. e3et " $6ZTUC29 . OCT 2004 PRESSURE CHAMBER ASSEMBLY | NCLUDR NE DHRIOME MveEANs
Fi.el d of the I nvention The present invention relates to pressure chanbers
and, nore particularly, to a pressure chanber assenbly including drive
means. Background of the Invention Integrated circuits (1GCs),

opt oel ectroni c devices, m cronechani cal devices and ot her precision
fabrications are cormmonly forned using thin filns applied to substrates. As
part of the fabrication process, it is often necessary to renove or clean a
portion or all of the thin filmfromthe substrate. For exanple, in the 10
manuf act ure of sem conductor wafers including ICs, a thin photoresist |ayer

may be applied t i r bsirate and subsequently renoved.
Cont ami nant s ren&%§ﬁ§ﬁéﬁ%éﬁf%§gmgﬁwagéﬂﬂ}m A48t rat es
after various manufacturing steps (e.g., after post-ion inplant, "~ back end
of the line' (BEOL) cleans, "front end of the line' (FEQOL) cleans, and post
chem cal 15 nechani cal planarization (CWP) steps) vary in nature and
conposition dramatically. Accordingly, .cleaning and treating steps nust
address these contam nants with tMﬁiﬁh{éﬁWéﬂgﬁ%em stries and solvents to
ei ther react with, THepdent iﬂiféﬁi@h\faateﬂh%ﬂessu% SRER R an@ bR fa¥ticu®dr] ,agori ze

themfromthe substrate, As such, a variety of water and solvent-bdse
systens, and dPy PEsssiaichynperaetesthbs iebiding/dritsereandevel oped to address the
broad variety of waste materials. Summary of the Invention According to

- met hod enbodi nrents of the present invention, a nethod for cleaning a

m croel ect Soni ¢ substrate incl UBQSk%baﬁiilaﬂtHeflﬁvﬁﬁlt@&i rate in a pressure 25
chanber. A process fluid jncludin ense phase C is circulated through
the chanber such t HEeeRkRE PregiedSsy ppioglegoniadedcashmiapmsehanical deFinss phase
of the CRis -,13 oie? pfdeiki 088 C¥Ghd 'X[B?g”f ' t.least. a
portion of the stoep ngcgllrcu?%ﬁl%é%lﬁgbproc sgﬁ%?%}lgﬂékg%g?%?#dﬁteétq urther
met hod enbodi sebitsitesf Astpartufelsefabricatioantdcess, itds oRéhateisary ©l reapiag a
m croel ectroni¢c substrate i.ncludes acing, the substrate in a pressure
chanber. A pr &E@&WWW%%&%&"S&%%@%&?&S@@Z iFeT Spmpledn it o the
substrategn anahaFhes of IS cHRRSS Mafdrhfic ®sCY ik gﬁ(#t})%si &'ér%ﬁd during
ul

at least a portion of the step of spraying the proces . According to
further met hodeanblded tedhe senufondvetop sulstrate and vereqaanilyaemetddod for cl eani ng

ettt e A O R T TR
that the substafiai earlous exdpotetiring stepe (L aftel pesthbasphht, thek Ch¥ of e
cyclically nodul ated by alternati ng mass _fl ow between a supply of COZ

and the chanbéineé(rﬁﬁ%d%@ﬁa fpat lipgidFEOLdwicprse gBdipest shamisel The

supply of €0z Jsnhal; 6)’%9}] : r?ﬁﬁw ﬂﬂ@ L chamher and..t he | ow pressure
source is at a ef%o\%?{?} rlessgirtleo?lt( an fEeP% e %%‘gﬁ%ﬁé‘r%.arﬁﬁé%ﬁpa?%%nt o further
met hod enbodi riemtaticaflyt Aecqdimgbntlehmivg ahd Geating stk hadt fdiresliigani ng a
m croel ectroni c_substrate i.ncludes placing the substrate in a ,
contaminants with the appropriafe chemistries and solvents to either react with,
ionize, dissolve, swell, disperse, emulsify, or vaporize them from the substrate. As
such, a variety of water and solvent-based systems, and dry cleaning processes

20 have been developed to address the broad variety of waste materials.

Summary of the Invention
According to method embodiments of the presént invention, a method for
cleaning a microelectronic substrate includes placing the substrate in a pressure
25 ‘chamber. A process fluid including dense phase CO, is circulated through the
chamber such that the process fluid contacts the substrate. The phase of the CO, is




pressure chanber. A process fluid including dense phase C%zq pgTi B¥oduced
into the chanber such that the process fluid contacts the substrate to

t hereby clean the 20 substrate. A portion of the process fluid is renoved
fromthe chanber. The portion of the process fluid is re-introduced into
t he chanber. Accordin fyrther t hod enbodi ments of the present

i nvention, a néfcﬁi(g%hf %Paﬁﬁfé’gﬁ]uﬁﬁg ?élﬂe SL7 gartionf g terefisdicrlating e drorses

pl aci ng the sufigidrate in a pressure chanber. A process fluid including

dense phase COZ is introduced into 25 the chanber such that the process
fluid contacts the Sgpudingte further ethedymblodmrentshes thepssemireentiomer ti on of

the process flyid i tom:the chanmber.. T ortion of th rocess
fluid removed Tt %r?]dff %%3%%%%1@@%1%9‘%0&% ﬁuggrqt%l%gﬁggalpgn SF“PBtFﬁ%%f"r%r
conponent's Hf pieesups cleesirf AuirecesdNeidseiadiag Bshs aée%@ﬁisisﬁtaa&ﬂ&ﬁé’%é nt o
the chanber. 30 According to further nmethod enbodi nents of the present
i nvention, a netbAB#eiBac i nge Bhase of thel &1 is shelicalibwdnkited dumog aties

cl eani ng a subghated r i a ,process fluid including

CQZ. The used pr%%erg’gﬁ%ﬁfltgé ?[gﬁggsﬁ%%p J‘FQ%WQ renoved fromthe process

chamber. COz is sepArairéugfio finthiehmethogdnhodieesss dflthé preseb enveepar,at ed COz i s
further process chanmber. According to

reused in the process chanber or be )
enbodi ment s of ’%Fﬁ’égg?feé%%ﬁ‘eﬂ% W&?ﬁ?ﬁ#{on&rﬁ@ffﬁéﬁé Helysles providingthe ggbsirate in

‘m croel ectrni £palst El%l%&@&ﬂth‘iﬂﬁ% Be & 5@%@'5 g
circulating a plr)ocess fluid inclu |aﬁpgr df’%?gfdgﬁggg{%“% rgug fﬁ{éﬁé aatnber
such that the {heoulstatefis gkpbsedint the CO-t e phivstofalieeCOT v yalidly atodsildied t her

i ncl udes neans, f dul ati ng the ase of the whj | e t he process fluid
is being cir cu‘i’%qée&nﬁ%&gc(g@hrin%ﬁ 4}’8" E%WF%? S‘&P&bﬂ%ﬁ?‘%‘l e C%‘%"?Sraééent
invention, an bpRaimthyehi@bercheaow g SHQEL Cehd QpbE SURSS a3t Snigaing a
process fluid including dense phase 10 COz includes a’pressure chanber. A
spray menber iRreEyEr hen the chamberrang thlowppressasssdfikagi 6l abmiowvet pressubiianat e i n
the chanbeys T gc%g&at us further includes neans for cyclically nodul ating
t he phase of the . According to enbodi ments of the present invention, an

appar atus for cl eanAb@rdingite fotkEnthon iehibd it fhé Pebdfl @8/eaidt, @Ssur e
chanber contai ni ngé%?fﬁ process fluid including dense phase COz. A supply

of Cz is fluidFHo RANHS BMicgoslerdronicavbErate glidssiplatipg dfe whptrdteing  a

hi gher pressurgel lg,?eniﬁaﬁg) h : : r ] Ldf:
connectable t oﬁfte hSe cha g{r:'. gﬁ(gdefso@vn%?lgs@%ﬁéa%g P gge)sléi(g(?%lts §rg}c{d(%!l\(/:\é/gdr 1¥1E)Or essure
t han the chanbtde ch@#hbdrduchotnt ik previsdbid aseaapeabbaratotoaiiektbe dedythaodul at e
t he phase COz 20 nass_fl ow between

f th i,n the chanmber by alternati
t he suppl y " of %&%‘d&ﬂ?@% BPTOSHY %‘ill eemovereirendhpehamisn Theeortian
pressure sour C&rthé\pRREMIMAd IsQe SNRRRLIERS e hiliBePT €SENt i nvention, an
apparatus for cleaning a microel ectronic substrate includes a pressure

chamber and a suppl {cetdiag v bedssmethad dmbndimeiang thepseenp haseti @& 1 ui dl y |
connected to t A 25.distillin temincludes a still fluidly
connected to 'tlﬂgthgﬁg&ngcz?a%ﬁaa %nﬁé?eZ?ﬁthctsﬁbéég%}nﬁ “&efcﬁécw%l?ﬁ%h%“ﬂﬁ? Bcess

fluid. The di spredshiengagitet. eMprsceoPRiainchalih@déib phaRBUOEs iR dBeRpma ﬁd CQz

into the chanber or a further chanber, According to enbodinments of the
present i rivent®Rhamber Sp¢iuthat the prasessdluid pomactatheissbewleiottharbclsabier at e

i ncl udes a pr h d L ni . e fluid. includi ng COz and
nmeans for remogéfﬁ%%atﬁsgp% geri%lg%;}s@ﬁ%%% fﬁlgéo%r?%lgg%d?%%%s@e% {4t elé?ﬂlel'l ie

appar at us f ur tvetion ofthe gesessethns rdnorved €pat tHei chgmBEXis Gistilled hesepsat @DOcess
fluid and neans for, returning the separated COz to the process chanber or a
further procesORRHIHEPMPYReni Lt praRtss fagd. Thy separated CO; is re-introduced

into the chamber.
30 According to further method embodiments of the present invention, a
method for cleaning a microelectronic substrate includes cleaning a substrate in a

process chamber using a process fluid including CO;. The used processvﬂuid is




29 OCT 2004 According to embodinents of the present invedtd dHT &0 ocess
chanber: assenbly for use with a substrate includes a vessel and a substrate
hol der. The vessel defines a chanber. The substrate hol der has a rotational
axis and includes front and rear opposed surfaces. The front surface is

adapted to sug[port he 5 substrate. At |east one inpeller vane extends
rearwardly frofmoned fremythe grocassehamber £k sspargied frpaghe siedmsoqepeiluid.

