METHOD OF TREATI NG GAS The present invention relates to a nethod of,
and apparatus for, treating gas exhausted from a process chanber.

Vari ous diWheneniusgases may be supplied to a process charierzo0bisosidg
the formation of a sem conductor or flat panel display device within
the chanber. In a chem cal vapour deposition process, gases are
supplied to a process chanber housing the substrate and react to form
a thin filmover the surface of the substrate. For exanple, a LPCVD
(1 ow pressure chem cal vapﬁﬁ[ giaofﬁﬁigﬂi gitgige process uses DCS
(dichlorosil ane) and ammo ! BAY ide on the surface
of a wafer. In an etch process, gases such as boron trichloride and

chlorine may be supplied to the chanber to renove unwanted al um ni um
and in a pokpsesdant sivestienrglaieede g methed shandrrnarales o epling 082 are

supplied j ases such as the perfluorinated:
corrpounds%%?gﬂgﬁ{wc%ga@é@?egnd fluorine (F2) may be

periodically supplied to the chanber to clean unwanted deposits from
t he chanber.. So of .t hese pragcesses. I .t f [ of
condens abﬁé‘”gb%@%&é‘?mﬁﬁéei %ep?'bocoi@ @%Srﬁ’?%\fdeg%&g@%r%ﬁﬁé (lt:tﬁé]can
react W t Foreies of a@enikehduetidrar flatpamal aisphayodeviod withindhe chiwabert al
etch process can_produce al unm nium chl oride, each of which can

readi |y cHhBEReIGH YAROUrdeROF PR IPIPRESSxE358iaG SHPBYRY 0 RIRSHER
outl et tocRaNBEMNEN cUapdirbfe tibaaeR Bih AUBIERIn RINthdsugdwnber

t he exhaust I?l'l ne | eading fromthe vacuum punp and/or within the

vacuum punpthetssbsiraterorsorapiie. TRCYPIPYhPissEYe SmiGA@POERd to the
format | on yRho GRNATARAL HFoRREUsES DAY (MRMILIEHARY abd driftfonia to form
rrde. cdndens 0 u

tetrachlo I on parti ates wt'hin the punp can
resul t i nsiliben fitlide oy thef surfeseveicanafer.umamgichinsacense 08seRBYREIs t he

rotor and_st at.ar el . j unpi n
per  or manbaaHACPYFERAR) REkFREbY Suep R B baiopReRiovd; TP 10
CO][anDn pr anWhﬁtedtaMmi;mphyamm mp?lysiﬁmrgetcg@u;%casyphylntbggn bidmidgen, at
a flowrate of around 40 1o 5Q s tp ¢ exhaust |in [ .10 one or
nore pur g@”ﬁ&hpé'nﬁﬁr‘? ﬁ'éW)?E’JB?W%Gﬁ%"B%r' x‘&a%‘ggtﬁéeﬁgl‘"&l %F' S essure of
t he condepsaRbAnSBEGoRHONNESIOF,f BsFHNIFR aht SFsYandiffuaineMHaFhay be
substantially no condensation takes place within é‘ge unp.
Per f | uor i Refiedicalyrappied ihingFhpaies t‘gF'@aBr“é‘%‘HFﬁ% @é@%m so in
vi ew of tegémbgﬁ’fore the exhaust gas is vented to the atnosphere, an
evi ce

abat enent is typically provided to treat the exhaust gas to
convert the PFC gases into species that can be readily renoved from

the exhaﬁéﬁ@n%& Pr%éeggésemgﬁ égégﬁ%ﬁg%@gﬁﬁoﬁ%ana&%abw&iesmn be

safely ex he “at nosp In view of the .
rel ati vel TheiLPICWD preceas eaofproduragdH gl svhiaiiozh neact With exteassamiganiai n

conpari so o the flo of e r oce
Cranoer " O bty chirEechng s EREHih BRe< i pGuBe 00050

3 ignific igh{n}inidﬁféi?aﬁ%,tﬁmhdﬁwmm@m:maﬁﬂyf b@’:dﬁmtsyb vm'fhtir?] tres mﬁahe{re nt

evli ce. at enen ecnnaol o ma I Nvol ve contactl n e exnaus as
Wi th of t heKePEREHTAR (e shartber tieh oA VEFITE PUTIRLTE GRUTRERS <o tho
hi gher th%xmgs‘feé 16 thalchahibepUab eikhsustiias &ERIMg e the vabhemlgenwgs t he

contact tine between the exhaust gas and these surfaces or
di schar geandianwithisribe vereumawenp itsil. de pArSilienn ieh PEpeass\panaifss | s

particul agly, .l o ' : j cl eani ng
gases sucLeaﬁstO%Féarﬁ%tt'g‘}@fE%‘?‘%:ms%? Eaetn%eﬁ%}% b@eééertlg@%lt/%%&ﬂi fficult to
destroy. tetrazhfdridet CGapleosatidrhel parbadaies withenthe@unme oam dessiltdn thet hod
of treatin as exhausted froma process ch er,, .th t hqd
Compr o1 nglog et espeast OBiEgPAGTERS bedEnae gater pBT s EmeR .
and conveyf i Juien, Q8AdHS to 835sd srplnidiRg puHBmishcearrbaltiegesl pdepi ce,
wherein purge gas is added to the exhaust gas upstreamfromthe
failure. " In view of this, it is common practice to supply an inert purge gas,

typically nitrogen, at a flow rate of around 40 to 50 slm to the exhaust line or
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2 SUBSTI TUTE SHEET (RULE 26) is such that the exhaust gas contains
one or nore condensabl e speci es such as amoni um chl ori de, al um ni um
chl ori de awo 2wd7osmon tetrachl ori de, when a devi ce proceasIidwposd @Bl S
bei ng conducted in the chanber, the anmount of purge gas added to the
exhaust gas may be increased, or naintained at a relatively high

| evel, to reduce the partial pressure of the condensable species to a
val ue at whi ch condensation of the condensable species is

substantially inhibited, ther tect ] S
contains. 1P ebpobaie rithe bl Sl BRCER Ak kliSaBt Hs T8 Aro5u e
added to phehesdrasbablaspadiys Rethimibegasep fo avalreiat wicresulatardially
relatively high level, to flush the corrosive fromthe punp.

