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APPARATUS FOR TREATI NG A GAS STREAM The present

invention relates to apparatus for treating a gas
wa@reogam9sThe i nvention finds particul ar appl i ceCT/GB2006/003704

the treatnment of a gas stream exhaust from a process

chanber used in the sem cangductor or flat panel

di splay industry. A primary step in the fabrication of

sem conductor devices is the formation of a thin film

on a serm APPARAPUSTFORI TREATINGA GAS FTREAN i on of

vapour precursors. Oneé Known technique for depositing

athinfilmon a substrate is chem cal vapour

The (HESER} bl BicreRtes 6 bbaldu§ AT L BRR R BARE O e

inverpioadiris pEhrcdiar apslication i e SolBidric? aodb §0eah dxPaust from
forma thin filmover the surface of the substrate.

a proggasrphamber ugad i the gamicendueior peflat Rrnal dispiainingusty
forma thin filminclude, but are not restricted to:
Silane and ammnia for the formation of a silicon

A primiaty s ih ith@fabrt?dattlan &f semmﬁoh:c@dieﬂndasdssﬁhenhrdmtfmrof a thin

fim oy sEURRIAUGIor kb SraleaY Phemigel Eagiondd HapRHgRraa srs. One
knomﬁﬁ@chﬁhﬁ@f&) Jﬁf&ﬁ‘hﬁ’@é %ﬁln\fﬁ’rﬁ%ﬁ a Eﬁbsﬁé}% i§ QhERfidA @a?%g@n

al um ni um oxi I'n the ep03| t1on process
deposmnd|(CV&})swhmime|cmmoblytm@sma mhraaced alrethmteqhnm@ to

procqRe defes S REPBIRL S BRet e BT i irstife and react
to forhhg tﬁmtfmhrcwee thélewsdes of trmguastr@m@ Ekagipisy 6f ddabdsRupplied
downstream from t he chanber are not so

to fh%elchmsg @aarrma tekypa4kie flmdnelade obtiicare nobsestricied tohe
of %ﬂugﬁg'q% ??fé R4 #&Lth@tf&%nad;*ﬁe&ea BALS il f@é fAfn ! €

general a range of Sizes, few

. mmleﬂQSammma@iﬁbleﬁrums brida fbiemetf@ﬂﬁa@din beagiessiaf,
mcrons in dianmeter, and finer particul ates can t end

* t J RQP PosoNs of @ydedrand ez fop ie farmatioawf a silicon oxide film;
and

o Al(CHs)s and water vapour for the formation of an aluminium oxide film.

In the deposition process, the conditions immediate to the substrate are optimised
to minimise gas-phase reactions and maximise surface reactions for the formation
of a continuous film on the substrate. However, conditions elsewhere in the
chamber and downstream from the chamber are not so optimised, and gas-phase
nucleation can resulf in the formation of particulates. These particulates are
generally formed with a range of sizes, from a few microns in diameter up to a few
tens or hundreds of microns in diameter, and finer particulates can tend to

agglomerate to form larger particulates.

Particulates generated within the chamber can fall on the substrate and cause a
defect in the deposited thin film, or interfere with the mechanical operation of the
deposition system. As a result of this, the inside surface of the process chamber

is regularly cleaned to remove the unwanted particulates from the chamber. One
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Particul ates generated within the chanber can fall on

the substrate and cause a defect in the deposited thin
w0 domo48998 i nterfere with the mechani cal oper at PONGB2006/003704

t he deposition system As a result of this, the inside

surface of the process chaber is regularly cleaned to

renove the unwanted particul ates fromthe chanber.

Onenet hod of cl eaning the chanber is to supply a

methpdrdf Iclesamning theochaimbérigrio sgpphsa pedh:oascd\ﬁﬁomd ¢i2Bning gas

such S 1 of Sk R PG T HE S804t [ i dedRT e
partidi@e8ss conducted within the process chanber, there is

typically a residual anmount of the gas supplied to the
process chanber contained in the gas exhaust fromthe