rotational axippe ERgral el j [ re
differenti al tenedsi Eg at o} o% lgr?%gtpfs%u gpgjgtggesact%g%ﬁﬁlte&sa%@%rﬁrgceﬁsoﬁ{ er %v\'/hen t he
substrate hol der i sAcanrdingtd ehbedimeire of tiegirésenainvanios, aliphenaltby, the
process chanber, assenbly includes. a pl urfl ity of the inpeller vanes

extending 10 reSHRE HRCPETT S uPEEe @iefydss  Priserre SbATRbAT g eRns B pect t o
the rotati gnal cidxiaing AGREUH AGdtR AL LRt Rhd BenREeSRR!
invention, a scdbstrggeciﬁhoICQer for uﬂéaﬁsﬁﬁg&gﬁasﬁraﬁgﬁrﬁ%&s a r%lte%’tzlﬂonal
aids arid furtthetthe pedcessdbiid comactsithd sulsstimteo pPesparats fatles inclikes hreant

surface is adapted .tp .Support t substrate. At | east, .one. inpeller vane

ext ends rear maffeapfdyfagﬁg gﬁé’%%&%%ﬁ&é@’éﬁﬁ%@ Prﬁ‘d‘?séﬁuﬁfi iRieRe rEclaefect to
the rotational axi sAccbiding fPRIrher er¥dMembsts OP & Prdsut ih@erﬂi%ﬁ%ﬁép?aﬁuﬂr essure
differential tending to hold the substrate to the substrate holder when the
substrate hol dféF cleaiipg e misgelspiaenic syhstraistugingamabceeax flvid ilvladipg dbhsg, phidve
substr at e kol [ ' of the inmpeller vanes extendin
“rearwar dl yl@f r g(FenO% ,ﬁjgﬁirdgggﬁrsegsr %aug:%ﬁjégr?;&y!rxasglraéfl r]n?,m rtlﬁopeégtbv C SPr(fri‘ytﬂﬁee )

~ rotational aximocflActatdiegubaraeinhbedciembeel TeOLSpaadud feheriasands

i nvention, a nethod for é%(ht' ati nLgEga substrate hol der about a rotational axis
i ncl udes proviBfdRy T SHea bapediiaimgdhe phase of th§<tPat e hol der incl udes front
and rear opposed sukfachses tolbepddiQ f L Sinedanke t the
substrate. At |east one i%‘poel | er v%\téég%egﬁﬁghﬁgarv@%d%yépgﬁ%%&&ﬁ% rear
surface and rad¢aainga midrbele@spectubsicatt eludes abreanat chathlser c@ftaifiig; substrat e

hol der is ,r.otated abhout. t,he. raotati onal i ch that .the el |l er. vane

gener at :;: 12 prpég%eﬁ?,gmg]i ’{]?Igglélﬁ?jie’é?g?ﬁ@%ﬁglgéﬁﬁﬁV@f 1% B’éilmrr‘g“tnée‘%téblghe

substrate hol dgihe AgaMedi TiEe §l@pm%§ at a?hx%ﬁeﬁﬁ}@ssﬁfeetﬁ%i‘{ YRR 90, a
u

pressure chanber assenbly for use with a substrate inc es a vessel and a
substrate hol dew Bessurssenrtseys fqidly opasewdbleltf thaesambeyr s love pehaumber .. The

ressur e chanboP i st Pt BriR bRt o e B R cotilint ed 10
support the subsyclitally nividlate he pEiR@rdef CO) RO RAERISFWeRRBAPED, Al | east
one connecti ng passage provides fluid -4 29 OCT 2004 communi cati on

bet ween t HE f BT TONF betweerpihe sprply abSPr andthsshamberzmd betrecendbwefuanber
chanber. The I PASS is adapted to be covered by the substrate
when t he subs%rgg'?g&%unte on the front surface of the substrate hol der.
A passive | ow presstwerdiogitccenbalidents df the pogsomiciheshtion, idwpseeandar y

chanber . Accorgi ng to furtlher enbgdi ments of the present inventiogn, a
pressure chanth Wg’ﬁsae‘??‘mr?/e PO W ONA hIngludgha pressuse Frasnbraerd a surplsef 2 and a
substrate hol desceds 88MbNudhPAeyRSHEY Jiktia) r The
substrate hol gﬁejr' assenbl y_uiln(E:I Sdesﬁﬁa “su zst ra?ye@%r%Fﬁgé%@g%ose [ r¢ t he
pressure GRantsbstillinheystnbinchaeea Hol feidly coinecdedtp the thanbersnd baeetiadapt ed t o

© support the substrat nd housi ng. i ni.ng..a 10 secondary chanber. A
restrictive paseage @%@?‘Bé@e ?fPﬁ?Sa%gHﬂﬁﬁm Aéﬁﬁ}l%%@w&?ef CHR Essure
chamber and t hHgire®ee HtedepaaRaity intohhe LRASBer 0P8 FEPRUABRAHNS, Passage provi des

fluid communication between the front surface of the substrate hol der and
the secondary chanmb®§cordipg tocosmhndineniyobis pragent inventiaps avkpperabis foover ed - by

t he substrate . ' d on the front surface of the
substrate hol der. fg ﬁﬁ%@cﬁo@%ﬁs&?%rag%ﬁr@ félgesl 4PH% Scﬁkﬁmg‘arncﬁél@%ag?o t he
secondar y 30hanberess Aaddndidigg (00,0t hadne ik ogthBAE Ssdf pro&ds BLRSRG the

i nvention, a nethod for, holding a substrate to a substrate holder in a

pressure chanPEPCSSHetaRRss BRoWraraty rtheringludesaneansdos sepempting £65 fiore
chanmber. A su - sl Yol tﬁgjﬁy' ' [ ' ate

hol der di sposctat%é P%H?ﬁiaéérjg@g%ﬁ chan%og?? t g%ﬁgg@%g@%%%ﬁ%ﬁ&%d udi ng
a front surfacbaabaptreduttberqupqros thaniter farlsabsegtient ustid a housing defining a
secondary chanber. At |east one connecting passage provides fluid

conmuni cation between the front surface of the substrate hol der and the
secondary chanber. The substrate is nmount®d on the substrate hol der such
that the substrate covers the connecting passage. A second pressure is
provided in the secondary 25 chanber that is |ower than the first pressure
using a passive |ow pressure source. According to further nethod

enbodi nents of the present invention, a nethod for holding a substrate to a

o, o T o o




surface of the substrate holder and the secondary chanber2 QTGQTSIEILtn%trate IS
mount ed on the substrate hol der such that the substrate covers t

connecti ng passage. A second pressure is provided in the secondary chanber
that is | ower than the first pressure. According to enbodi nents of the
present invention, %ﬁgsure chanmber assenbly for retaining a fluid

i ncludes first and % g Fuerabodpapyts obhamatseet inveritionsa protesaichamba encl osed
chanmber and a terior
Fegion An i nrcretm ey oibeRRly SR eRe el P o Rl BB, et 1 et
flow of fluid Yessindefiveesahainder. t"ﬁletshbstmxd m&amasegmtarbnaﬁmeuﬁ@fncmaaé menber

is 10 di sposegfﬁal ong the | ea b’fte\(\fen the inner seal nenber and the
exterior regi ée@fPP}?:‘tse F 08? e frentspgage ip adateh B SPPROSt iRe exteri or

regi on. Thg i nagk#&ah: RBAREE ihFelfr GAR SE& ¢
enbodi nents of the present |n\1/e§1‘at| 5n%a prggg%ﬁﬁgﬂ’ﬁ%n&ﬁ%fe&é%gﬁce%
retaining a flmadigly mﬂludmctftprtb&romntnslwmndfheemeﬂatedaye ﬂs&'npsa]nae abl e casings

defining an encl os dca fluid le ext en fromthe
chamber to an SRS DY FH ‘5)1#% Pr%i gE"e}%ﬂ%FF@rFB $iratestod % @%Fea‘P%]ﬁb t he
| eak path to risdnlthe butistraw Heldek is%ﬁﬁté(dr&%ttﬂfl@ r(ﬁQ@dﬁ%féxﬁ OPlte?@alﬂ%ttﬁé' or

region. An outer seal nenber is disposed al ong t 'eak pat h between the
i nner seal nerdfegeshpitimbes agsembhy mﬁlud@ga pinrality 0@9&: nmpd:llet Ivmwsetctehdimgd from

t he chanber, t (els i§ a cup seal.
The |nnerqsoealc}em§f)£§tﬁ%§ﬂ gl atorsﬁr??co §?Jr}fﬁ qﬁ&%PS%t?fﬁ%fat#l%aﬁﬁthe chanber
to the exterior regdm:hrddhgtb Aurtheegshideméns bhde phasiahvexesodsbsrfE essure of
the exterior 029 The outer seal nmenber is adapted to restrict flow of

T

f1uid from thd WSF Wity Bibstraic haen rotaiienal axjiand firtherdndudes front apd
chanber is le UF rdr g to
enbodi nent s of%:é %rh g%egssgﬁtgéel%n\}zlﬁgoghﬁﬁfa% Sed’daﬁ{ed%eﬂla%ggrcgeassds%gﬁ%?y
processing a slﬁd@$bmeanma11nnVaJId@xtead$)reesmﬁ1@ ﬁmﬁ&lremmtm@d&ﬁdﬁnph@t&ed
pressure ;E st rate hol dﬁr@ is @‘r?sposed in the pressure chanber
and is ad ted"‘a’gtl:’(?C 8 FOlRiongks athe imreller Kppe Scaperivg 19 Sensps ABTSESW® nove
the substrat e digbdsial hilngoinet AR Serblult RS HESa@ nbAESKAAT b SuftBaher
connected to the 30 substrate hol der for novenent erewmth relative to the
pressure vessdloldends miatedahoyt teirvtetionatbes. Prefiérdbly, ths olisstrat: Holdemitdhedeki r st

drive nmenber ssur charrber driv IS o erabl.e to, nove the
" second drive ng%@%& T UHis sxign W%F%F\yﬂ%gvoﬁat’éhe 28 289 r st
drive nmenber amanﬁmmrre@awtemm@ﬁara};ﬁe - 29 0OCT 2004 second drive
menber is _non-nmechanically coupled to the fi rst drive nmenber such that the

drive uni #0can noveeRediag ksmeied embpdimentsiod theeresant Brveniinh, ¢ et fdrr ve
nmenbers. Accor, f_the esent..i nven |on
pressure charrbg{raﬂg %#{a{ep%?deg Eg@g? rsHS {r%&aﬁsaﬁﬁs}??lﬁiﬁeé; plr?lveihﬁgérlsgugs%rt essure

vessel defi ni rglden @hekrﬁsedteﬁnbmesurcmdeh&tﬁm{nd réarSoppsicdatiFakiel dBE flost

di sposed in the ress Cghanber %gd IS adggt ed to hold the substrate. A
magnetic drivée ?Pt‘? tosePUbiE sibstistsy &bt Ipest sne apedlenvansictands el at i ve
to the pr essurr@ar\ﬁfé‘ﬁﬁ? bronfYhE P& 'sﬁga&%nﬁg{&ﬂﬁrwﬁﬂp&gémgth% r8{at15%§ aRfsesent
invention, a pressure 10 chanber asse processing a substrate

i ncl udes &5 pr élé‘lswnestmefsb@derdefotatﬁdrgbcamtterrotauem'l agisesshitiat ﬂ:leambelrteraranb an

exterior openin c t essur nber. A
substrate hol c?ggera{;esar%?ﬁgggi% ’ttﬁ’i eﬁ‘ﬁ’é’géﬁﬁl ldéﬂsﬁrgerra@ﬁa essu #F% ed to hol d
t he substrat e.holiedri ve assenbly is operable to nove the substrate hol der
relative to the pressure vessel, the drive assenbly including a 15 housi ng
covering the exterlf’tﬁcotﬂb%torﬂjnbﬂﬁlmﬁés f s prasentahvemition, sprestard dhagbeat the

exterior openi to ts of the.pre enti on,
pressure charrt?gr&ma §rrt¥|gé argtritlc gée%?%m oeSressgaid sy Suéﬁ:f& h‘aégr d heat er
assenbl y. 3The apseastyr ehe/easaldeﬁ@és d@Bssaft Afbes ETheRMEBAE holibeasséiakld heat er
assenbly inclydes,a guErd 20 heater djsposed in the chanber and interposed

bet ween a surF h‘ilﬁsﬁéu Yrag B?tdtrfdltméedpméb%nﬁeeweglmbeartbe subisptgibalglevol une.
The guard heat e.9 voI ume.
The guard. heatngcrlw?lg ?%}%&% g?eaggfa &%{Enéc{tﬁ @%@gﬁg@%{%oré?%ﬁ% hgo({k%lm%r essure
vessel . Accor dewgpdeny chember rviddasrend somnbetidyepapsags erdvideavieind i on, the guard
heater 25 and the surrounding portion of the pressure vessel define an

i nsul ati ng gap therebetween. Preferably, the insulating gap has a wi dth of
at least 0.1 nm According to some enbodi4ents of the present invention,

the guard heater assenbly includes a |layer of insulating material di sposed
bet ween the guard heater and the surrounding portion of the pressure '
vessel. Preferably, the layer of 30 insulating material has a thickness of
at Ieast 0.1 mm The guard heat er assenbly may further |ncI ude a second