Al t er nat i eIGPNdgpsafird tekenBlerg WithiehetERxhaust gas cont ai ns
hydrogen, or at |east a predeterm ned anount of hydrogen, the anpunt
of purge gas added to the exhaust gas may be adjusted to a val ue_that
i nhi bi ts Pacluatnatethi{RRe)slednjng 9aess aretAHPaniNEeasHS 1 BURSUE G SBunp
inlet, ther ' j R I ' j AR

ef fici enc@'g%%ﬁﬁtﬁ%%éﬁhg%s@ Sdgg%ﬂg}éﬁ g?fr%bgﬁ%gféﬁ%@na cont a?ﬁllgng
conponent defioe iskmiqallg pFided ta tpmat thaiexhaust gas tmeovectihad RG-gasae3

d , . i1l c. in littl |
condensabitio shetiadnatany teserfil st tim Tof GusE8an et SnPhe
exhaust ga§ cdRYelttorizegsroBbing cindier cdraba edfelt exhausteatiowieéy | ow | evel ,

in order to increase the destruction efficiency of that gas, and

t her eby oBfmﬁ?@'@r?hglomﬁ'érﬁ%‘rﬁ'@wo‘?#tgﬁé?laé‘ééY ﬁigﬁ flowy @%%P Pr‘gﬁ? Fevi ce

| ocated dguRslkERIB &ERIE Gifs IRWHRnpaFRBR e Gicliow Fatd of BrOBh-asPEas t he
present invention provideS a nethod of treati n%ﬁgas_exhausted froma

process cliafbthe preceds eamberi(ypicalnarayl 2siaycBRPAHONLTPUIPERF ed at
different cratn @%ﬁaﬁ%ﬁ@&%ﬁ% SRS SR 'e%ié(?)ﬂfc{r I BPareRRhEHEIRS

conponent , conprising the steps conveyi ng t he exhaust

gas to a wheiamepueghnadegy meyivgivercartiecteghbe sxhajet ges avithteidepunp to
an abat enen i el I : S
apst r eam Tt Epat BFRGh rEtTsSRbs AU R HANE R REHONES, |
t he exhausateghsugathegbatefriens teviad Ltbeubwer theeohtacstimgdstiveens thgpl i ed
to the procge chanber,, and econ al ue, _| r t the first

val i, bnentai SecotnasteyBS saRg aaf fRhet ¥ ehaf o
SUBSTI TUT BeSirtrEtibn(Riien&6) Thid kepatowlally biipdrting ¢ ghstioadddide t o t he
exhaust gas nmay be subsequently increél%ed

\ sai d :
f 1 uor i ne- PEHIUSTIRAIRY TeRnYaheazes IRAS g@?g\gg—g&”i“@at?rﬂ tode exhaust ed
from the ghavdietifid W to@wapy.e when the exhaust gas contains one or
nor e condensable speci es.

In a first aspect, the present invention provides a method of treating gas
exhausted from a process chamber, the method comprising the steps of
conveying the exhaust gas to a vacuum pump, and conveying the exhaust
gas from the pump to an abatement device, wherein purge gas is added to
the exhaust gas upstream from the abatement device, the amount of purge
gas added to the exhaust gas being controlled to optimise the abatement of

the exhaust gas.

The supply of purge gas such as nitrogen or argon can be optimised
according to the composition of the exhaust gas, or of the gases supplied io

the process chamber. For example, when the composition of the exhaust gas
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The amount of purge gas added to the exhaust gas is preferably
adjusted in response to the reception of data indicative of the
vari ati on aio Zobm4e@gposi ti on of the exhaust gas. I n a pralEEI6G03597
enbodi ment, the exhaust gas is exhaust froma chanber of a process
tool, with the data indicative of the variation of the chem stry of
t he exhaust gas being supplied by the process tool. Alternatively,
the data may be suppl ied by a host conputer that receives the data

fromthe proc or froma,sensor |oca er
bnd the. pisiciiet i &gt G AIRT 08P 5T BT RANCEATDE SHOdsRAE
conposi ti @8 hmbARINYaFloE4E RIIIBRIUN® chidfide Radixticonasirddhiutidehivbietlat a t he
conposi tion of the exhaust gas, and so the anpunt of condensable

speci es t HaViCRPIPeRSSIGTIER @rhew epnduated nethg shambghdhe gapUpk O
pr edi ct edtpugié %ﬁ?ﬁ@é@to thB&xRaN @t@%ﬁ'n%&gﬁ@%cﬁ@&s@dvﬁr fdjitaihedaeat i ve of

the varia as conposi t1on obfal ned E/ noni toring one or
nmor e vari aightvely blgl‘demlrtmlrede&e hepariapressusappihe m@eﬂmblﬁépp@@%ess