FolofiRERRSdE or AT BE PSSt ibiaT yBhie fBCess

chanfieDBhe [setypizatly el resiiuabafasias osthely@sSsupplied to the process
erfl uor oconmpounds are greenhouse gases. |In view of
chanthﬂwontfém Y mﬁ@@(mst 98 the Rresessichampge Process gases

such %ETE?@H?%% a aus i g@'hl)ﬁ@é’h‘?%@r&lé if f%w%hgfer&! tBrt%'aCﬂﬁlgséﬁere

he “eX nvert hazard
and ci@aamng glates alich las pexfidarstog@eounds ars grEntousbaiasean lipeiew

of thiE e INSRTPACH R UE (P B1S CUTomiaray abg SElems agbatetus
is oftéf? prdVidéd FPRadehe. exﬂéﬁs%% ROEEnRirt e/ Thbrhagolis L hi n

gas stream conve ed fromth process chanber to
com uom@nmoaft t@ﬁeﬂnhaapbga&m(s spasieb élaat cap ke ceagilygentoveddrom the

exhal i R PR D el PR S Mlbind SR PhECArLo b

exhauﬂ@tjrt@alﬁ@btmasm{@eabaterrent apparatus. For exanple, US
patent no. 6,333,010 descri bes a gas stream treat nent

systemin which a pre-treatnment unit is provided

The pHRSLAGEBT éér‘ggbl{%%eso%itﬁi'n {18% ”ét{lenafrﬁEoH LA B0 the process

conmponent as s e Ooxl S|ng uni t
chambeoto ﬁmjab@rtemdmmpdratubeannem tctibggimglof the iirdelt of the

abate{‘rﬁ?ﬁfa;%rg%. me}%gﬁl%rlgﬁ %qasgr%ﬁyreg{o roe)éril(gjlvaen;tnariti%uIsélslfj«%o %rér%dthe
gas stream upstream from the abatement apparatus. For example, US patent no.
6,333,010 describes a gas stream treatment system in which a pre-treatment unit
is provided upstream from an oxidising unit for oxidising components of the gas
stream. The oxidising unit is provided by a heated tube or electrically fired heater,
into which air or another oxidant is supplied for reacting with the oxidisable
components of the gas stream. The pre-treatment unit is provided by a wet
scrubbing system such as a wet cyclone, wet packed tower or wet spray tower.

Such a pre-treatment unit would be able to remove larger particulates from the gas
stream, which generally provide between 30-50% of the particulates contained
within a gas stream output from a semiconductor process chamber. However, the
remaining, smaller particulates would remain in the gas stream; the smaller
particulates would not be removed by a wet scrubbing system, whereas

agglomerations of smaller particulates would be broken up within the scrubbing
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conponents of the gas stream The pre-treatnent unit
is provided by a wet scrubbing system such as a wet
w@eyehome9s wet packed tower or wet spray tower.PCSIGB2@6/003704

pre-treatnent unit would be able to renove | arger

particul ates fromthe gas -s3feam which generally

provi de between 30-50% of the particul ates contai ned

within a gas stream output froma sem conductor
systepn.o € bissis gleaebaly. ndﬂtmpm@iem twiesrr theeoxidising il Ipeovided by a

i cul gt es. wou |n|nt s stream the
neat&hbecar lsetical Sl aRen avioh DY Eed Gle of Siaund 10 to
25 mifiudbigesyst em V\/nereas aggl onerations of snaller

particul ates woul d be broken up within the

scrubbi ngsystem This is generally not a problem when

oxi di si.ng_uni |ded b d.tube
Currd G Aedie) Fp el R e o B PO ARS Gl o
exhaQéteaffﬂﬂﬁ Ginlétch @ré’éeé@ﬁhdmwblﬁdmi I8 rerRbVé@fbnt rRNgEs stféam
nmove towards fuel -free abatenent techni ques. Gases

with lwh &listienry anihaha reledrelylov €ost usingifoplagaa ahatemepydavice.

inthe POGHE ARG EFABA b G eLH EeBEka B0 in a nioh

InNg-a asne a enen
density plasengpaad nmdeabtdecintarsiver cm&jsﬂ;onﬁ wemgahe glasramspecies