. o [T o o -




29 OCT 2004 control the tenperature of the hol di ng vol uned 9TB6Ts&énd guard
heater .is insulated fromthe second surroundi ng portion of the pressure
vessel. A fluid spray bar may be nounted in the guard heater. A substrate
hol der may be di sposed in the holding volune. According to enbodi nments of

t he present invention anber assenbly for use with a substrate

.a proces h
and a flow of f)‘?%@%é?q%ﬁ%ﬂwi?%tzﬁg@gt wiripes afkthe gpkstratedioldsy andths spcontiy
vessel defi nescnteaMBE conhll&; g};\ﬂgﬁ ' { ay port
formed therei nC adapted t o di ?%rfg%aﬁ%ﬁg the Pﬁeg\?v&E?gcg\%éégiebg)sﬁg%}?sgg%r@%ht he
substrate in tWe sghdrabeis mortedsprthy finetrduefacd of thp eulatritedolder.r Atpatsvealbout a

10 rotational axjs.relative to the vessel respqnsive to a flow of the
process fluid BUt of "tHheE ‘ég‘P YWB@FS? %Gﬁ?ngﬁé(%?mk’@ast one spray port.

The spray rnenber magcédigingde fatdh ShbbdiHeh QMR f BRI Hrb@hr DGk Q?re@s e
di stribution channel therein, the at |east one spray port extending from
t he di stri but i gi¥mhsaasemblyoforusesritbr bybsphtctindudgsmasesseb ainba subkGattheldat | east

one spray port, By ext ' le with respe t he .rotation axi s.
Preferably, the at bﬁéé@{%@g%&l ‘2%@598%3??“%%%%&5 ﬁ’e élﬁ’sﬁ'ﬁﬁjlh(g%{ﬁf g en
about 5 and 85indigeeesubsirhis hoRepeRposke it 1he Tpmb@ieicﬁﬁﬁberaﬁie%ubs;ﬂa% RIRgess

chanber assenb]y y include a plurality of the spray ports formed in the
spray nenber. l?ﬁluglar’@éjalg

PHSUFRSF 98P ey ippes thesabsiedn anfe hopsiag defisribes and
(he vessel o pbhats LAY (ALY RSB 09 APLARELG aldeile

vessel . According to er e prese

menber for di stheipbssimghanbdramd dfe preniasschabibefl QNlkastans ubgictadEpdsigpeudes a
spray menber inclﬁg%ﬂ% at | east .onE)FspraMort formed therein adapted to

di stribute theP9¥ dsPpRgeation Priyyean gt font martagerd theaybstraie holdcradnber |
The spray nmenb@e sé@n@RSBhmYE. e cBhA %B&HL s Eﬂ’ﬁéc{ 1%"':%' coRkd b%%?ep onsi ve
thetspray  ne t ot

to a flow of the process fluid out of y er roug e at | east
one spray por tsubdtye sfeaherrshiimite isagountel andibe &odt strfach of the Bulsstaterielider.

therein, t a st__one spray, rt extendi fromthe distribution
channel toﬁgxtﬁe‘rh%‘gifefmﬁ hd e?&‘ﬁ‘%f@%ﬁ?@éﬁ’ﬁ%ﬂ?@nﬁmﬁ : 5hne spray port
may extend at an angtcriin b mesREembb@intdhes drahdbieqiRinR¥iish, "RIGR&T AP Y, the
at | east one spray port extends at an angle of between about 5 and 85

degrees with rd@¢age substifrtoracuhsitasaolderan ¢ presgure ch2eb@diiclzdBprdvidingpr ay
Tenber . The spi el ML bkl ol e o AR PBU SO BER fon, ¢ he
A ernati vel v, i ety Tohar e e A boldet o1
portion, tzﬁey’aiPdP ingea @fﬁcgﬁ%ﬁ% %lobsé‘PH‘(}ﬁ thersybeirata ang é%éllﬂéllg fefininon
portion. ACCOrs@EM&ﬁcHHHQRdA?E%%hEE%%{;gﬁ% %%%c%ré%éﬁﬁés #gyention, a method

of applying a process fluid to a su plracing the substrate
in a chanber clomamyEsaisn bepweprbyiromsbehacd of the substiad hohiet weli the séfoniggst one
spray port forped,10 .therei

. JIh fluidi istributed f th t
| east one spr zfx}]a’BlgFli' Sélglft%’ée §dﬁ%&%€§f&?ﬁ%§é‘§fﬁ¥e@1%;ﬂé{t%g@%? 6‘%1;&?1'?‘6 agoﬁt
a rotational awiversted @n¥@idethabdi@e v ASSEndPredshR gﬂ)vricne‘a RERERE ! d out

e

of the spray nmenber through the at |east one spray port. cts of the
present i Aventsharbey that ipéovegsphascthe fiend phopsirh osieg efpassidh loaryressbrestoittck. i n t he

ort froma,readno Rl | BHLE-ARL LR Aok o1 descry b Lon of the
illustrative afethb@fqpheling a kbt it®8 subsirate holder in a pressure chamber includes

_ providing a first pressure in the pressure chamber. A substrate holder assembly is

provided including a substrate holder disposed in the pressure chamber, the

30 substrate holder including a front surface adapted to support the substrate, and a
housing defining a secondary chamber. A restrictive passage provides fluid
communication between the pressure chamber and the secondary chamber. At

least one connecting passage provides fluid communication between the front
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Brief Description of the Drawings 20 Figure 1 is a bl ock & SdiGmaB84 an
appar at.uus according to enbodi nents of the present invention; Figure 2 is a
bl ock di agram of a chem stry supply/conditioning systemformng a part of
the apparatus of Figure 1; Figure 3 is a block diagramof an alternative

chem stry supplylconditiaoning 25 systemformng_a part_of the apparatus of
Figure 1; Fi g}ff"#aﬁe ?gtlhﬁ sgl?sg@% W?%F’é‘isﬁi@fse%?n%rﬁtql?ém%ﬁq- tEersabstiaie Sheni stry
suppl y/condi 1,85 sy eiblfiehdlderdubiRitht 8 shilG AR ASRhedigur ¢ 1

Figure 5 is a block diagramof an alternative recirculation systemform ng

a part of the pgsgrEcatiusscotd Fiegpurais provddedhn ghe econdasy ehanibee thatlisdgwam of a

further al ternat i gjee.irgtsatci rcul ation systemformng a part of the apparatus of
[

Figure 1; Fi gurEem £ Brock di agram of a supply/recovery system accordi ng

to enbodi nents of t)&l@coﬁacﬂigg@ﬁémb@u{ﬁ@ﬁtis@ﬂthe-p?esen%%v%n?@géssufé SiBeB 15 a
cross-sectional view of a pressure chanber assenbly according to

enbodi nent s of asperably fertetining ¢ dgid ivpluies frscdndsecondosiatively sefarale easthgss a

Ccross-section ' (o) chamher, assenbl ¥y of Figure in an
open posi ti on?&elr—i:ﬁ%% Jfﬁfolggd g{a%?%g g%%@?ﬁgﬁ%h P 8@’%%“%&0{%8%@ F& heat er
form ng a par tanodxtdrive rggies AN énreh seub Blende S RN sf al SiIME Gea pafl HWERIAL 1S a

top plan view of the upper guard heater of Figure 10;  Figure 12 is a bottom
pl an vi ew of ttﬁ%""ﬁﬁgl’l@ 1%@5 ferchgmbes g theexteriorregion e Anduies seal ereszher ect i onal
vi ew of a jgowelisaNad Aohealat ]%&]{rb' k. f r ure .chanber
assenbly of Fi g}?}?}g 8; 0Fggureakfl |s&gle%o@tgéﬁrﬁ% %a(r?ln}/eﬁ%%r g?fﬁ’%gxﬁg\%rerr%g Jdard
heat er of Fi gupreestst fleavgof Buid Sronstharhanbartg e, extarios seg@ct Tionaher sbilagment ar y
vi ew of the pressgre chanber assenbly of Figure 8; Figure 16 is a
perspective viBWOF A2EHSLeal fornming a part of the pressure 15 chanber

cseetly of 10U AicoRiiorill suadhsoATEMhalechSiR0RE Ypolh of Ihe
chanber assemnts @t@;s@mwg forretaining e flushipoliidesfitssarnk setdvel pratiselyt i nvent i on;
15 separable casings defining an enclosed chamber and a fluid leak path extending
from the chamber to an exterior region. An inner seal member is disposed along
the leak path to restrict flow of fluid from the chamber to the exterior region. An
outer seal member is disposed along the leak path between the inner seal member
and the exterior region to restrict flow of fluid from the chamber to the exterior
20 region. The inner seal member is a cup seal. The inner seal member is adapted to
restrict flow of fluid from the chamber to the exterior region when a pressure in the
chamber exceeds a pressure of the exterior region. The outer seal member is
adapted to restrict flow of fluid from the exterior region to the chamber when a
pressure in the chamber is less than a pressure of the exterior region.
25 According to embodiments of the present invention, a pressure chamber
assembly for processing a substrate includes a pressure vessel defining an enclosed
pressure chamber. A substrate holder is disposed in the pressure chamber and is
adapted to hold the substrate. A drive assembly is operable to move the substrate
holder. The drive asseinbly includes a first drive member connected to the
30 substrate holder for movement therewith relative to the pressure vessel and a
second drive member fluidly isolated from the first drive member and the pressure
chamber. A drive unit is operable to move the second drive member. The drive

unit is fluidly isolated from the first drive member and the pressure chamber. The
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Figure 19 is a cross-sectional view of a pressure chanber gﬁs@r@ﬁl yl{RO0
according to further enbodi nents of the present invention; Figure 20 is a
top plan view of a chuck form ng a part of the pressure chanber assenbly of
Figure 19; Figure 21 is a bottom plan view of the chuck of Figure 20;
Figure 22 is a_cross-sectional view of the chuck of Figure 20 taken al ong
25 the |ine 22§efﬁn‘?a“}f?6‘6 e&’f;‘mﬁf%ﬁ@ﬂ ly; coupled o the fadrive meambes s¥idimat i ¢
view of a presgit ohRaRat casaRIDINE AEEAICAN G (' lehasoRadiapRt S of the
present invention; Figure 24 is a top plan view of a chuck ' tormng a part
of the pressur®eceWamber assenbly of Figure 23; 30 Figure 25 is a
cross-sectional vie th huyck of Fiqure 24 taken, along the |ine 25-25
of Figure 24; Fi gurgc%d}ng%%wggmgggﬁ Bﬁéﬂf%ilﬁ RIf3e8t InyeNiBis 8 BFSSWhanber

assenbl y acgor claftbet assbtiblyhe pRFBRHBAbSAE idRePh SR80 | g il
29 OCT 2004 Figure 27 is a}‘ﬂ'%o%)tom view of a spra;? ngnbere?%%é%rlir\egﬂglgpagrt of

the pressure cHHSEd PEessEREhambsr. B sbpteato Boldey igdispo@@ i shespressomschambei onal

vi ew of the spray: ' taken alo t he l.ine 28- of Figure
27 and Fi qur ey PEARE el ML e, R BB LY S0 g 1 0
further enmbodi ment theafibtthee Inldaasltivaant peBsurOetsaél ed Description of the