Gases 1o 198 ARGCROERGaftealh Bl tbrRbnfRIE AR ltbusmioRly ) 19
of one or 1rﬂ‘ﬁﬁ5i%dﬁ@ebﬂ/ pmt&gtm?rr‘:gé b?g?efs\ghgﬁdm gad bmntgmsraecam:tse/eat o

whi ch tected
exapl o by HbAS O NGk BIRAo QB AHEs 90 HSLOIB FBeI RS DOk ge
gas may begecafsledséd driteaiptirdsit J0efkiiveltHigBval td Misttivensimere f rom
the punp. If the punp is a multi-stage punp, the ggasr’r%

al ternati iféﬂythed?u%dﬂt?@qﬁ}’ew’ or @éid&t?aé@m{@l%@e@%ﬁa&%% LN en
stages of p&.%ge B atTQ taéoafeeeﬁ%lrfé%rﬁ&m wé@)gaﬁythétanﬁcﬁmt%f

techni que for a ating t e exhaust gas wt required efficiency. A
pr ef er r ed ptiegshgrsjaedgdstodhp |ea§a@tgaamwem 8ﬂb‘§’?ﬁﬁi tgeevalyg theg indiibitser ~ a

forch to° 2BURSMBaR Gy Rfodbalily BBt Rt I bumdnby bleby =)
used t o abhwdistatiiveg exélatisdly grb, hydl"cmea!rmunpmgfeffpmrgw gas added to the

exhaust gas is preferably maintai ned above a predeterm ned | evel, for
exanpl e between 5 and 15 sIm in order to maintain the gas flowrate

through t ighabieambastigas amtaihoudlubtins-containmgedrepehentHor ezampld e,
if the abatenment devijc ses a pla ate t techn ue taq. abate
the gas, &rPHRNFGHNEAREIFS YD r%é%%ﬁﬁ%tﬁ%%\% $AM§lice to
fall bel opohtidlithe %dﬁb%magleéls beysidepaabeidpeeics! Hed sbeiecamptinpsfocess.
Consequently, if insufficient purge gas is added to the exhaust gas

upst r eam PHEA @3S pedecblorihe pehaysigas neY b EeieRE; O MBINAIRMEL df pur ge
gas added dgdj ésﬁo%iéggﬁﬁn Sier APNBTREE ¥R HEQPCIBE chteNahcTRY 1t 3d] ust ed

to maintaint ow rate through the abatenent device above this
m ni mum | eméltherﬁhe optiminst the fabpiampent 94 thad gasdintan abederarhtdRMceyas my

be adj ust pplied to
t he exhaugq%agas. rpegdxnélﬂ'g €, E‘;u\%ﬂ'i ab"s[}gfcﬁlg\?v%%tgpg%%%@tlt@% such as
a val ve npyedent pventicte grdvittes\semgttog dftiesating gaatexnmusmd fronge pyaess s

ontrol 11 FERPRE EonAes e fecasrEER ok Chrt o et dfemtfmesui 1

vari ati onyf sddidCERespristiy #fluddiie-exdtalntig efiporie, thahesthdd Whi ch
purge gas is supplied to the exhaust gas may be vari ed betvveen 5 and

100 sl m p@mpé'ﬁ@sﬁh@smsméﬁmﬁy%we haus) Jascl9en Gy bR ReaNd
conposi t i Eﬂnﬁgiﬁgﬂ ee&?'%%ttmm EPFTB%H%tn SRFeBNt AR DAYAdin9as
froma proces I C

em cal vapour deposition process
i s perfor pethe gas krasided te Hzam@drraushgamuwrwm foohthprabatarsentsigy®et or med
on a met altheoém%ﬁn 0 pnudrlgjg tggs added to the exhaust gas having a first value when
the first gas is supplied to the process chamber, and a second value, fower

than the first value, when the second gas is supplied to the process chamber.
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In a third aspect the present invention provides apparatus for
treating a gas exhausted from a process chanber, the apparatus
conpri si ngwa wexussays punp for recei ving the exhaust gas HomeBIbR003597
process chanber, an abatenent device for receiving the exhaust gas
fromthe punp, a purge gas supply system for adding purge gas to the
exhaust gas upstream fromthe abatement 5 SUBSTI TUTE SHEET ( RULE 26)
device, and a control systemfor adjusting the anount of purge gas

as. 1 a Magrnsetion s SRledthife hOT GRS Pl pdadt dRuliar L o,

treating s hBsstad fluofine-aopaintessorapandreris ho lovyec Bupplieidrts;  gas
and a second gas are supplied at differe econd

' , th
conpri si ngr &xkausied e Sir ahambey ﬁﬁ%’ﬁ‘@[%‘{"}l!?'ﬁeaﬁ%ﬁ%é g ¢ [r%gsi ng

a vacuum puaR-hQire'@nakNsdle Shscigxhaust gas fromthe process chanber,
an abatenent device for receiving the exhaust gas fromthe punp, a

purge gas supply system for addi ng purge gas to the exhaust gas

upst r eam %%e@ng%d%?ﬁgfd%@érs AR5 T%%‘E%%OSQ@E% riée) %e?é/rébﬁgﬂd‘]‘l%@ed in

adjusting t ge gas a aust “gas such that
t he anpuntesponpertgthegesepticredf data irdicativh afi the variationof the corgpositidrue

vatue. 1 oRkia editshdad P bt SlfeRiiiE e BARRS nes L SlBF o0
the p { oc ef@{rﬁa @_ﬁémbe{' beabrscess @t&ﬁﬁm'ﬂbm cilma\irgzllid:a‘titveejfamé earidtion mft ho?
aspects o e I nventi on re equ y a | C 0 a r uUs aspects
of the i nieEhIRistryofthe %fg%?b?ﬁ%fsﬁg%e@a‘?%ﬁ?&reeg%?msﬁe opregent

i nvention A‘{’fétd]altigﬁ& tlg% difts GhayssiswpiBd befLhed Geniputétthatreconpaiig ng

drawing, In lgure 17 llustrateS a first enbodinment of an
appar at us date fremdhe Preress Sodx WA arsedFPhlogriscRaiweRR MRS 1am0ber

and the pump. The data may alternatively be indicative of the composition of
the gas supplied to the chamber, as from this data the composition of the
exhaust gas, and so the amount of condensable species that would be
present within the exhaust gas, may be predicted. For example, the controiler
may receive data indicative of the variation of the gas composition obtained
by monitoring one or more variable flow control devices used to supply gas to
the process chamber. The opening and closing of one or more valves for
supplying gases fo the process chamber may be detected, and/or the
conductance of one or more mass flow controllers for controfiing the rate at
which gases are supplied fo the process chamber may be detected, for

example by monitoring signals supplied to these devices,

The purge gas may be added to the exhaust gas upstream and/or
downstream from the pump. If the pump is a multi-stage pump, the purge gas
may alternatively, or additionally, be added to the exhaust gas between

stages of the pump.