...caused to flowinto a high densit | as nd under
within ﬁ? 93 BRINATE SHIRGIRh IO W‘@ﬁ‘ﬁqﬂ‘”ﬁ%ﬁ%ﬂﬁg&& egyops &gusing
dlsso\é’lattlﬁhrint‘bh%agﬁ% ShéGeE Wi EMPLELRRE WA r‘i o\“hg@ro gen to

energ etic electrons causi ng di ssocl atl on 0 reactive
prodm@emlaiwmwbla:lawpmﬁmtmer exaroprley €hFecanpgragwearted into

odu el y st abl e uct.s. ,For. exa e,
co, EORataTF Pkl ldi el i BB iibatpeht FEBL & ihgrefore
desiraSleny estdritl plabii Aifiteircd@ tdBhniquseR. gddesiekhblel RHPre£CvVD
desirable to extend plasnma abatenent_ techniques to

proceggseanebar{os tfor examplects eepassionciaitle inte &Oz,fetq that a

smgl@ﬁ?émlle% aﬂeﬂ@ Rt eet{)h?lcgjé % ? ’E%eh% Freat ga%esc‘géit\%@t fdm a

gle Tu ree a ue ca
rangéoépﬂxga&agcﬁmhﬁnss froma range of processi ng
chanbers. In order to optim se the destruction
efficiency of plasnma abatenent devices, the

In order to optimise the destruction efficiency of plasma abatement devices, the
inlet to the device is typically of the order of 1 mm?. Consequently, the presence in
a gas stream exhaust from a CVD process chamber of particulates of only a few
microns in diameter can lead to clogging of the inlet of the plasma abatement
device. Therefore, pre-treatment units such as those described in US patent no.
6,333,010 would be unsuitable for use with such an abatement device. Whilst the
plasma abatement device may be configured such that a substantial amount of the
finer particulates pass through the abatement device without adhering to the inlet
of the abatement device or to the internal surfaces of the abatement device,
geometric and electrical constraints of the abatement device may make this
difficult to achieve without compromising the efficiency of the abatement device.
Therefore, it is desirable to remove the finer particulates from the gas stream

upstream from the abatement device.
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inlet to the device is typically of the order of 1
m2. Consequently, the presence in a gas stream
we@xwansto9$ rom a CVD process chanber of parti cuPEt/e82@6/003704

only a fewmcrons in dianeter can |lead to cl oggi ng of
the inlet of the plasma abat enent device. Therefore,
pre-treatnent units such as those described in US
patent no. 6,333,010 would be unsuitable for use with

In a fyatcaspact dbeatprasent iohantion. prafiidestappacatpk demiee aibat @ gest

¢ devi ce mar¥ belconfi ugﬁ%i stlljffh.thﬁ\t .a subs@g\ tial .. th
strealh SPRPTHINY AL'FINR APFH P RN s NBYEE anqp g‘?fr?ﬁ%'vmg e
gas SkRNEBRAL USRI AR tNerehBH], andd1BEtrotati® pkdtgpitdibefor mblfg

_abatenment device or to the internal surfaces of the
particitates fion thregas stregededbhibi clogying etthe inlet of Sresabatiement
devic%f t he abatenent device may nmake this difficult to
achi eve without conprom sing the efficiency of the
abat enent device. Therefore, it is desirable to renove
the finer particulates fromthe gas stream upstream

By useg ghan glecipatedismieciniiaioradreferablyia wet glestiestaticpsecipitator, a

. . , o .
ol P A B SR ARRZER Shof UG R BiiButaes
(gendrally regsdhamn MDahicfans inediameitery geherajed withireandevedstream from

m t here rF‘Q an el ectrostat,ic 1?reci itator for

pst f :
a serpEANGGlG’ pracers GhAMETs PIo 8 RY-RYQEUS FYRA teRciiRROGPYITing
Withirgfcr@ﬂjo%s@&héﬂ%eh_r&aﬁ be,oferﬁ&?\?ecﬁﬁéﬁﬁ'ﬁ%@asd@fﬁé;ﬁ ge\%e’r{e%ﬁé gas

an electrostatic precipitator, pretera
stream entersiheaplasmprahsteinent devica. Consenuentyy, g hlasma

ot R4} Pt HE 5Bt DEDITE, 22 SRS AR bge re

streagh, alfewitig) moanfreatieth inithd dasigh cfans pldseaamabaeént device, in
. sem conduct or process chanber, or as a by-product from
particylgrdhe diyneter o the inetip the Rlasha phaicarentdexisse o optimise
: r§=%rg re the gas stream
abat%ﬁ?@?ﬁ?‘%&%ﬁ?\@ﬁ%%%é@%t evtlp(%erﬁ' Consequently, the
pl asma abat enent devi ce can be exposed to a cl ean,
stream .all ow né;

substanti al | rticul ate-free.
The G5t shtsnd eI S ledieli BBty hei b adrarain
atmo&isherkeprek8ure, or at a sub-atmospheric pressure, for example between 50
and 200 mbar.