Preferred Enbodi ments The prg“s%gt i nvention now is described nore fully
herei nafter with 10APENENgAe Efhst pRBodiEEaiseA i nvgscat mwemips, a pressusé ch

f d | sS r] oy es 4 01 s.revss.el
preferred gmbogipRRt g Qﬁl% }é{b}ﬁ?ﬁéﬁém ?Eﬁtéﬁ%ﬁ@ %%8:}% ' nv%”%l'(??gﬁl%}[/apued as

however, be enbodied in orns a no €
limited to theersidsedpreesitrs chatbe end bn hetesdmypenahie fluid hestudehpdivignt s are

provi ded so that this disclosure wll be thorough and conplete, and wl|
fully convey tﬁ‘& PLERHE ‘%?m %%r Wé‘ﬁ%tFBHﬁFbmtdwgéedslmﬂm REssurs ¢igmbenangy t . The

present i nvent jsefagel @iteAd SRNAbAKY Alrivk BEhbR i 3ok (ShERDHNO Of
treating of mcroel ectronic substrates (such a seﬁ1 conctiuctor substr at es)
during or subs®siEate helder relativa tuthgpressim yessel, ithet drijreats sty frwhidisg a

m cr oel ecty:0ni i : Ms. .NEOM s and, opto-el ectroni c devices. Renpval
of surf-acelsgon Oélgnﬁl é:?\’tg §ﬂ%l\{%gﬁﬁfeggrr?ﬁegﬂ’lga¥g]%e TESSPIq B 3506/ tint egr at ed
circuit fabri caft¢rior opesiagss. There are nunmerous cl eaning steps (comonly
referred to as "cleans”) in the fabrication process. The different types of
cl eans incl ude pre-4FFreiag herepedimentsfof getpresedt ipventive, & pressyoshangtsh cl eans,

back end of thgldhng iRGSdesalfrbssGeCRA allf £ AL gcleatgrea%ge%iﬂglgz.o "he pressure
vessel defines an enclosed chamber. The guard heater assembly includes a guard
20 heater disposed in the chamber and interposed between a surrounding portion of
the pressure vessel and a holding volume. The guard heater is adapted to control a
temperature of the holding volume. The guard heater is insulated from the
surrounding portion of the pressure vessel. '
According to some embodiments of the present invention, the guard heater
25 and the surrounding portion of the pressure vessel define an insulating gap
therebetween. Preferably, the insulating gap has a width of at least 0.1 mm.
According to some embodiments of the present invention, the guard heater
assembly includes a layer of insulating material disposed between the guard heater
and the surrounding portion of the pressure vessel. Preferably, the layer of
30  insulating material has a thickness of at least 0.1 mm.
The guard heater assembly may further include a second guard heater
disposed in the chamber and interposed between a second surrounding portion of

the pressure vessel and the holding volume. The second guard heater is adapted to
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cleans, front end of the line plasma strip, back end of tHe3I9&E 2004
cl-ean/strip, post-ion 25 inplantation cleans and post-chem cal nechani cal

pl anari zation (CWP) cleans. There are nany types and sources of

particul ates and contam nants in the fabrication process. The particles and

contam nants may_be nol ecul ar, Lonic, atom c or gaseous in nature. The
source may be f ?g’r‘i‘tteTB‘?IGWe ?%@%b%@i‘%gim?- Fasyesond grardhegtsrisi c to t he
process (e.Qg., indathed FdnaiRResdnd: uﬁ‘guﬂ;hﬁ% g [ t systens shift
fromA /SiOCz to Cu/lowk pr esentss new c }Z lfé%ggigetpﬁéasg&%&gg effectively
addressed usi ng t heAntiideptey bamappamatied f tht lyeandresent Aisovsmntd lmider For
exanpl e, a pri%r%eﬁrobleﬁgnﬁgﬁt@ﬁi.he transition to Cu is the tendency of Cu

to corrode wheh exXposed’ 8¢ YPH8%envi ronnent, -11 29 OCT 2004

because Qu Tloes not Abastling e 26bdinRARYH ! IrBGnPRIBRIT, &Brfbssh rosion
of Cu during cleans of dual damascene structures can resSult nohi gh cont act
resi stance; und¥eeBbliytiphgsearith ¢ pibstratefandh floMeofdiredess flniddndlagesrasyestchend by

reduci ng circuj ' . [ L |-concerns have focused, on the chem cal
compat i bi lity S Sisfibeg n S ‘_téﬁlsgégﬁgﬁ%ﬁ_stahc‘%ﬁ%\ﬁﬁ&aﬁ&ts@ﬁy&%@b%nﬁﬁ&éﬁ&m| e, it
has been denpnibstahedpriah abrtdsrinted théieifi :3bptb@ % ASbIARR BG ARchcelsTRAd
inorganic spin-on dielectric fi]nms, causes via poisoning. Aspects of the

present i nvent P5A thresrbsiade asthe chambsir Lansprpy aembeeisgiparplive tamtatofbaubese new
i nterconnegt s - ax¥ ; Lgure 1. an arat us, 10 accordi ng
to preferred 1%%%%‘135{%&%%%% g‘{zgi&{hﬁg%%g ]tel‘sgsef@r?tnglﬁﬁ\?oe% Pgnoﬁg@%rﬁ&\e/\sﬁ%[uhe?@ioﬁ. As
illustrated, tthe sprparanhes tirougisthadalpaednt spral pan. a surface of a wafer

substrate 5. HOV\/eve.ﬁh it will. be a}g&r ciated by those of skill in the art
fromthe descripti onh&Fd HePRsk MR e adisibirtion noripraiaplading 2of t he
apparatus and dis@nmbiatendanaeibes a8lRbeh AR ARl fle Cl eani ng or
otherwi se treating wafers or other types o u gtrat es of 15 wor kpi eces.
Addi tional |y, {istrigiion ¢hanaglie extedodylobie spragenanfbeski || in the art fromthe

descripti her ei n at. ;various conponents and steps as described herein

bel ow rrayollrnse om tte?jrt‘]eoérjE 1?%&%@8&%%8}{ ﬁ%?n{]?tc'ﬁn a@ﬁ%ﬁﬁiﬂé?ef’%ﬁ@éﬁf’i onal )

conponents or stajptalaia MreRRbLAHR at e MR\ BfayDoiBdkidifs af B a@@%fﬂol e a
e, ga

waf er of sem conductor material such 20 as silicon, silicon oxi I'1ium
arseni de, et c. PeTHeEI#BE S sndhdS degresiysithaissnest lojthp Fetatiomalwewik sur f ace 5A and

an opposi ng subst anty I i.de surface 5B. .. t i nuous_ or
di sconti nuous | ayepf%e?ﬁlj\?vgess? & naéeélrﬁ?sg{%:l}gma}[% %dgn’c? pgﬂmpﬁ'e&\%g‘? R\ PIEce 5A.
The wast e | aydiormedintie sprhpyembef. phot oresi st, reactive ion etch residue,

chemi cal raﬁ)ghani cal , pol i shi ng resi due gr post-ion-inplantation residue. 25

The waste “rateri al 4 RS AV PR IEHPYSA BtYegY) EhessortymPMbFLANE thevsisgRdiio ¢ or

organi ¢ cont amlﬁwlﬁeﬁﬁ%%&a%%wﬁésﬁ%?%{rﬁﬁr %J‘éﬁg%gel_acryl ic, novol ac,

{1 ior  ne. _ch or | ne, Atoiings brthemdinaimandoblinprssensisiebtonconiay n ng i | ca
: : ) e n iy

or alum na abrasives. w,th.,ot.her .co n slurry additives such as oxidizers,

buf fers, st abi rfl?@é‘?ri?r %ﬁ?‘#’&ﬁ?%ﬁ {8 }"’%Hﬁfg%ﬁﬁvﬁpm{b& sHpstrets Incyles paRiENg

agents, COr I oSh@fbérthélbdingbslead: oft BShy ?ﬂﬁ%rﬁwd%&}@iﬁ di4peS é&cﬁis%?&%@c es may

e

be cl eaned or otherw se treated using apparatus 1 ncluding, for exanple,

MEMS, MEOMS, dHtvbobpreeessdhidonie ihecwbstrainin tBe Chambaro/Thanoray trendtenises. - 12
29 OCT 2004 T | s:generally a flow pressure cgntrol
system 100, a Sfca"i%?% ﬁ%%%g%digﬁéﬁg‘g%gxﬁf%%ﬁw‘P&@%P@ﬁ’f%wﬁ%g , a
pressure chantet ofidsapiulyynetitr tlaodgtaths ubkhétahe shapgdbitng system 500 (Figure
8). The pressure chgnber assenbly 400 includes a pressure chanber 410. As
di scussed in great er"Cd@fai PeTBRITGIRY npledoa disirimition channg! thereimdheatdeastir e
chanmber 410 f QfueRHRGESSH dAbndild e tr ol em 100 conditions
and applies a élﬁe?ri qut%r%y or chg(r:}nfr@tl?%dg& 21?%{%1 (:rh(e‘i%erlf“g%?(t?%&i’émé[ f’ﬁ?%% or

nmodi fi ersP0 C@zengbar. t he form of |iquid, gas, and/or supercritical fluid

(ScC02)), and/ or aéﬂjgeﬁgre of chem stries and COz to the working surface 5A

of the wafer 5. Th FFLA0E SRE AOTt A denshat b anglsvath weprech thaf er 5 and,
optional ly, myeSohdaxiaiestedblyomkasiditate Ilé?'pfoﬂr ohS UM olellle
recircul ation system 200 may be used to fll?e and return process fluid to
the pressure dﬁﬁéﬁ%@rﬁbﬂlﬂ(ﬁ apgpsh Withaespeettp tbystaion3Dékisuppl i es t he
process fluids and may be enployed to clean post-process effluent and,
optionally, return a portion thereof (typically, recovered COZ) for further
use in the apparatus 10. 15 Turning to th%"flom/pressure control system 100
in greater detail, the system |00 includes a tank Tl containing COZ at high
pressure. The pressure of the COz in the tank Tl is preferably between
about 400 psi and 4000 psi, depending on the processes) to be executed
using the apparatus 10. The volune of the tank Tl is preferably at |east 5
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The tenperature control device may be, for exanple, a tenper&Bufbis2iéor
and a heating coil or_probe or heat exchanger. The tenperature of the CQZ
inthe tank Tl is preferably between about 0 C and 90 C, depending on the
processes to be executed using the apparatus 10. The COz may be in liquid,
gas or supercriti cai 25 ghase A pl ur?l ity of outlet lines L3, L4 and LS
are fluidly connect &B° FR32Y REmbstea [nclydg amharakityerfithe spaey partsfaymaskindbsi r ed
to supply |iquigaddénfkem the tank TlI, the lines L3, L4 and LS preferably
draw froma | ower portion of the tank Tl (e.g., via a lower outlet or a dip
tube). The outlet | Thespragmembenmdy lishfdeaitdt-yhaped deaibutioe pdfichathk a71 to a

chem stry supp conditioning.system.120 (.schematically illustrated in
Figure 1 and digéé(’:trolnsgg a?’lli’oﬁrbg]é]g Pm?ﬁItlﬁi%Fe %@‘T’gﬁﬂ?n BoTHgRgAltPRatialy, thhd a feed
line L2. Val vesprM meMBeridy ¥21@k dkOMHaHRIIt@baamM bOioh R¥ad 1 lines L3,
L4 and L5, respectively. -13 29 OCT 2004 A plura ‘?Jtt? of - gar?}glt?ery

suppl i es S1, SPrayeorhpeing fermgryn eliwdbwintportidre syst em 120. Each suppl y