The abatement device may use any suitable technique for abating the
exhaust gas with the required efficiency. A preferred technique is a plasma

abatement technique, using either a microwave plasma device or a dc plasma
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Figure 2 illustrates a second enbodi nent of an apparatus for treating
gas exhaust froma process chanber; and Figure 3 illustrates a third

enbodi nentwofo@miggepar at us for treating gas exhaust fr QwcEHERRSS7
chanber. Wth reference to Figure 1, a process chanber 10 for
processing, for exanple, sem conductor devices, flat panel display
devices or solar panel 6 SUBSTI TUTE SHEET (RULE 26) devi ces,
receives vari ous first, process gases for use in performng the

Chanber 100kPdfePateBeE OB IS ReP Ao B JEeran Goataisusnl 1a
in the dr QWaﬁgteathb@ﬁgbstagm\s ﬂﬁ@ﬁbumfof@qgje:g@soa@ded)@ the @xhdgsd gabor

exanpl e, sources of boragn trichloride an

p? I’OVI ded
f or perfor'WFféer@bWéﬁamt%ﬂ%a%@%ﬁ:@@@dﬂt‘?rﬁ"ﬂ“ﬁﬁq Wé(ehﬁ%frﬁi@% ®b %@P&s of
amoni a a dd153§]h)g'irig§r'd%ﬁ %h@?@yﬂgﬁ%fe%r Ak HoRtnfeht L PCVD

process within t , ources of hydrogen brom de and
chl ori ne rt@;\ﬂclseahwe\thlIQMHmméQ\(ﬁhl oF peinypleyit thel abatement devige uses

process tQo r

Chanber 10 Bodastrur iy s EIE . dhelh tie o 2CRER HETRS bRkl
control dekiough tlﬁmabatemams tledted) fdﬂduelmt’rﬂs piddeteyntimed lexelecanfaffesppl y
of the prqces S to the chanber 10..An.exhaust gas. | from
Che out | s ORRATR RIERS: SoBsea aner UL e AR as’§Rs 5 aeRed s
processi nghavekitdubt S upbRedR froh? or BetWeeh thektdges obthd pempyibeess gases
wi |l be consuned, and so the exhaust ﬁ s w il contai xture of

the pr oce@é’“%é‘gpgr@}?pﬂqsﬂqeﬁl tofke & bpas QHW”B&/‘*"HF‘E@E‘& B4 t he

processi ngy g gjuste tﬁbﬁ‘ﬂﬁﬁ‘é‘nt SHHWPHRE HTBEGR R BYERRR d&kce
secondary punp 0J typic e formof a turbonol ecul ar punp or

Root s booﬁb@weﬁuwinlﬁmmm\’& ng the exhaust gas fromthe chanber. A

t ur bonol ecul ar punp can generate a vacuum of at |east 10-3nbar in the
chanber 10. Gas is typically exhausted froma turbonol ecul ar punp at
a pressur dhefaracuntrod plrgebgas adoed! todhe kshaushgaa gnay/be ediisteddy

conpri ses d g

exhaust fr8 FPF %%F%%%kggﬁ:ﬁkeagurg%@i%guéﬂ{rat:sgﬁ%}gékt st rgsésgé'}e of
the gas t@xam@wmebwﬂnmdommhersuch ps@\mjveama&sbedprsmdedw
above, LPC\/D,antii_| et, CG rocesses Caﬂeé{ tﬁ bn the pr oducti on of
condensablV@ X HEERSE ea@t‘%hlﬁ PBFQ?UQR%B&PPP @ g&xbaushop can
corrode sSt@ahftbRsmS} 6&providdder @6l¢t$@n€§9th@fcdﬁiﬂUGfetm@ of the \andbl’e flowy

i nhi bit condensation of these species wthin ackj ng pﬂ‘np 22, and

to sweep tcRBtrQayise With yaréationRf ﬂé‘? Campogitien okf e‘3‘ Fugl0as, Higalgyen or
argon pur ge wiith pitge gas is supplied to the exhaust gas may be varied between 5

and 100 sIm, for example between 10 and 40 slm, depending on the

composition of the exhaust gas.

The exhaust gas may be exhaust gas from a process chamber in which a
chemical vapour deposition process is performed, or from a chamber in which

an etch process is performed on a metal or semiconductor.

In a third aspect the present invention provides apparatus for treating a gas
exhausted from a process chamber, the apparatus comprising a vacuum
pump for receiving the exhaust gas from the process chamber, an abatement
device for receiving the exhaust gas from the pump, a purge gas supply
system for adding purge gas to the exhaust gas upstream from the abatement
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7 SUBSTI TUTE SHEET (RULE 26) supplied froma source 24 thereof to
one or nore purge ports 26 of the punp 22 for punping with the gas
exhaust ed woonwtdswshanber 10. The purge gas may al t er natygglovenoddo7
additionally, be added to the exhaust gas at the exhaust of the punp
22, with the purge gas back streamng into the punp 22. In addition
to the process gases, second, cleaning gases are periodically
supplied to the chanber 10 froma suitable source 32 thereof. These

cl eani ng gases are preferab | uog i ne- cont ai ni ases, S s F2,
or a perf%%‘rc?n%‘ﬂ 8 cep oﬁyﬁ@(“@a‘i“%m WUB{]& rg‘?ggﬁraﬁﬁ%%?? nat ed
conpounds {{BYxHEP gRE IFORINEYE thd abdtemenbantperexh@uéiagasot her reasons,
for exanple for the plasma etching of openings such as contacts, vias