The plasma abatement device may be provided with a plurality of inlets each for
receiving a respective gas stream, in which case an electrostatic precipitator may
be provided upstream‘from each respective inlet. The individual electrostatic
precipitators may be powered from separate power supplies, or they may be

powered from a common power supply.

One or more further devices may be located between the, or each, electrostatic

precipitator and the plasma abatement device.

An additional electrostatic precipitator may be provided downstream from the

plasma abatement device to inhibit the emission from the apparatus of particulates
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particular the dianeter of the inlet to the plasm
abat enent device, to optim se abatenent of one or nore
waep@cienIof the gas stream The gas stream ent BCT/G§2G00©03704

el ectrostatic precipitator nay be at or around

at nospheric pressure, or atba sub-atnospheric

pressure, for exanple between 50 and 200 nbar. The

pl asma abat enment device nmay be provided with a
genepatedatithiy thef plashret sbatantent devncecﬁejr\eixampde das’pgtthné gkatement

of g o BINEARBHC b Sge6o Bt Mecb PBRin FhaiemestAevice. Again,

one ¢raRBRCAUrNRr dBlREs nTéyEbe nsHated Batwsd et gasmbl dbatement
prem{)l tators my powered from separate power

devicsugipd l@saddmonai@}emtat@ peaipitatbrf r om a conmmon power
supply. One or nore further devices may be | ocated
bet ween the, or each, electrostatic precipitator and

The, bheaph aﬁéﬁtr@élaﬁ@ﬁmﬁiplf&dﬂ ®ey bda akddielddddtatic precipitator. 1f a
el ectrostatic precipitator nmay be provi ded downstream

pluraliysthelerarqsitaticner csipiietore mre geevided .t water asrtain may be
proa B S SERIEBRIALAS 6 PSS RIS Al

moret prefexblallydyyesn tomimen systemoto retihee cosist d- f or m ng gases

within the plasm abatenent device. Again, one or nore
further devices may be | ocated between the plasna

In a SRBhEHR Pbcfj fe %F‘es%‘ﬁ@ﬂ\}éﬁtléﬁ ?o'rc?\}@é@b rﬁét%%ﬁrd?gtlte%hgt  gas

preci pitator. , or each ectrostatic precip
streamayh@meiho@compelsmgdgedmgcthprg@@ Pieemn into A plasma abatement

I i ost tilc ecipi,tators ar vi ded,
devid Hfid dn et hieeh BT b SaBlfeR e LBR et aies o
abatghént duviced, Géedllvlg ghé gapeaebMeinge pAMArasYSiEecpitaitrie

preferably a conmmon systemto reduce costs. In a

remog@cp@mp%tsééﬁom theeops §§'@ﬁﬁfﬂ thﬁmmodﬂhlbﬂ@\wm af theintsd of
the a?&etéab’iﬁ ng ﬂ:e"." A&y s%hé%’cma hég tﬁggﬁtfg%g?@ént{@subsquently

egass reamlno dev
fed intb molagiditional elestrostadicqoecipiatbr td egraove friogethebyas stream

parhcn.ﬁasiteg %jgrrpe|f’art((e)(r1)1 V\}itrr]uen the plasma abatement device.

Features described above in relation to the first aspect of the invention may be

equally applied to the second aspect, and vice versa.

Preferred features of the present invention will now be described, by way of
example only, with reference to the accompanying Figure 1, which illustrates

schematically an apparatus for treating a gas stream.