S, S2, S3 may i ncl . S em stry. or | tiple coppatibl

cheni stries that aréggoégg‘on%rtlg A Oﬁgfnrgﬁég?%’ésa%tggp]ﬁeﬁ tﬂ‘é‘?ﬁg&’ia\f’éﬁg%‘fﬁy S
S2, S3. The sugpilyies amprceinbliddea bitetrh@ SRAcdds peacibalE Sishes ifhspased in

sui tabl e contai pers. Were feasible, the containers are preferably at

at nospheri ¢ pr@<sYRseelt & Praomember is pravidedanaludiag al lersigne Svay porefirsedi es
provi ded t - i 23 1o O j e...for exanple: ter;

oxi di zer sbgoucﬂﬁgls%%ggi;%ﬁﬁgg%s gﬁ%plgrgt%g;%%erga %As]l;ﬂgea%til%lag{ e g@sp%(\ﬁ}%%ﬁ}euori c,
sul furic, and substrite; Thasmsy seathens retadrbaiis dtdiohar i At Mtiodioas vessdl
anmoni um hydr oxi de;. sqo] vent s ch as .organic carbonates, |actones, ketones,
ethers, al coh%%ﬂomgfqhipﬁégﬁs%w%‘ﬁso,f therpray Rembey; theoygh thetai irast ngehras

bl ock copol yneggt.or random copol yners conposed of fluorinated segnents and
hydrophilic or |ipophilic segnments; surfactants with sil oxane-based
conmponent s and hydrQpisrisiof therprésepiphiértion vatipapprtiateddyritesetdf ondharyoni ¢ and
non-ionic h carban- based surfactants; alts, such as ni um
f1uori de alg c%g‘? %n%? aﬁ O%ﬁé?%dmgeoﬁeeﬁ@%sr @@Qtﬂsﬁém@%ﬁiﬁsmti@ﬁﬁ ch, when
combi ned or expefaddemboinanohigsilowendh HoscFBaGH bé!&%ﬂae?é]?ﬂﬁ{é&é' off N @
manner t hat |gtBedes t he process and/or danages or unduly fouls the
apparatus 10 o REPEH BVEnRRBnpl es of inconpatible chemistries include acids
and bases. 20 Level sensors may be provided in each of the supplies S, S2,
S3toindicate that a refill is needed and/or to provide a netric of

chem stry use in the process. BfiefBesstiptionsf theBaivifAgs Coi | or jacket may be
provi ded t.g control_t he ierrper tyres of the supplres. A m xing device may
be provided in eachF@lppl ¥ plocksgiagram of 2y appargivs egecsdingithn cbpdmgats |

bel ow, the systh@?}egglgiﬁv%nggﬁr able to provide one or nore controlled vol unes
of chemistry (with or wthout COz), which volunes may be conditioned by the
system 120. The feekighings dllodndiag@manfe danlstiyl wipplyycondinnatiasstta t he
system 120 touf]g)ecei ve the. vol une or | unes of the chem stries. The feed

line LI is flUCHPeERHed Ry RPgraS ffF)8wreds1 in f1luid 30 conmunication with
the pressure chamberighdds isHWolle@dahinnd shalkmafil Uiy, pray
menber 190 in the prgs_sure charrbergll410. Fil teras1 Fl aﬁ%ﬁﬁ%%&g‘ﬂg%@éz in
the feed %3 nesyplemgieeming a pagisqfshs anpetajus @Rigereahl y and as -14 29 OCT 2004
illustrated, the fig, |, re_l ocat downstr.eam of. all |ines that
feed into the feed }%‘]%ﬁt%‘ Sfl,blﬁé(_ﬁgg@%lcoﬁ%ﬁ&p?{eaﬁ%%wgcﬁqwt&yy connected to
the pressure chapiyaonditioning syaenysiming b pBl of heOpPhRRls@fiFSefeaw a full or
partial vacuumin the gqrhgssure chanber 410 through the |ine Lie. The vacuum
unit Pl may be a pUfiBUHRS Brieblogk dragramof spaltemativarcsirpulpinraiynem @Mtming near
vacuum at al | 085 thY aghasaN i , operating vacuum punp. A vacuum tank
may be advant ag%ous ina}t%haegfﬁl%i’fe‘ls}i res%ure chanber 410 nay be evacuated nore
rapi dly ar@l the tarikigwey6 be tlecediagamtefd fufthdrelvafdie peReaatséne stet
occurring. If ltiple v uumtanksf@.r_e used, they may 10 be staged in

their operati oR" 182 3RE LY TPERIUSOLFigSH i n the pressure chanber 410 in
less tinme. The vacuy Misapﬂoma%%m%%%ﬁ &0 ' e air (or
anbi ent gas) introplu?éd to the system In %@gh (t)bglte%ﬁsrygt epﬂ?c%ﬁ%g:)r essure
chanber 410 neéyibsdirapgenelthaptesettdeedtion | nsert and/or renopve a substrate.
During the ti-ne when

-9.




15 the pressure chanber 410 i's open, the chanber may fill w tzgar%'ﬁeagﬁ%gas
(typically, air). Active control and nanagenent using the vacuumunit PI

may be used to prevent this insertion of anbient gas from buil ding up over
time in the process fluids (assum ng sone |evel of recycling of the process

fluids is acconplished). .20 A circulation Iine L6 fluidly connects the
pressure chanber 41 ggﬁtasg%crg?éﬁegﬁq@%@{emtj@ﬂgp%m%h & 455§18°lY 6 draws from

a | ower porti ofcidinde eplRamkEes SAIPREer Hlenfo s RCPAGRI oGRS SUPP! Y tank T2
is fluidly connected to the pressure chanber 410 with a controllable valve
V15 provi ded t her ebBigiee is aeressesegiivonal vieweo2be preswndchaynbgassshablyathi gher

sat ur at ed vapog: e CP. Preferably, the secondary gas is an
i nert gas. I\/b?%gg{;e?g?%rb?f?%t%ﬁlg%’econdary gas is helium nitrogen or argon.

Pul sing fedture 30 Piguge 1@blacrylsdtmordevietoran u?_ﬁér%%aﬁeﬁéﬁfe@?&fniﬁé@pmy be
fluidly connected to the pressure chanber 410. e pul se generator” 102

i ncl udes a cha¥iBs Preaies ehambsr psemslyraf Higgrefsnber 102A novable in the
chanber 102B. The r i bl e t.0 generate a.rapid
decrease and/ or incllz)J!rPk gisaeegfgstgﬁ?fagtjf?égngEh%E‘Sﬁé’j}zgém&?lea%ﬁBﬁﬁ}glfr%mssure in
the pressure chanbeFigdol2 Bradfottombily, vieheofshepiary bbdierf Eigitee 0pr essuri zi ng
menber 102A i s 'betP\éwéen i’s%bout 0.1 and 5 tinmes the volunme of the pressure
chanmber 410. Pref er@8Me 13 15& FoBSEHRREY ISV 21ower saphbastes domming p 99it de
pressure puyl sidrgheyel®se @ian?oef@és@mgfycﬁqﬁi%@&@-abom 1 cycle/10 seconds and
50 cycl es/second. Preferably, the pulse Generator 102 is adapted to
decrease and/ or i ncfigusel4 se ipttessplaeview dftiee Jomes suaré hestandfRigddcOL 3y at
| east 100 psi, and re nreferabply by between out 300 psi d 1500 psi.
The pul se mechani sm &Y. elsélﬂfngfgeldaépés‘%m%%ﬁmmm%?ﬁ BPIESEIl e, a
pi ston coupl ed:hambar AssOEHF oAFiHAL @, a rotating shaft and a connecting 10
rod, a magnetic piston npvable by neans of an external electric coil,
and/ or an el ect ri caligyre niearmgtspedtiveyiew ofiy dumsedal faining aiparvefithppssome or
di aphragm;<l n | tic system the pul se nechani sm nay be
151 N @afudr %asgérhﬁl,y%g Fﬁ’yéhgrg z8

paired with valurng to qurc nit and rel ease pressure to the
non- process side ofFighee il Bplfraagientdte pelypediveplide bitheche sdbl SF Piku®é 16;
di aphragm In one odi pent, the high pressure 15 tank Tl and a | ow
pressure vessel sucHSYEe Foisgyosgsestionplyiowodamersewd chanpsravsealyot i ve force
for the pul se FBGRARI 1S Pk $1B0diR enth - Suitabl e val uing (not shown)
may be added such ?%Iat the pu se1 (:e %rﬁglﬁg@g%ét}n?éﬁ ’ed from one pat hway, a
val ve in this pathvébgurel) e ccdsesedioanliviewe  hlpasursalathbaraeahitdy be driven
back to t?@ pressuyre c%er 410 t hroygh a second 20 pat hway including a
filter. THe s&&EHEM§P TSRO IS dhs RFETRORINYERE%i d to the pressure
chanber 410 t hr ougtpitife Pk Ao BERTew 9 cHllRe roptlihd y serve
to prevent the rei nt?oducti on_l!g?1 conet am n%mts %tégéﬁ%ggg@#@%%uﬁe waf er
or particles gopaperassgembly oh&igwredd; chamber, if a piston is used. Wiile the
pul se generator 103.is.i4{4:ystrated . as .connected to.a botfom 25 portion the
dﬁ&lt‘ehil H3 bo%méar%} g{egror%%ﬁzﬁ}xﬁﬁ% ogf%r? @

pressure chanber 4 e pulse g m any hei ght of
the pressure chanbefigdidd22 k@ cBaEsbaidhal viewlof FRYchEk SEFighfdb @ aken GIRRL I gure
t he pul se generat_or 102.to draw from an upper portion when used to
facilitat e prdbedaed2-&tin Figure2hwo- phase (Iiqui d/gas) process fluids in the
pressure chanber 4344,0f flec Ld icutate flow in the

%. eI jtﬁrsrgf;%gts%%ioggl\’/gﬁiggmagqewéjtla et ‘i\%aﬁlb?%pi dly away

vicinity of the wafe ageous 'to Ve

- from the substassmblyacdoatieg (ofrthecahbodimentabhee prdsant ifvd@iohf acr oss

arallel to) the wafer'ss surface as a bottom nozzle
(p ) Vﬁgure f4-1s a top plan vfew 01p a chuck forming a part of the pressure

chamber assembly of Figure 23;

30 Figure 25 is a cross-sectional view of the chuck of Figure 24 taken along
the line 25-25 of Figure 24;

Figure 26 is a cross-sectional view of a pressure chamber assembly

according to further embodiments of the present invention;

- -10-




woul d. Arelatively large pul se chanber may be used to enabl e2dh(iTci2804
di:sl odgenent fromthe wafer surface and al so enable particle transport well
away -16 29 OCT 2004 fromthe wafer, to prevent redeposition. A
relatively large pul se chanber nmay al so be used to enabl e phase changes

t hrough two phases . s. fromsupercritical toliquid to gas. An outlet
line L10 and a val vgl@ggg?% ap}PO fl?jg]ﬁa‘toﬁ._cassgfaé’(f?‘?mléqr)foﬁlgﬁg 2PRR Ogﬁ@ssure

chanber. 410 t op@sduy\Eifanilice aSumBly S iSike ZUCh as to a | ow pressure tank T2

as discussed below,_a fluid transfer device (e.g., a punp), or atnosphere.

