2005/002842

of the effluent stream 11. Apparatus according to any
preceding claim wherein the sbatenent device is
configured to convert a |iquid-insoluble conponent of
the effluent streaminto a |iquid-sol uble conponent.

43, APRiYARANUS REBRTIAY 1Y ahg prbedding tlaimhereireintthe liquid
abatenment device is configured to convert a

per f | gomprisesaler-hydr of | uor ocar bon conpound into a
substance that is soluble within the liquid of the

punp. 13. Apparatus according to Claim 12, wherein the
qgNPO Wb EAtIBIEcEORling ¢o ahy Grdcediag Glaiti dier€lBFBe pOANS,
NF3 and SF6. 14. Apparatus according to any precedi ng

cl ai meomirises? IHEd rnglRWMBonpri ses wat er. 15.

Appar atus according to any preceding claim wherein

the punp conprises a liquid ring punp. 16. Apparatus
aecor dipparatusamyordingtaiamy of Glainist] teridr wihereindhe pumping
punpi ng mechani sm conpr.i ses i nternmeshing rotors. 17.
Appar SeEhaIB MY 1S5S '@f%mSEmg ¥ein the punpi ng
mechani sm conpri ses a screwtype punpi ng mechani sm

18. A system for evacuating a process chanber, the ]
4¥st epparpivssiacgrding 4e Glainp dGpwherein thewHEPig mechanism

effluent fluid streamfromih and appar at us
accor FOAPHEES£hyC e Qgi%ﬁnéﬁngirﬁwgaﬁﬂ%@wi vi ng and
treating the effluent stream exhaust fromthe punp.
19. A systemaccording to Claim18, wherein the vacu

8 iAsSysiam fgneyacyiing A MiatessHNasrper &R S¥StPELFATRPTISNg @
PressyLe L piifip 18P aRviing Bn'ihientiiid SR85m from the chamber

and apparatus according to any preceding claim for receiving and

treating the effluent stream exhaust from the pump.

19. A system according to Claim 18, wherein the vacuum pump is
configured to exhaust the effluent stream at a pressure in the range
from 10 to 200 mbar.

20. A system according to Claim 18 or Claim 19, wherein the vacuum

pump comprises a multi-stage dry pump.

21. A method of treating an effluent gas stream from a process tool, the
method comprising the steps of conveying the effluent stream to an
abatement device for converting a component of the effluent stream

into a liquid-soluble component at a sub-atmospheric pressure,

conveying the effluent stream from the abatement device to a pump for

at least partially evacuating the abatement device, simultaneously
conveying to the pump a liquid, and exhausting from the pump the

liquid containing the liquid-soluble component of the gas stream.
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20. A systemaccording to Caim18 or Caim 19,
wherei n the vacuum punp conprises a nulti-stage dry

w@evp/008821L. A net hod of treating an effluent gBST/EBR@aN0V2842

froma process tool, the method conprising the steps

of conveying the effluent stpgamto an abat enent

device for converting a conponent of the effluent
streaminto a |iquid-soluble conmponent at a

sub- at nospheric pressure, conveying the effluent

stream from the abatenent device to a pu for;¥

p2ast Apaethiod agcasdingdatGlatn 2Aewasseia fepemaeyerior the effluent

simul t aneously ¢ [ .2 | i.qui .
cxhautienid F eonvered bl e Ebatdifieht Byt B4 RuidGiuble
li qui dogplorBhetzeiless neactivet thengatd sompamea2with another
nmet hod accordi n? to Claim?2 1, wherein a conponent of

the etompenentefibamsffldeniciied®ed by the abat ement

device into a |iquid-soluble conponent that is |ess
reacti ve than said conponent wi th anot her conponent of
phe eifmetitd atcordimg 3L Iain 2dtdratiain &, sihegeinca chapengnt of

L 2y ML 8 SOTRROSHL Bl he LYo a teuia

l'i qui dsp| i b scthvesthah@fd cygpbhant with the
sai d géﬁn%o@éﬁw%%ﬂgﬁp@%glsﬂggﬁr%éﬁ thg punp. 22. A

met hotiqaidagfitle pgimm any of Claims 2 1 to 23, wherein a
conmponent of the effluent streamis deconposed by the
abat enent device. 25. A nmethod according to O ai m 24,

gﬁ.er et s EEorihgae sHyesdiahs [i1rtotds; wiereena component of
evice to deconpose the component of the efflyent

st r eathe efluent seands sesonpasgdtky f@leaﬁtfﬁtéﬁ‘,e“\tnﬁ@}”@?n

the plasma is generated by generating an electric

field between two el ectrodes, and conveying the

obf | uaNinetiidEastdraingelerClaim 24, edtereites plada is grndiated within
according to any of Clains 2 1 to,26, wherei I}
r eact theabatgnaent device to decompose the ¢omponent of the effluent

stream.