The apparatus comprises a plasma abatement device 10 for abating one or more
species of a gas stream. In this example, the abatement device 10 comprises a
first inlet 12 and a second inlet 14 each for receiving a gas stream exhaust from a
semiconductor or flat pane! process chamber 16, 18. However, the abatement
device 10 may have any number (one or more) of inlets. Each inlet 12, 14

preferably comprises an aperture having a diameter in the range from 1 to 5 mm.
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abat enent device, feeding the gas streaminto an
el ectrostatic precipitator to renove particulates from
w0 b®79#99%t r eam t hereby to inhibit cloggi ng of PETIEB2006/003704
inlet of the abatenent device. As discussed above, the
gas stream may be subsequenbly fed into an additiona
el ectrostatic precipitator to renove fromthe gas
stream particul ates generated within the plasna
abat ement devi ce. Features described above in relation

The SBaleftant sV iona LGy i Biapiad DALY SHidh giead baidment

devidd ﬁfr%‘bbﬁﬁ%béééé' eRAaGst fFAIR PHRSeSS chamBBE, if8PeXdhplenow
be described, by way of exanple ngy’ with reference

perfluerochmpasindigieaning gaseg aueh as Nifs, & sianduSshreaied unconsumed

procifL o i 4o SBr RS 4R pHlnaaINER  BreTae P B
suitabRy plabial dishtemenotewre ¢s apeictRsavdf plasgrsalsdteRimt dedice. In
this exanple, the abatenment device 10 conprises a

one Knqwn mignoxave plasipaabatermaat ieghaiquesthesgas stseam is conveyed

o § ARGOUENS o088 AP T8 bl BB TS PR Mg
micrabave radidticteio genet@teraynibroveavenylasmatieom (ooeeoranorer e)
L o
with fH8 J&]ﬁ@@%}t@'ﬁﬂ‘ie §§¥ bﬁ@a%ﬂo"@é’a@@t}p@rrﬁé( Q@Q:ogﬁ&g?éﬁl’ to the

suitab asma abat enent device for abatin ases

reaciox chagber.r bor exanple ydarhtietgss, tofler akatadps e perfluorinated or

rfluoraocaonpound cl.eanin ases NE 4._a
nyar @3t SR A R e A0 PR E 358 o LG i ombir e Lo
NF; &% ), anshaamisiioh 49\H3br H,On@ag b adrve9éd antdUhé adchant

_plasma abat enent device is a m crowave pl asna
cavity ke farme Rt ordeii radicalsiwiiie the plasnia EQH@BQE“Q)W&B ¥@e gas to be

abatdpatenent technique, the gas streamis conveyed into a

m crowave resonant cavity within a reactor chanber,
the device using mcrowave radiation to generate a
no

1 Cr owayv | asma. f,rom one or re co nent s of. e ,
AnotfEk S TS 5119 oY BRI 6T STRRAONG  Aisledre i, @ hioh
frequeP§ suffice-wave exciter being used to produce surface waves that
generate a plasma within the tube to dissociate the components of the gas stream.
The plasma may be generated using radiation at a frequency of around 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 dc plasma gun, in which an electric arc is
created between a water-cooled nozzle (anode) and a centrally located cathode.
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with the conponents of the gas streamto be abated may
be conveyed to the reactor chanber. For exanple, when
W0 b@7g#99%8 0 be abated is a perfluorinated or PCT/GB2006/003704

hydr of | uor ocar bon conpound, for exanple, one of CF4,
C2F6, CHF3, C3F8, C4F8, NR37and SF6, a reactant such
as H2 or H20 nay be conveyed into the resonant cavity
to formHor OHradicals within the plasma for

Returréiag to Figuse th ahhelegiesstaiic preciiiated20, ﬁBQO‘BFmDVIHGd\Mpstream
techni vey the gas stream.in

from GREndREt 12, 14 egthed&ﬁﬁw ab%am@nwewe@ﬂge Hlam&eéweea dhe
plasiiE BRIAREMN ARy 30,470 R0 S Baint 3o, 3T Bpbose of
the e!létﬂrcgsdaaiicsmreemrtato'fhs tptremmove pasticolatge centairedt! withinghe gas

adi_at.ion at .a uency, of aroqund
streagy passing hetitoupt; BeSoTgitas aae suivaim,eieey Uik GeRic abatgment
devided1@gleconpose these conponents. As is well known, a
gl ow di scharge is a | um nous, thermal plasma f or med by
appl ying to a gas a voltage that is greater than the

in thg R AT e R B0 Sant Pike s 20 R EIER R el
electfeytai@xpieipitaiyr, althougna diy erdviogtatierprabipiator dméyﬂél@érﬁatlvely
Such_a di scharge may be generat ed using a dc plasma

be usgish. The\CARTGYTaHEN 6f Bowe Qlogiresinlc prasiniBioBURBEFAll well
knom)’r‘?ttaﬁ’d ds‘b"\&in%t%%zr}és%nbgﬂ%’%ta?%r r‘?%{aﬁ)ué\y e%é’é‘f?\k@f’

turnin an” el ectros
electmséauqoplte@tmtatcmﬂo 22 cemprised aﬁeldasirm”(ef electrostaitic ehamber each

nous\t) S, BiincHe ElRetiRCRS ok BGEk GHlEHE. HBIRALY bEDvR 2P 30 V.