Wast e ef fluent fronFigige Bf issserpes-sentionséviead thaspriemémdenofdfigute  thkeerl ow

pressure regio on%&e"ﬁ@b@ﬁoﬂﬂgﬁ%%ﬁ%ﬂ renmoval of waste fromthe pressure
the

chanber 410, 1 I'Tne L1I0 an e’valve V6 may be used in tandemw th
the hi gh-priessure tHigardR9 isa Fanat plag vighesdipeayPubs08r doBoldif (BITasRYr €
chanmber 410. Thi g%gay be _acconpl i shed by raising the pressure in the
pressure chanb®POUIBEHSOf fhemeseptigkention(i e. . by control ling one or nore of
the valves VI, V2, V3 and/or other valves to provide an open path between
the tank Tl and the pressure chanber 410), 15 closing the valve V6, and
then rapidly dropping tDetpilakBesceipition toliéhoPresaued Eaitmdimend 10 by opening
t he val ve V6. The vxﬁﬁte effluent ma o,to_a | ow pressure tank, for

h

exanpl e, such as t he™t BfRCT VeGSR snabedugors & bisseinaler $8theeded. 20
Chem stry fupplefér&inRdb tHeoRtbHiel i kddQfd ng
system 120 is ;p(arr able to pr ogi _?%%EP%@’?@%%@%@Q%D%?%@%@% cal
adj uncts from myentipmse shogvisThisgayengan (uayr kovervef,dsemitsdizdlin esnprdiffdentus ed)

to the pressur 0., Mregver,, t.he stem 120. may be_.operable to
sel ectively co%tn?l g%@ﬁ@“@“&%@é’&%@?&%&bﬁlﬁﬁ?ﬁ%f S ?gm?q <t g
cheni stries orragfee theskereyto@mentdard GESHHAANG Shabichid disBR e SRBME thAI¥EIM Anan.
certain alternative confi %ﬁti ons nmay be enployed for the system 120 as

iTfully conveyphs ssepaekide iveniiehts tHesscskillstiimtheher ei n

descri bed her eSHBRIFIGvAENT Wi
that various ﬁ%p_ects and features of the disclosed enbodi nents nmay be
omtted or conbined with or substituted for other aspects and features of
the enbodi ments. 30TW presanefraeetheeretatesidegeraly &, ieCiRiTtS dl¥aning or

suppl y/ condi ti oni.n stem 120A i g schematically illustrated along with
certain rel evatﬁefahﬁgr"? %?tfcf%"es"g’ﬁﬁ%ﬁ%@ﬁ@ aspemiacqndyetgr sybstigtendugiagiote P3

sel ectively dr i AVt : : L SEr I “farst flow
fromthe sﬁpplﬁﬂyhsé‘:fcﬁitE %ﬂg t@e@éﬁ%ir F%Oi;l'%l &gjagi%cg%tﬁ ?%iﬁh&%ginclﬁ#g%f (i?‘riuiés? 29 OCT :

2004 pr essur e. MEM'syEEGM asod bply-aentions de2ResreRemoed of kefacelcunmmafantshe
fluid int

reservoir and thereb he vol une.of, the chem stry be
del i vered to taﬁ%1 RS ecslﬁsaﬁ?selsé #§%t§P¥ﬁ%.lntW§tﬂHF°HFﬂlt% 17843} PIaessh-c é ¥S affay

al so serve to fehGHN dearifestyl (bommehlvtBR bl W & 'iclibahlg'f; i &x%%maﬁoﬂh by

metering the flow through the device P3. The chem cal "adjunct in the
reservoi r may BRessEal hedifigrant fypgn abelednsindudsf pragrdaffision ¢lbarmsufybntand of the

conditioning uait. i Low), the filter FI the line LI
into the pr es;Ii lrl}{reep O&aasﬁrjba%?ﬁg’i%ﬁ%? c?%ftﬁgﬁ P%/B?si}je?%eae@.%.eﬂm%ﬂggp%sﬁuﬁ cal COz
(ScC®), | i quidedBiyfromiend ofifiicding @lhstiaGtii bdizerl ofIRE BRI R ip ffcdiMohhe t ank
TI may be delivered to the 10 reservoir R through a Iine L3A by operation
of a val veVv1AmPATt 5 &t PﬁShChffI@%lfm%qhém&aljrﬁmaﬁlzaw (EMP) deamser eby

del ivered t o t1RrPh@TRaHyRySRANASEwd oAU A HRlahiehes hhEe F11tEr Fl,

and the line LI.
fabrication process. The particles and contaminants may be molecular, ionic,

atomic or gaseous in nature. The source may be inherent (e.g., redeposition of
resist) or extrinsic to the process (e.g., wafer transport).

30 The shift of interconnect systems shift from Al/SiO, to Cw/low-k presents
new challenges that may be effectively addressed using the methods and apparatus
of the present invention. For example, a primary problem with the transition to Cu

is the tendency of Cu to corrode when exposed to an oxidizing environment,
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‘Wth further reference to Figure 2, the system 120A is a?d‘e\dﬂ@bl 4064 del i ver a
second flow of chem stry-containing process fluid to the pressure chanber
410, the 15 second flow including chem stry fromthe supply S2 which is not
conpatible with the supply SI. The system 120A provides a flow path for the
second flow that is ¢€ arate fro tt}gt used for the first flow The second

fl ow path incl tf@8% FR0t pave the selirpassivating tppewics ebpbridvmyigestal |y t o
el ements P3, Ry a3 Al dahdsd A SANE: ' oye, the
second fl ow rrayuré%gzgém chem st r3s/ egﬁfy st reeam : F‘?I?%.h,qé}?n‘g%%sfs%é’%e=i S
transferred tolundsserieg mdit-oifnfPde dinldetriodayets) theugly reheigontiuttiyeddng uni t

C2, the filter ,E2,. and the I'neQLZ t tg% ressure chamnber 410.

Al ternatively, “8@10 ot tHES b%ﬁ"r 0%38%’97 é&‘ﬁi%ﬁ%ﬁ%@bilﬁfﬁfﬁf%t@@éervoi r R2

through a |3 necle@B With Rk M@l O san\RhMBle Vit BaStieh d%ﬂlgfa]stfg% A5 agrﬂﬁé/ O is
e. |

delivered to the pressure chanber 410 under’ pressur gure urt her
i |lustrates thehayatries sasnfzon Q% pet other inprgenik Bpineorr ditlectric films,eassekivii d from

the pressure c 4 e reservoir.R2 b ing P4 or a pressure
differential. 'ﬂ@ggﬁé 'u%gee%%fqtfuieop rﬁgs‘?[ @geqtmwgéa#ﬁ?qq%q@r@ggﬁﬁﬁalkpwf or
reuse in the pecleasss thede huwtilercofihdct §fstet0t shown) may be provided in the

line L6. Wth refergnce to Figure 3, ‘a chenistry supply/conditioning system

120B 30 according t & fisefasence enBigmred mmsanparapusel Ocesrding th puedertédon i s shown
therein. The sysb&imn [ i I |l -suited for delivering gaseous
chemistries. The sys%ﬁ@n%{g%éﬂgggb{r%g%% )s{"S %%%t SIS eae %ept that the

reservoirs R ,afR@rausel Digiatibsed wdedni afureesBaiveleEebstiste FRARWHEL GE ]
avai lable to the conditi nihn u itf' -&18 29 OCT 2004 Cl, C2 via lines L3A
L3B and val ves SARRTHRHC4/A%! O%?/Ofgi#él Hr e Artdrom the depaingion haissT bet weighge P3

(or P4), the skstuesnahdQ i 'ﬁﬁatar 1 . - h_the
conditioning unit d (oraoég:z%‘)yc’ﬂadrilud t hgtt%ﬁntagirlg%l%{h{)gér d%%‘b%ﬁ r%1ﬁlfegc‘5'\?r%ay
pressure chanblsuseddor d¢aningertdtharivse tiehgie pefesserehd@hasny sitetradded to and

i xed withdh i st . i.n.th ti di ti oni it d,

& n"t i ¢ auBSRE Xodlie®y ¥ mil oh AnerERpS Juh e peakilen TRerre s 6

chanber 410 nmedesbieptiteasusin thadYar®lsRbidendddearld QWsok 4t b@&‘ﬁ%ljeﬁltﬂe}’%&hf ough
une

the fluid transfer device P3 (or P4) or by neasuring the vo change in
the supply ves@aY ge emitgid aszeplqied Withogtherdf@sxamples bamiestioriabsoapdhears GOZ t o
the conditionig i :..and 10 C2 may al so be controlled to achieve a

desired ratio o?p%%fbﬁrg%ﬁ%m stry in the stream being delivered to chanber

410. Wth ref er enceThowhlegfineybe, for ekenpls)d wat BRI cMbLik RG] S)eat em
120C acco;zrd?i ng tq:furt_ er enbodi nents of the present invention is shown

therein. SHERP1 3680 Hetw gelsua apanids: eicarér evaladviase sestopailabl e to
o e Vel S a0 ARSI S OO RO,

wel | as the supply of high pressure rom 3A and
val ve V1A). The caetiiuoss PSikamtiesoustiaycs ef easte thadreilisdispost s tigvek

condi tioni ng usg‘iftt C? and one gr both_ of the fiJters FI and F2 (dependi ng on
the operation Sfe¢aPied Mo8aSdeXyi 618y 06 almwar of RBotpresist reastivg ionpighel y

i njected into rkeleudcB&atbEmedARRET HrkiR; UR | y, &
fromthe tank Tl may be added to tph%%%ggg%%ug%%g?nﬁgﬁglyggﬁ%ﬁ?é(% ﬁ%i ng the
Cz into tRe cfdvastompisgalinithe doramsntignadileydrs ey lisdBudanidotdagic\oaloveaniél B. | n

order to prev X1 i.nc atible chem stries SlI, S2, .
(prefer abloy, ?&%‘éﬂg@é@%&%ﬁ%%pﬁgﬁﬁgﬁ W SHEDIG, APy, Erd?é’éfoéﬁr%’ﬁé?l‘)lg%ml i ne
L3A to flush trhdeklanhgirideansfe eictioviige H%@a@&ﬂi&n@%fﬂﬁ@ﬁﬂéﬁ"@ﬁbriﬂé, bfni{mainfel ow

path to the pressuyre 23 chanber 410 shared by the two chem stry OWs.
Recircul ation cgl}gcﬁg%an slurry residue containing silica or alumina abrasives with other

common slurry additives such as oxidizers, buffers, stabilizers, surfactants,

30 passivating agents, complexing agents, corrosion inhibitors or other agents. Other
types of workpieces may be cleaned or otherwise treated using the apparatus
including, for example, MEMS, MEOMS, opto-electronic devices, and 3-D

micro/nano-structures.
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The recircul ation system 200 includes an outlet line L7 ZI%iddTy ?88nnect ed
to a |l ower portion of the pressure chanber 410. Lines L8 and L9 are in turn
fluidly 30 connected to the line L7 ‘and also to the feed lines LI and L2,
respectively, upstreamof the filters FI and F2. A fluid transfer device P2
is operable to draw.fluid frgw.tae $ressure chanber 410 and force the fluid
through the |ines LBM#@agsAPelpdesaenenally pdlon/paisyre watpl wssor W Ramber