and trenches in materials formed on sem conductor substrates. As

il . | i
i |lustrat ﬁ?ﬁgg%r?ﬂégﬁcgmgé;@—egéﬂgn%rﬁﬁ)ﬁﬁﬁo@ﬂ% aﬁ;@a@{@o%}@éﬁﬂ § ghbe

supply of y Issuing appropriate contr Signal s
to a val vexioausiedh&omvapiapbe chamherionvhich adist gas Bl a BRcwIkgAmRde

f 1 uorinat ed : i '
ot vi vy, vt BACen e Lo et oo ¥ SRR OFERNEC,
the at nospbeihencit) thegafparatus conpyieihgtavasuurb pumpeat redeivirgeth2s t o
{rom t he. GRS GRS BPRRITBeSs SIGroR B poae b ar 85 CaRPUPale he-
safely exBansifdakFronhBeiummsrslige dds dupplasistah e ddiaig plrge gas

abatenent device 28 is able to destro% reenhouse %rgcigs ith h{%r]\
dest r uct i éntheapdaupt gas enpsbigamipm the@bafesmen dexige, \FOpTrokzyste

conpr oni segt Rifudifie (REBHRANES Rt6EYE B4 the Sialier QAN theieme 0

i nhi bit condensat e species within the backi ngf_ punp
22 and t oamamnyef pwee gabeddgad de thef exhausheaphakf st yaiye when the Tislew of

this, ac 0, A i j i j pur ge
gas addedg%g‘et %@)@(hgﬁ@%@g@{gﬂ%ﬂ#ﬁ E@&‘?lﬁgbg a’y %Iﬂghit%w(%r ﬂi%nce&gx haust
gas. | n t fiestiviklueswhab ¢k sedoodigasris supplieddoribe ptocegs cbamber.pr ovi ded by
a controller 40 that receives data fromthe process tool indicative
of the conposition of the gases supplied to the chanber 10, and

out puts appaRipes déscribettabole i @idtioh tboanethudlagpedtd obtheSnBuBEH afTE

HEET (RULE 2 . . .
> ( Uequalg) applicable to apparatus aspects of the invention, and vice versa.

Preferred features of the present invention will now be described with

reference to the accompanying drawing, in which:

Figure 1 illustrates a first embodiment of an apparatus for treating gas

exhaust from a process chamber;

Figure 2 illustrates a second embodiment of an apparatus for treating gas

exhaust from a process chamber; and

Figure 3 illustrates a third embodiment of an apparatus for treating gas

exhaust from a process chamber.

With reference to Figure 1, a process chamber 10 for processing, for

example, semiconductor devices, flat pane! display devices or solar panel
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ot her variable flow control device to adjust the anopunt of purge gas
added to the exhaust gas, in this exanple by varying the flow rate of
t he purge vaswdependi ng on the received data. Alternatpometyzooddvesy?
data nmay be received froma host conputer of a | ocal area network of
which the controller 40 and the controller of the process tool 16
forms part, the host conputer being configured to receive information
fromthe controller of the process tool 16 regarding the conposition

f th . i t , t . Lv.thi

Oht ot PG tefist b P G785 8s Ses IPF Ut €t RN R Lo v
42 may befmonéssmhg ;wtth'nhithe@hhmbgmm.h&’hlemga@ésimecmfhveymi fortheess t]?ol )
16. As a rt her ernative, data r {i to t onpos, tj of the
tvhanet gubamrrsd tehdtumarive Savaenandcahd e bl T4 R Re
outlet of dBGiINY AGRAYhEHFHRIbekOf 80GrchE PhdAIs& bREIdUINTF o 2xample

f )
exanpl e, when process gases such as HBr and 2 are supplied to the

chamber i reoATeRsl 9fsiarpr Hiehiaridk aiidarderine mAY beaYOddad (T Refofmga he
chamber 1 SmbtefBloh drBcEQRIR (! Sldnb P & Rollfbbs P BRtfASRa " he backi ng

punp 22, an orrode stainl ess steel conponents of the
punp in t hdichiorssiane sl begprevided fon perfasmrgnae LP6 ViDhprocesewithindhe dat a

the. chambatartes 106 AN SpbishS o RisiblEn SRR ERARna RYRBHISE 12,

causes t heopsatchinggasydresthliins sifipbn.eA grocddsdookttasitrajmthesgupply of the

relatively high rate, for ex I round .40 to, 50.sl Wien a

ber {1 uor | IREPREFSERSESdo difppTarBReT 1) P SUaldRS 6Phirel Sgnals toyalvimatiber
cl eani ng Qnhdesthar MW e6AolGRSices NotdRistexdUsi eshtiollmig the eatelbrglpplyi s
likely to contain little or no condensabl e species. Therefore, In

response t@ thépracessgpeesic hachampgr d8ting that a perfluorinated or
ot her fluorine-containing gas is supplied to the chanber, the
controller 40 outputs a cormmand to the valve 42 that causes the purge

gas to be Augyraustges is drewaxroan e gutiet af the eharaenl By & oWmpiitee, for

| 5 - i . . t.4 [ b : t
one P e ey S DRy the'pcERing AR B ChEHaP 1B AP aTHRIH of B8 9%
2, the comrocedsayas4s wilk be sohsitreed farshsa the exdausiogdsewill sbntaireapr ocess
tool. In aorder to,obtain data indi i ve of varj ation T| TUTE
SoeeT (rurEsBls o kR bR Be sl BB fo'fieThathndd A P Prolupl Tl
pr FC ess 1; hag‘gmceﬁ@ingﬂmmi??mmtmr. Zm(ejarm{mhping systbmt m‘aya'ce?wpfilsé E\ﬁ
val ves , n 0 e ow cant,r o ev] CesS, use 0O contro e
ooy of ‘seRandaY certs 0. R R taS for A T giRo BgMRr SRR Rodtay