is apBF SF RSthed1ashsdSs, With the. |nﬂ_é\3w§WbP£h%ecr@‘ml§é}eoemg held atOVto
| ectrostatic précipitator is to renove Eartlcu at es

Qenecaiﬁtaaccpr@aaWBnmlqapttqqséatgc@d;ly@ha@gﬁﬁl@d)swith@ eahenbesudis the

s B B 753 RAIRCEAu DRl B AR e cos

streapi Betdrnt aleutrieflly chargéd pha\dréedirioted towards the chamber wall.
In order to prevent the walls from becoming caked with particulates, the chamber
wall is continuously washed by recirculated water so that the particulates are
washed from the wall into a sump. Waste water containing particulates and any
water-soluble gases contained in the gas stream can be subsequently drained

from the sump for disposal or further treatment as appropriate.

By optimising the number of electrostatic chambers and the residence time of the
gas stream within the electrostatic chambers, the majority, preferably between 95
and 99%, of the particulates contained within the gas stream entering the wet
electrostatic precipitator can be removed as the gas stream passes through the
electrostatic precipitator, thereby inhibiting clogging of the inlets 12, 14 of the

plasma abatement device 10.

As illustrated in Figure 1, an additional electrostatic precipitator 24 may be

provided downstream from the plasma abatement device 10. Similar to the
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el ectrostatic precipitator, although a dry

el ectrostatic precipitator may alternatively be used.
wab@7oe98 gurati on of a wet el ectrostatic precP@i/GRBR@E/003704

is generally well known, and so will not be descri bed

in detail here. In overview§-each wet electrostatic

precipitator 20, 22 conprises at |east one

el ectrostati c chanber each housing one or nore

electedmalﬁaf p:m:lplta@ol’slzm 220irt thgeexamplecthel addittdnat efecostatid
o the el ectrodes,, wwth the inner

precmﬁﬁor &4 ig w&g\eﬁ%ﬁg&a el pigciesiatiaprecivitatar plihergh e &y

e t he
cecE BN ek goh sy inthbe lasaeTl St ep |1
electpmtaﬁiccpttea:imisat«mnawhaad amsltrhlan cbhfmgtga’eorsto tenelbetrostatic

S A R A I S R T
AbatERefibNsheaks duwh b8 sﬂéﬁé WithirpfrRSplasie fdaahent welite '1@ can

continuously washed by recircul ated water so that th

genep@tetswdlmrﬁ@lam swesrasaSIGzoandise thaluseiaitan additional

elootifafo Wil B Robh 4 RS8R HheBnt drvies e

inhibB l@bmﬂml@é ltiye éﬁ%ﬂ@ﬂ of particultes from fheraghisaesal or
further treatnment as appropriate. By optimsing the
nunber of electrostatic chanbers and the residence
time of the gas streamw thin the electrostatic
chanbers, the majority, preferably between 95 and 99%
of the particulates contained within the gas stream
entering the wet electrostatic precipitator can be
renoved as the gas stream passes through the
el ectrostatic precipitator, thereby inhibiting
clogging of the inlets 12, 14 of the plasm abat enent
device 10. As illustrated in Figure 1, an additiona
el ectrostatic precipitator 24 may be provi ded
downstream from t he pl asma abat enent devi ce 10.
Simlar to theelectrostatic precipitators 20, 22, in
this exanple the additional electrostatic precipitator
24 is provided by a wet electrostatic precipitator,
al though a dry electrostatic precipitator may
alternatively be used. The additional wet
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el ectrostatic precipitator may have a simlar
configuration to the electrostatic precipitators 20,
wWQ2oopoesopgied upstream from t he pl asma abat enenPCTHEBR@®E/003704
10. Abatenent of species such as silane within the
pl asma abat enment device 10-8an generate solid
particul ates such as Si 2, and so the use of an
additional electrostatic precipitator downstream from
t he pl asma abatenent device 10 can inhibit or mnimse
hg em ssion of particulates fromthe apparatus. CLAI M5
CLAM Apparatus for treating a gas stream conprising a
pl asma abat ement device having an inlet for receiving
the gas stream and, upstreamtherefrom an
1. el ect r dSpperatuspgoe trepiin@bqasf direamencompigsipg et plasinatamtement