410. The reci reuiralifthnl dytesh F000%sy /recggeer(j-gst(%ggﬂo, egﬁrecﬁ%ib%d with

other fluid flowin the lines LI and L2 ( romthe system 120 and/ or
from the |inesast@uily 404,)and\iadubsitate/Marsitidg VStam S09 (Kigirkes). iThetphasirenes L8 and

L9. The recircylation system.20 y serve to provide additiqnal fluid
mechani cal actcilfl(‘rilﬁ1 f{)aﬁsﬁﬁg%@ﬂngﬁ@é‘@ées\ﬁ}]@ﬁgﬂpgﬁe i ISHSCHsRSA AR _S’f‘?éqerrem)val
of COZ and/5or ddheTbelbwythaRekfdrtis Q6ldGhH HRbrefsuReWabl ADGLPHroEReHLS Y -
Moreover, the recircul ation system 200 nmay serve to continuously clean

(e.g., filter, leWpraspyre contra spsieratl80 sonditorsrand applicsagiheniéntiyi drychemibtrieat i on)

t he process fluj i . Cl i.ng,.Proc s An alternative
recircul ation @%?gtr%ﬁ%&és%?%%? %%’Eéfp‘?%@%r%e%ﬁzé@éﬁ? fqrﬂ’\/‘gﬁ‘tqiu 2r% AHBn i n -
Figure 5. The spsicaitiva TRl (SeCPesnddt Outdngt of tRenibidids aﬂRﬁC@%'&) {hknes L15 and
L16 fluidly conn%:t the line L14 to a recirculation nozzle 193 and the

spray nenber 1@ g8 P ef {he wafer heThy 8bsimate hansiing systanF00 Aokds thed
transfer dgvi [ lsui.d 4 s r re~chanber 410
hrough a P11 (arors < SRR FrbRes B B St S A R RIRRET B U ¢ ne

- nozzl e 193 andeorculdtimnsyystay 200meerbehd0d to/altsresd Yetuanstodd3s Aukl tprigyi ded to

enabl e alternati ng d(gtanla%%er of 1 ui }o the spray_nenber or recirculation
nozzl e and to PrEvE Pt oS SHERIR/TRI08 Gt FP S BP0 aplis 1be mrogers Hluids

further al t er nainisy EEGHEIGMALIRANSKELER A00MBECARCHARLAY LRupL esent 20
es an outle

invention is shown in Fi ?ur_e 6. The system 200B i ncl t line L30
fluidly connedwirien thaoptterisalie rashaeroe CO4) Oortfortlzer sisé Inl th@ 4fpapdravithg a

heati ng eliement 24 hr qugh transfer tem 2 .The transfer system 242
converts tlg’e wastesis'frfﬂlélggﬁ) eofﬁqvf/%as%?%gﬁ% S%%%‘iﬁ? HharﬁatFrr%?ﬁlLt ¢ starting
state (e.g., |syswindioocedndassesk T Quhdiniy COYREREE bicsfidd. ThathdisutOo

| i quid. Preferabl@b .the transfer 25 system 242 iS al so adapted to prevent
backf | ow of f I8¢ §8:21R SintameTLis prelfepably besweereapue4Ups anh4080psia10. For this

pur pose, the t : t I e_one, or_nore -of £ _val ves
and/ or one- Mﬁe@ﬁ%%% Sgﬂégg&e%ﬁgs[) E@X%E’gﬁ%g{égtuﬁ%%ﬁ?‘? e atuﬁefdp; F@%esvl?ﬁlgn% hanber
410 is a |iquiafthd task fildnpfefaraldy at least Z4mneme ROlunehdAgeprehard didhepr may
merely ch%ﬁge Aﬁ@e tgelrr%erature of the 30 fluid (e.g., using a heater or
chiller). “f t Y SEE SATFG! Sty eR &gy he vell sapeacted 1o thestank Tdnpr essed
liquid, the trapsbepesyst @dﬁu@ﬁe\ﬁé@?ﬁhgﬁe,qofé%% tér%heg%%‘@seg’l ordmg g0 Means

of a torturous path, an orifice, or contro ansfter system 242
may al so i ncl Useting cahprarabawchcat exehamgr.eTearentperahire bfithev@34 @ thé taakmi- 20

29 OCT 2004 fr.om t-h ressure, c r I§ a supercritical fluyid, there

i s preferably &P &eergglglbg e&fl-ah%\?@r%gaﬂ&fdsog’ sa‘éﬁfna’l?g\?é‘ tg"spli%?ﬁsesa@%&

t enper at ur e- aldxegitetusiEihe abparhidh 30 CTRE CO, mdTBok iﬁ@iqﬂﬁgéss&_rsﬁﬂé}ﬁri i rabl e
0

to cool the fluid to cross into the 2-phase Liquid/Gas regi on of the phase
di agram @dceHbAsdhe liquid state, the fluid is boiled/distilled in the

which il bepr cdonbhinit o e JRELE e SERBRE S omtlk DR |1 be
predom nant |y %nj Inrthé emmeﬂiasitmayafgidési@mmh d ligaiat @Ol ﬂlaﬁhttﬁ? éa}inean;l@vi er
conponent may be nyeyed (e.q., by gravity) to a recycling/disposal system
244. 10 The odcg L. ’(\iﬁiﬁa&lérpfe%gﬁabb(mwﬁoma sporpneoiientankTdHaggeia 246
via a line L31a1m%f§uﬂe*66r$§}%t9%. The SR 1eC RIVES LEALS HAY iUl at | on

of tenperature and pressure) to’the conditions processi ng uird (i.
e., liquid?® cdagr Btsedchdmjsirdsupplgupeittming syafenf 1200 (@dheniatichleil fubtgitel]
starting condi.ti©n s liquid, .the exchanger may |nclude a heat transfer
coi | 247 conné‘&ltﬁ'oégfr\téﬁ Ei“ﬂéﬁf‘f‘é'%ﬁi HySgaet é@a‘ggelﬁg’)se?stle?%lllff‘r hhsTera leaiing rom t he
condensi ng fl gix) VAvEw1SV2 bdd ¥43re prieidS BRYroPBoRIA e I%@USYLQ'aﬁﬁneq
through filtration, adsorption, absorption, nenbrane separation, physical
separation (el respesitvelf ugal force) or electrostatic separation. The
conditioned COZ nay then be provided back to additionally process the

- Substrate or to process a subsequent substrate. Additional chenmistries my
be 20 added to this inconming fluid (e.g-!3at a mixing reservoir 248).




The distilling recircul ati on system 200B nay be used to pr o%igdgcé éus
continuous or intermttent flow of the process fluid through the pressure
chanmber 410. The mass flow nay serve to assist in the cleaning process by
transporting particulates away fromthe wafer 5 (e.g., to prevent redeposit

on the wafer) and/or, 25 provi di ng nmechani cal action (agitation) on the

waf er surface. The {}Bégraﬁfy&gc%ﬁv%% SFPﬁfeé%gdsﬁ 3&‘"?1@?\%?%@1@8?? tathped. The

mass flow may betdwil2y, Bidhvepplp)sit B2 widhf inedeh s cﬂe&iﬁgﬁ%&ﬁm{éﬁéﬁ SO
c

that no punps or other potentially particul ategenerating ani c devi ces
are required. fRMPIplechepysiseethaisyre tembingd 2t orapsiréasn 2fIBe révspedtivexapEnger s

246 may be usedqt O\t i 2d.continuous. flow. 30 Each qf the
recircul ation g&ss?éﬁé %g?u%iﬁl%ggwcfa%e Beép%C?FﬁF 8@%’&‘5?]88 E}SB%eaén mass fl ow
through thes chauttable cbfinerd. NWhtrel fosshl@fthdéAAE&s bl irefePBssat0AMhEG Process

| oop (except the relati velﬁ/ smal |, quantities of adjuncts "and particul ates
that are filteP&susT oo for eenvspienorfilling. process fluid stream Moreover,

-21 29 OCT 2004 e : i { ' e Q,. 20 be
enpl oyed to provi deﬁﬁgcs@rql%tg\?vs ?‘E’?@Sgﬁ&ﬁéﬁ@ﬂ@@% gZ’l%?WYHb“f egfogeri ng the
chemi cal conposianipde vodfter; beidizencesisad peubxldesAs pdapirpaaed; Acids gwhes 1-5, the
filters FlI, F2 as fi,ell a@ the filter F3 are 5 preferably adapted to provide
filtration of mydrpRuQuic. sufifrico prdknifric; bases sughqe seonderyrand terbianyamiagfonet er s)
to 50 microns. apsiohrd Bydrbkitier ' | f il type
filters, magnetic fil tgs, el’esg%vr@%ﬁsétsg{}f%%gﬁée%,%rg&gﬁi %F{ogé%;etﬁg rons
t her eof . Pref etthersyalcahols, pifixides) thisdy, ead eltasshodfarentssuciexetlyck | ui d stream
pat hway into t&) Og&lee%sulre &cr)lanber 410 has adfd{fjféﬁ%r' as.,its final el enent
before the pres®drdiehShBaron GoREmeE copRpEqdafifiyorinaied sqesnepisandng f 1 i d
transfer devi cegirfgiilicedl 1&p€@yhili&@eérhéﬂt|§t Shﬁ'aétjﬁ!_lﬁs Rﬁﬁ%‘ﬁ%!k;ﬁle%ﬁém%m@%%ﬁr eCZ -
S ' '

di sposed upstream of at |east one filter. e conditioning uni
may i ncl ude meENYERPIRicQTipophilic shapPRants; esnvehtiotsd i amttorsionfcor i xi ng

t he adj uncis a when ) onote honogenei and | vati on of
adj unct s. 1'Ijhenlg’onﬁl ttlgoonl n%yélﬁﬁ%%h#aégda al%s %’EISWH%BHWJL%?%? B?E@EPX’PF'OI ling
the tenper at urlacahpdtitée eltjmisteies e chetlsids VB, wheh eaRbBelior ERhsEeN GRS OF
processes includeg nmechani cal nixers and flow m xing, Tenperature control
may be achi eve@og?ﬁﬁﬁn%rodﬁ% with-ang apaiher:igia rgannsr theb eeedesig/povceananddarer nal
j acket, for exampl i uid. h xchan may be
used, for exanpl e.ggszgﬁ‘lﬂlr@h?%&k&ﬁ?ép ns es‘rafod@{/\?%fglfsg‘Pg,garE’@,% &@égﬁp%ﬁ% erably
capabl e of accthertigtiss inpludearids shéhtdey. metering a flow of fluid. Suitable

devi ces i ncl ude, di aphragm pynps, .syringe punps, or piston punps, for
exanpl e. % l e par telr%vﬁﬁg S%?F&%}&Pé?]‘f@g%\ﬁ C}b%gtﬁeisvﬂ’lﬁ@ﬁ B&i% 538 descri bed
herein, it wilihdogcanparel idReldosR/@ho ﬁfﬂtv%de 'Iﬂeﬁ-ﬁa%f%ﬁém{s{}ghséfﬂhhé’us