recei ve sipgaaley pufth, ¢ dra@inghRé RRRaldteyasdtome sheléhaniderarse open or
cl osed, and/or signals indicating the conductance of.nass f|ow

cont r ol | etdrbegwaieqUiATRY R £ ABNIIGIRA YRCHIND Oh 3t leasy L Ewbar 8 thappl i ed
to the chamBfherhB. | | ?ﬁ:ﬁct:eﬂg &Hﬁﬁﬁeﬁ'f@ﬁ?b%%@?l%rw& t 40

controls the rate at purge gas is a to the exhaust gas.
The abat emsesside of awupg nmpab@ndsefthg ruepindsysieros wlsonisegans

exhaust fr p i o ocess
chanber isp?ﬁ(') 1#\%@5‘&93/?8&8 azo@gfﬁé?gmg?ac%&ihgwr@%@etﬁ% he speed of
t he punps t@boniRecidachunop 20 aad atisirighthe ppessues of ihkaydsdo a @assure r educe
t he anount of U{ e g}as supplied to the backing punp 22, to save
costs. Thi%owcrf‘“ﬁ%@ ClIREreSFHELt of reducing the total gas flowrate
t hrough t he abat enent devi ce. However, depending on the techni que
used to abate the exhaust gas within the abatenment device, it may be

desi r abl e Asodifgissediabovad-RR¥Dangvnetal etohrirecrises isan sputlidpdhe devi ce
above a mjj j ' i j £l

bt omont Phadtilich 3 nchoBbfipdob o 25 ol of e HHEALY afit HAK
devi ce usesnaoplodersiainleas steehin the phesenece of maittatee ioederds, infibit owi ng
the gas f lc%\ﬁvdér?sta%io%hc{f?#&r]e ép%%ie%%%h?%rg béjc%%gcgurkg 25?5:'*@ Poeév%\ép? the

volume of the pump of any corrosive gases, a nitrogen or argon purge gas is
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Therefore, in the event that one or nore of the valves 42 is closed
or the rate at which purge gas is supplied to one ore nore of the
backi ng puwesoelr4s®sot herwi se reduced, it may be desir ald@cimos/on3sy7
sel ectively add purge gas to the exhaust gas. In view of this, in the
enbodi ment illustrated in Figure 3, the purge gas supply systemis
configured to selectively add purge gas to the exhaust gas downstream
fromthe backing punps 22 in dependence on the states of the val ves

42. F . | f t 44
oy be openpiy o2 SR BBt ¢ falfimEs plidi TR LT
%?E S? IOTtU?'EZZSﬁIrE p#ﬁmgil? \gitgiéhié g%mﬂmt%d fabmbe gb?mae; 16.0Thexyargs gasl0

, _bet neen n s i s present wit
the ex hausma)jéEer@ f"é‘lr-l%r@' E%qﬁjét‘oéﬁ ¥3%’?e?ﬁ£e(§'39ljt§% eég%usigag@g HrEs :-IEET
(RULE 26) ofthé\blYRip 22, with the purge gas back streaming into the pump 22.

In addition to the process gases, second, cleaning gases are periodically
supplied to the chamber 10 from a suitable source 32 thereof. These cleaning
gases are preferably fluorine-containing gases, such as Fz, or a perfluorinated
compound, such as CF4 NF; or SFs. Perfluorinated compounds may also be
conveyed io the chamber 10 for other reasons, for example for the plasma
etching of openings such as contacts, vias and trenches in materials formed
on semiconductor substrates. As illustrated in the drawing, the process tool
16 also controls the supply of the cleaning gas 32 by issuing appropriate
control signals to a valve or other variable flow conirol device 34.

Unconsumed perfluorinated gases are known fo have relaftively high
greenhouse activity, and so before the gas exhaust from the pump 22 is
vented to the atmosphere, the gas is conveyed to an abatement device 28 to
convert the greenhouse gases into species that can be readily removed from
the gas, for example by a wet or dry scrubber 30, and/or can be safely

exhausted to the atmosphere.

It is desirable that the abatement device 28 is able to destroy greenhouse
gases with high destruction rate efficiency. This efficiency can, however, be
compromised by the amount of purge gas added to the exhaust gas to inhibit
condensation of condensable species within the backing pump 22 and to
remove corrosive gases from the backing pump 22. In view of this, a control
system is provided for adjusting the amount of purge gas added to the
exhaust gas to optimise the abatement of the exhaust gas. In the illustrated
embodiment, the control system is provided by a controller 40 that receives
data from the process too!l indicative of the composition of the gases supplied
to the chamber 10, and outputs appropriate control signals fo a valve 42 or

8
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1. A method of treating gas exhausted from a process chanber (10), the
5met hod conprising the steps of conveying the exhaust gas to a vacuum
punp (20, %®):200=neksonveyi ng the exhaust gas fromthe pROPcEOIANISI7
abat enent device (28), wherein purge gas is added to the exhaust gas
upstream from the abatenent device (28), and characterised in that
the nethod further conprises the step of a 10 controller (40)

recei ving data indicative of the conposition of the gases supplied

or exh o)
cont rol 11 1ONE (Rlieble MRy S0 RE AR R B0 PS8 BRSF,
g he amuntthegexpamsg%;agam thidan@dinipe ghaam#@hetflog\amteiebﬁn@gge gas t he
ata receiye t he, contr,o t 0. opt 15t abat ement of
the exhaust g?ﬁgmfﬁé TR OR durEanveD 16 (BeNRY Be CaenaTe
daiml, V‘Qﬁéﬁ'd&n‘t u?er@i?‘é‘#ﬂ&al@re@ﬁbﬂﬁ)rl%wmch the controlﬁ!ﬂdI@Ubrithbhe
exhaust gas Is reduced when the g%as supplied to, or 20exhausted from

t he chanbegonirobigr ofdhe Brapess tagl d6ripias pabithe Moshcomputer being
configured to receive information from the controller of the process tool 16

regarding the composition of the gases supplied to the process tool and to
supply this information to the controlier 40. As another alternative, the valve
42 may be controlled directly by the controller of the process tool 16. As a
further alternative, data relating to the composition of the exhaust gas may be
received from a gas sensor located between the outlet of the process
chamber 10 and the backing pump 22.