26. A method according to Claim 25, wherein the plasma is generated by
generating an electric field between two electrodes, and conveying the

effluent stream between the electrodes.

27. A method according to any of Claims 21 to 26, wherein a reactive fluid
is received by the abatement device for reaction with a component of

the effluent stream.

28. A method according to Claim 27, wherein an ionised fluid stream is
generated Aby the abatement device for impinging upon the reactive
fluid to form reactive species for reacting with the component of the

effluent stream.
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is received by the abatenent device for reaction with
a conponent of the effluent stream 28. A nethod

wa@ewenaisay to C aim 27, wherein an ionised fl upPdI/eBe@anv2842

IS generated by the abatenent device for inpinging
upon the reactive fluid to toym reactive species for
reacting with the conponent of the effluent stream 29.
A nmet hod according to any of Clains 2 1 to 28, wherein

bhe ahat ey SR SURY 6ECRIrAs DIaet a8 windreitbite avatement
a flurd streamcontaining reactive species for

r eact deyicei ddmprisasna seraiiongtharersang adiwd sireagrqrdaining

conveyed .into the re ' i
accor \é??Fd'VteoSp@CéﬁsrT{Oﬁgjgé#ﬁ@r‘&ﬁg?ﬁm‘?%eln&%g?ﬁ %gﬁ]ﬂ{eg t g;(]ream '°
i oni S%an/é%édjirﬁé fiearBaclion .chambdrhod according to any

of Cains 1 to 30, wherein a reactive fluid is

thermal |y deconposed within the abatenent device to

e L S

A ai ngjyY dtrédanm3 1, wherein a conponent of the effl uent
streamis thermally deconposed within the abatenent
device. 33. A nethod according to any of Clains 2 1 to

33, | "SHRiRod abbtdhil #3816 €1cRATENRL0.afhdie a reactive fluid

Streami1s converted into a |iquidsoluble .
conponetiermally iecabgtosad withie the abatement daMidrto form reactive

accordi ng, to d ai m 33,.,wh ' '
Podr oRPaBIesar HAE HBLAGoP o of Mgl ghedth.
abatenent device into a substance that is soluble

within the liquid of the punp. 35. Arre{hod accordin t of
3. O A metdod aheersling torenyehilaimg Zlboispe 1.o¥aeTsHLa gomponent o

cecor drRgmETEyeGit ity (6c et Bine e

I'i qui device.

33. A method according to any of Claims 21 to 32, wherein a liquid-
insoluble component of the effluent stream is converted into a liquid-

soluble component by the abatement device.

34. A method according to Claim 33, wherein a perfluorinated or
hydrofluorocarbon compound is converted by the abatement device

into a substance that is soluble within the liquid of the pump.

35. A method according to Claim 34, wherein the compound comprises
one of CF4, CzFe, CHF3, C3F3, C4F8, NF3 and SFs.

36. A method according to any of Claims 21 to 35, wherein the liquid

comprises water.

37. A method according to any of Claims 21 to 36, wherein the pump

comprises a liquid ring pump.



conprises water. 37. A nethod according to any of
Clains 2 1 to 36, wherein the punp conprises a liquid

w0 povg/opsiep. 38. A nmet hod according to any of C BETEB2003/002842
to 35, wherein the punpi ng mechani sm conpri ses
intermeshing rotors. 39. A metshod according to Caim
38, wherein the punping nmechani smconprises a
screwtype punpi ng nechani sm

38. A method according to any of Claims 21 to 35, wherein the pumping

mechanism comprises intermeshing rotors.

39. A method according to Claim 38, wherein the pumping mechanism

comprises a screw-type pumping mechanism.