o e S S0 sl R B S

G ai m khetdinel dh blketrBSREE Psiphater RSraehVirR] Particulates from
conprises a wet electrostatic precipitator. 3

Appar atthe gassdiedgimtp inbild elpaging@f ek iileh of thelabatementhe
abat ene t\/i %evi ce conprises a plurality of inlets each
for receiving a respective gas stream the apparatus
conprising a plurality of said electrostatic
precipitators each | ocated upstreamfrom a respective

2. inlet diprataiusiacspidingde Sham Tawhered the elsspastafigprecipitator
accor didigh LAY wal BeALBGE|FbApIERRPY | Si g an
e pItator

addi ti onal ectrostatic precl | ocat ed
downstream fromthe plasnma abat enent devi ce.

5.
Appar at us accordi ng,to, Cl.ai.m 4, erein the.additjonal
3. of ect r RRATRLISHAOIING 48 GroiEh or LAk 2 whgtei e Sbstement
el ect r Qv @orﬁPﬁ@é@a Tofdr8lity of inlSRPSEH 168 réc&AnE i@ spective
any preceding claim wherein the plasna
gas stream, the apparatus comprising a plurality of said electrostatic
precipitators each located upstream from a respective inlet of the

plasma abatement device.

4. Apparatus according to any preceding claim, comprising an
additional electrostatic precipitator located downstream from the

plasma abatement device.

5. Apparatus according to Claim 4, wherein the additional electrostatic

precipitator comprises a wet electrostatic precipitator.

6. Apparatus according to any preceding claim, wherein the plasma
abatement device comprises means for receiving a fluid for reacting

with a component of the gas stream.

7. Apparatus according to any preceding claim, wherein the plasma

abatement device comprises a microwave plasma abatement device.
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abat ement device conprises neans for receiving a fluid
for reacting with a conponent of the gas stream 7.

wWeppanass according to any preceding claim wWer/eBr006/003704

10.

11.

12.

the pl asna abat enment device conprises a m crowave

pl asma abat enent devi ce. 8- 18ppar atus according to any

of Clains 1 to 6, wherein the plasna abatenent device
conprises a dc plasma torch. 9. Apparatus according to
any pr eyguirafyscAcrondingte aay of CGlainty 1 é@6hwhetaih the plasma
conprises an aperture having a dianeter in the range
from 1 ABGtERRE 9\ice ROMBYIRER 2ciC PRSMA 1B gas stream
the nethod conprising feeding the gas streaminto a

pl asma abat enment devi ce through an inlet thereof, and
char actAppasatiisaccouisg te any forecading chdirat wivergin diee bc each
feedinq Itpe r%?)s stream i,nt o, an eIeIroegtatig i 11
preci pittigt 6PMPESPRADAPERLTS PaYingadiamelsy infheggage from 1 to
streamsg gfeby to inhibit clogging of the inlet of the
abatement device. 11. A nmethod according to O aim 10,
wherein the gas streamis subsequently fed into an

addi ti . at | recipi t r . .
the gad ClsHREBLERRHR p SeB e, BbahehPe Y Rud RBaing
pl asma thd gherstrebndiens agplasida abat@hbodd@destitbogh b inlet
Claim10 or Gr@érg?ll, CONMpri sSi ng@conveyi ng to the .
abat emihereghAncechararigriged by, HaalEeamdrain the abatameniciavice,
of the {gag§ingth&88% stream into an electrostatic precipitator to remove
particulates from the gas stream thereby to inhibit clogging of the

inlet of the abatement device.

A method according to Claim 10, wherein the gas stream is
subsequently fed into an additional electrostatic precipitator to
remove from the gas stream particulates generated within the plasma

abatement device.

A method according to Claim 10 or Claim 11, comprising conveying
to the abatement device a fiuid for reacting with a component of the

gas stream.