For example, when process gases such as HBr and Cl, are supplied to the
chamber in a polysilicon etch process, the gas exhausted from the chamber is
likely to contain SiCls, which may condense in the backing pump 22, and HBr
can be carrode stainless steel components of the pump in the presence‘ of
moisture. In response to the receipt of data indicative of the composition of
the process gases being supplied to the chamber, the controiler 40 outputs a
command to the valve 42 that causes the purge gas fo be supplied to the
exhaust gas at a relatively high rate, for example around 40 to 50 sim. When
a perfluorinated gas is supplied to the chamber, either for chamber cleaning
or as a process gas, the gas exhausted from the chamber is likely to contain
littte or no condensable species. Therefore, in response to the receipt of data
indicating that a perfluorinated or other fluorine-containing gas is supplied to
the chamber, the coniroller 40 outputs a command to the valve 42 that causes
the purge gas to be supplied to the exhaust gas at a relatively low rate, for
example around 5 sim, in order to aptimise the abatement of that gas in the

abatement device 28.

In the embodiment illustrated in Figure 2, the controller 40 is isolated from the

controller of the process tool. In order to obtain data indicative of a variation

9
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conponent. 3. A nethod according to Claim2, wherein the anount of
purge gas added to the exhaust gas is subsequently increased when the
exhaust 25ygaszoecoms@sns one or nore condensabl e speci es.pd/GErouRiobad
according to any preceding claim wherein the exhaust gas is
exhaust froma process chamber (10) of a process tool (16), the data
30i ndi cative of the variation of said conposition being supplied by
the process tool (16). 5. A nmethod according to any preceding claim
wherein t Q)? tt%jé" Ec‘)”‘m crfsdlfiocna&J the gases supplied to the process chamber 10, the

controller 40 monitors the state of the valves 18, 34 and other flow control

devices used to control the supply of the gases to the process chamber. The

controller 40 may receive signals indicating whether the valves 18, 34 are

open or closed, and/or signals indicating the conductance of mass flow

controllers used to adjust the rate at which the gases are supplied to the

chamber. In response to these signals, the controller 40 confrols the rate at

which the purge gas is added to the exhaust gas.

The abatement device 28 may be configured to receive gas streams exhaust
from a plurality of process chambers 10. When a process chamber is not in
use, it is a common practice to reduce the speed of the pumps 20, 22 used to
evacuate that process chamber, and to reduce the amount of purge gas
supplied to the backing pump 22, to save costs. This will have the effect of
reducing the total gas flow rate through the abatement device. However,
depending on the technigue used to abate the exhaust gas within the
abatement device, it may be desirable to maintain the gas flow rate through
the abatement device above a minimum level! in order to maintain the
efficiency of the abatement device at a high level. For example, if the
abatement device uses a plasma abatement technique to abate the gas,
allowing the gas flow rate through the abatement device to fall below a

minimum l[evel can affect the abatement process.

Therefore, in the event that one or more of the valves 42 is closed or the rate
at which purge gas is supplied to one ore more of the backing pumps 22 is
otherwise reduced, it may be desirable to selectively add purge gas to the
exhaust gas. In view of this, in the embodiment illustrated in Figure 3, the
purge gas supply system is configured to selectively add purge gas to the
exhaust gas downstream from the backing pumps 22 in dependence on the
states of the valves 42. For example, if one or more of the valves 42 are
closed, valve 44 may be opened by the controller 40 to add purge gas to the

exhaust gas so that at least a minimum amount of purge gas, for example
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of the variation of said conposition is obtained by nonitoring one or
nore variable flow control devices used to supply gas to the process
chanber. 6WORNEHMBYE according to any precedi ng clai m MRGERIONG/|PESIGE
gas is added to the exhaust gas upstream or downstream fromthe punp
(20, 26), or, if the punp is a nulti-stage punp (26), purge gas is
added to the exhaust gas between stages of the punp. 7. A nethod
according to Claim®6, wherein the anmobunt of purge gas added to the
exhaust g t 0 - i i nce on the
anount of a[%a\gggewgaa{sn%g@d%@’ Egd&}té%% exI éﬁ@}é‘%&@%ﬁ%ﬁ%ﬁ%ﬁﬁﬁ@ﬂfor bet ween
st ages of ablatermpemidevide 28.

11
SUBSTITUTE SHEET (RULE 26)



8. Apparatus for treating gas exhausted from a process chanber (10),
t he apparatus conprising a vacuum punp (2026),for receiving the
exhaust gas fromthe process chanber, an abatenent device (28)for
recei ving the exhaust gas fromthe punp(20, 26), a purge gas supply
20system (42) for adding purge gas to Glh&MShaust gas upstream of the
abat enent device; characterised in that the apparatus further
conprises a control system conprising a controller (40) configured to

receive data yndi Cﬂ?ﬂéﬁﬁo@éftﬁéﬂn@@é’@%&hhbﬁéd ﬂBmtd”'jﬁ'oGQé?sec?namm 1cgdthb0
or exhausted from sai'd process chamber  (10), id control led (40)
configureddto contm@qhoacomangéhe §'teﬁ§r°f9@ﬁ\195ﬂ§|9éh¢ Eﬂ%@l’ébﬁ%@a (42) to

fhe data recel ved uaHmBED, PR A cRrk ke Hfaud B2 HR e Py
exhaust gas. 30 9.lpppabatamerddevicdi(2g), whedimpwgs gas\iah@dcadrtom&a
control system M%&hiﬁst gas upstream from the abatement device {28), and
characterised in that the method further comprises the step of a
10 controller {40) receiving data indicative of the composition of the
gases supplied to, or exhausted from, said process chamber, and
said controller controlling a valve, or other variable flow device,
{42) to adjust the amount of purgs gas added to the exhaust gas
depending on the data received by the controller (40) to opfimise
15 the abatement of the exhaust gas in the abatement device.

2. A method according to Claim 1, wherein the amount of purge gas
added to the exhaust gas is reduced when the gas supplled to, or
20 exhausted from, the chamber (10) contains a fluorine-containing

componernt.

3. A method according to Claim 2, wherein the amount of purge gas
added to the exhaust gas is subsequently increased when the exhaust

25 gas contains one or more condensable species.

4. A method according to any preceding claim, wherein the exhaust gas is
exhaust from a process chamber (10) of a process tool (16), the data
30 indicative of the variation of said composition being supplied by the
process tool (16).
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configured to reduce the rate at which purge gas is supplied to the
exhaust gas when the exhaust gas contains a fluorine-containing
conponent . 10. Apparatus according to Caim9, wherein the
control system (40) is 5configured to increase the rate at which

purge gas is suppligd t he exhaust gas when the exhaust gas, .. ..
cont ai ns one 05‘ nor n&%ﬁ%iﬂ%‘ﬁﬁg gb%’i‘)( g@_cedmg clajrg, WWSQHE@ 98‘3 indicative

according to any Ofof%@b@ﬁaiﬁntdpséi@1oo\°ﬁ}ﬁ'sﬂf(02\2i§ B?aﬁ@ﬁ%?%orﬂt@ﬁfﬁbﬁ@b(‘lo)

conprises a variable flow control device _tor varyin e rate

at which purge gas Mere(asgbledigw epntiebdevieer usedfasuppli gasfxtheipiogass

controller is conf icﬂﬁgﬂy@rt o control the variable flow control device
c

with variation of sai onposi tion.
5

6. A method according to any preceding claim, wherein purge gas is
added to the exhaust gas upstream or downstream from the pump {20,
26), or, if the pump is a multi-stage pump (26), purge gas is added to
the exhaust gas between stages of the pump.

10
7. A method according to Claim 6, wherein the amount of purge gas

‘added to the exhaust gas downstream from the pump is adjusted in
dependence on the amount of purge gas added to the exhaust gas
upstream from or between stages of the pump.

156
8. Apparatus for treating gas exhausted from a process chamber (10),

the apparatus comprising a vacuum pump (20,26} for receiving the
exhaust gas from the process chamber, an abatement device (28)for
recelving the exhaust gas from the pump(20, 26}, a purge gas supply
20 system (42) for adding purge gas to the exhaust gas upstream of the
abatement device; characterised in that the apparatus further
comprises a control system comprising a controller (40)
conﬂgured-to recei\ie data indicative of the composition of the
gases supplied to, or exhausted from, said process chamber (10},
25 said controlled (40) configured to control a valve, or other variable
flow device, (42) to adjust the amount of purge gas added to the
exhaust gas depending on the data received by the controller to

optimise the ahatement of the exhaust gas.

36 9. Apparatus according to Claim 8 , wherein the control system (40) is
configured to reduce the rate at which purge gas is supplied to the
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15 12. Apparatus according to any of Clains 8 to 11, wherein the
control system (40) is configured to vary the rate at which purge gas
I's supplied to the exhaust gas between 10 and 40 sl m dependi ng on
said conposition. 20 13. Apparatus according to any of Clains 8 to
12, wherein the control system (40) is configured to maintain the

amount of purge gaexmudﬂgastmenQ%@ak{%usggés ﬁh%é%ﬁﬂné@&téﬂ ement

devi ce (28) above a_val ue between and
according to any of® fet 8 to 13, wherein purge gas supply system

(42) is configured to add purge gas to the exhaust gas upstream or
downstream fromthe pu (20, 26), or, if the punp (26)is 30a
nul ti-stage pdfp (2Bharatusacsording tgayamuspwerememm@)s stemo@of 1sgured

to add purge gas tQy RG-SR REL G tcta geésggé IstsupplDEdrq()) tﬁl

exhaust gas when the exhaust gas contains one or more condensable

species.

11. Apparatus according t¢ any of Claims 8 to 10, wherein the control
10 system (40) comprises a variable flow control device (42) for varying
the rate at which purge gas is suppfied to the exhaust gas, and wherein
the controller is configured to control the variable flow control device

with variation of said compositian.

18 12, Apparatus according fo any of Claims 8 to 11, wherein the control
system (40) is configured to vary the rate at which purge gas is
supplied to the exhaust gas between 10 and 40 sim depending on said

composition,

20

' 13.  Apparatus according to any of Claims 8 to 12, wherein the control
system (40) is configured to maintain the amount of purge gas within
the exhaust gas received by the abatement device (28) above a value
between § and 15 sim.

25

14, Apparatus according to any of Claims 8B to 13, wherein purge gas
supply system (42) is configured to add purge gas to the exhaust gas
upstream or downstream from the pump (20, 26), or, if the pump {26)is

30 a multi-stage pump (26), the purge gas supply system (42) is
configured to add purge gas to the exhaust gas between stages of the

pump (28).
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15. Apparatus according to Caim 14, wherein the control system (40)
is configured to adjust the anount of purge gas added to the exhaust
gas downstream fromthe punp (20, 26) in dependence on the anmount of
purge gas added to the exhaust gas upstreamfromor within the punp

(20, 26).
15.  Apparatus according to Claim 14, wherein the controt system {40) is
configured to adjust the amount of purge gas added to the exhaust gas
- downstream from the pump (20, 28) in dependence cn the amount of
5 purge gas added to the exhaust gas upstream from or within the pump
(20, 26).
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