Wi in

nmodi fications may be nmade 25 in keepi ng the present vent i on. For
exanpl e, in t &St Meanopiah aFp featimgZpil or fesketi mayubapiowidel tmeort®! they f eed to

the fluid tra i h that. the flow fromthe line L6 |s
directed to tﬁglfnﬁérﬁgﬁ{% ﬁ@%@%ﬁ% (é]gflxglﬁ © ey B @rovidsA .‘(‘.'I‘&Gal‘ SIPQH%M
sel ection of t3%SBeed line (i.e., LI or L2) for each flow path, so that the

chem stry (wWth or V\né,hout CZ) fromthe supply SlI, for exanple, can be 30
di rect ed ei t her 2t dI5SISEdn negve detil dglowe tisetysteanl 24nid opéreblade prowideo1, as
desired. The apRa;atids 4Ry vl a8 i supply paths
that include an in-11i ng reser\yg{ﬁ%{#g?ce. ) Stgi(%ﬁ ?ﬁ%ﬁ@g}%ﬁfe@%ﬂ%% and/ or one
or nore par al Ivelumnésanisbe gomslifpmey bp dtdsy stehat20arthedtéEliesilly @etLDRe(i . €.,

as in the SySt%@ézﬁﬁ)cand/tOé one 02 5% 29 OCT 2004 nore parallel ‘
cheni stry suppty patRsCEREE™ 9 SRR %fqWéelgﬁHWO_é@nfprV@um?sg%th@n t he
system 120C) . opghisti@nathefrbdd 8feSL1 i‘slﬂﬂi&ly%ﬁ%ﬁ Qo ‘1%&%@391 LEgGgVol TS,

may be provi ecf e

condi tioning units and val ui ng may as nee to provide
addi t i onalPOf | ermsynieajion idethe prpsfut shampePd@eThe Ted liapfiariafiukii0 may be

used to execut i range. of, pr.acesses whereiin t he f 5.1n the
pressure chant?glrjﬁefwgs% jné%?%eg 1?@ . ipae%WFé’éﬁ@E’erpﬂﬁfﬁ]éﬁﬂFét"*‘ﬁ%§6heres,
i ncl udi ng chenireplovRi] timtheFeeddies ANhnAIDY, WsBscthRBY efferdbly Y@ d0us states
(e.g., liquid, gas, supercritical fluid). Such processes may serve to 10

clean or otherwise treat (e.g., coat) the wafer surface SA. For exanple,

t he apparatus 10 may be used to conduct nethods as disclosed in the _
foll owi ng commonly owned U.S. Patent Applications, the disclosures of which
are hereby incorporated herein by referedée in their entireties: U S.
Patent Application Serial No. 09/951,259; inventors Janes P. 15 DeYoung,
James B. MCain, Mchael E. Cole, and David E. Brainard; filed Septenber
13, 200l ; and titled Methods for C eaning Mcroelectronic Structures with
Cyclical Phase Mdul ati on (Attorney Docket No. 5697-45IP);




2. U S. Patent Application Serial No. 09/951,249; inventoré 38%ds2i8 20
DeYoung, Janmes B. MO ain, Stephen M Goss, and Joseph M DeSinone; filed
Sept enber 13, 2001; and titled Methods for C eaning M croel ectronic
Structures with Agueous Carbon D oxi de Systens (Attorney Docket No.
5697-451P2); U, S. Patent Application Serial No. 09/951,092; inventors Janes
P. 25 DeYoung, Ulystrated, the fijsars il b2 ara docstedslommsivganco bal lindsithaidecddptoghber 13,
2001; and titlggdy Ngésh%gslk or Renoving Particles from M croel ectronic
Structures (Attorney ckét No. 451P3); 4. U S. Patent Application Serial
No. 09195l,247; i nvAnvaons) lidalis isFluide Youngiedka MRsprBssulddBaaibes 48N St ephen
M Goss; filed 30 Septenber 13 2Q01; and tit]|ed Methods for the Control
of Cont am nant @CEGR| 'Priglsea?f%'ﬁt%ﬁ@%%@ﬂ@r@aﬁiaﬂmgﬂw&hwe@s@reronic
Struct ures 5 At dHa5EH Mk&% : 23 %%I
fol |l ow ng asre %xerrp@]?/%r pr (I:lg%slé%qtg %ﬁﬁ{ﬁi@%%méﬁgcﬁ]i%gad |%%glg§8;rr§rgen%re W th
t he present i rnuersttanks. thiraed mrbidined af bensealvaduugy atfdliuided ansdrginuaiayi ces, and
sensors are operativel éuconnect dto aﬁqc:;g(qguteri ed controller to provide

feedback and cOITAGE AEWHRBYLE- {ovactivg Pebyadepiagegisde Sk thepgissure The
waf er 5 is i ns@aher 410 Paj B cRUOKEURRIEH éncf‘t%gtﬁﬁk%%sé&‘- he chuck
510 by any suitable means?spch_ as adhési \gg@%r cl anps. reegérjjél%%;{gbl y, the
wafer 5 is secthidiweisr prosessingdk opqwdng 16multine vemvmer wnkleare nsdde thepelayw wi t h
regard to he r.1hol,di n senbl ies 520 (Fiqure .19) and 55 Fi gure 23).
e o0r o E e R I e RS U L B b A Bl e RSB aloeR 0. i
and any ot her 4J@segessmintdhe pressure chanber 410 are evacuated fromthe
pressure chanmber 410 through the line L16 using the vacuumunit Pl .
Optional Iy, cheni stthf YacBwiame Frmapbeadyrntageous dppmaraging the e (ors@obient be
applied to th ] I em ppl y/l.conditioni ng system 120
prior to pres g}%ﬁ%ﬁﬁgﬁ{;{%‘gg@ E)ﬁreg? gtgﬁ&éqéﬁéac%bér‘l?&ﬁf%#t r%‘?grepcpg@gﬁﬁ'%ﬁclﬂ@'nber 410
i s thereafter fpremset armbdoswidtid ilSE7 afdoefertoabhsubdtad, dDGRE @ tiHeCAZh from

t he hi gh- resigre tank TI. Pri{'erablyh t he pressure chamber 410 is
pressuri zed t dOQPERLS ghambsr 419 1§ opgnt tha slearplsr may{d! withampbicst &3abl y, bet ween

about 800 psi (@;Hﬁc 0 { ofi hifed dohe: ati re. | ure
chanber 410 i's maiaﬁ1 éigﬁ)ggicgtve\gg%% lg{g?&eﬂ ?%npertg%lgggﬁ?%ﬁzg?%%{gﬁe 1.gée?'??/veen
about 20 10C asad 80@evertt this exsariiph of ambienpga fguwabdildieatp bvasimé Bahssed
bel ow. Once the0 regls re chanber 4JIO Lsf]t%r eczsuri zed to tfﬂﬁ?el ect ed
pressure, denspé-%ﬁ% 3 SR SOmg 'L At FRY SRSt EePPrSse HBISdY t he spray
menber 190 anddcesmplhedipzzl e 191. The spray nenber directs the dense-phase

CQZ onto the wafer surface 5A }%)ti.onally, chem stry, with or w thout
liquid or PBupercri ticarulaiym e ke Quidly ¢nanesth the, préssom dambor419omd tf t he

i S, ' f ' h hem
Supply. cond t Pans R 2 rRraBBE eihe i hdfs BED I M G R Rt

hi gh- pr essur e dhamkerl410and t he val ve V6 are then used to effectuate cyclical
phase nodul ati on (CEI\% ;Ybre particul arly, the pul se generator 102 and/or
the hi gh-pressure tAfkCORfarEds sHPIX BNk d 2\s laidly gumeeied i tha praskurh
appropriat e t efpehat 4ewhARRtE Rt 0bll ARV ikl W i

changes between |1 quid, super cr? t ceal , ean%@égldfse{igﬂeg%?e%eregf é’?‘%‘i&%{??@e
phase chai§es sat@ndafif gasthesia bigheesnrstep enporipréssare thadCOb.qPieterailaitRs in a
cyclical fashion. [For exanple, CP rocess as disclosed jn the commonly
owned U.S. PatSrindangas 1525%811‘ gﬁ%%ﬁpﬁFf@EﬁYﬁg‘e TCPTATY KBS Isdeligmy | 259;

i nventors JanmgsudhenlR¥edbpg, James B. MCain, Mchael E. Cole, and David E
Brainard; filed Sgeptenber 13, 2001; and titled Methods for C eaning

M croel ectronic Structures with Cyclical Phase Mddul ati on (Attorney Docket
No. 5697-45I P.)Pulgin féjz{tﬁcel osure of which is hereby incorporated herein by
reference in i , may be conduct ed.

30 A variable volume device or pulse generator 102 may be fluidly connected
to the pressure chamber 410. The pulse generator 102 includes a chamber 102B
and a pressurizing member 102A movable in the chamber 102B. The pulse

generator 102 is operable to generate a rapid decrease and/or increase (j.e., pulse)
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During the CPM cycles, COZ or COZ with chenistry may be appliZef 3T t2084
wafer 5 via the spray nenber 190. Fluid and particulate matter fromthe
pressure chanber 410 may be renoved fromthe pressure chanber 410 and
recirculated locally via the recircul ati on system 200 or 200A and/ or
recirculated via the l.ine L6 10 and the system 120. The process fluid
(dense- phase CoPressdjedp Eiesprassareshsmbendhly diryferably; dreovett Tolume vhthepr essur e

chanmber 410 vi [ . - O S I e W thdrawn from
the pressure c g%@gﬁ%?ﬁe%&@éoﬁéﬁéﬁgﬁ %%§P8+%§Id8$gn§3g§é,‘ﬁgm gie

(i ncl udi ng t heprpssessehaenbehditth Rrefeddbly, niypile: dnUﬁahﬁdﬂQﬁ‘@adﬁEteﬂ'% grdvid¥es 15
with pure liquid or s g)ercritical C02 fromthe tank Tl. The fodrsgoqoi ng steps
of optionally %FS??WHQ 188 YT Hrarae of betheer pleatt  cypled Ospeonds: to the

Fuid mmy be r2osatod s nachay” HEGH RS st e 1or § AR Rkl RIBECDT o cess
fluid is renoviadreasedthoptasomaid the arassurs cignifdr Wil 0l b @t legst,1 0@ psipaisbingent or 20
surfactant) is_dispensed fromth i , .52, S3 onto the wafer 5
(preferably un?fé#er%ﬁ%ﬁgg?té”e??S?ﬂugﬁéblggﬁggﬁﬁg r 190). The pressure chanmber
410 and the processT my@m&&hﬁﬁiIﬁsgmegaﬁﬁ%it%ﬁeizﬂéeﬁélﬁ%%wcﬁﬁ \ygy) are

thereafter flushed wth ScC02 from thhe tan to renove adjuncts and
remai ni ng resi d@Ewle, pision equpled to ladingar astuageds radatingrsbafDaRd 2 Bor(dertng d or

supercritigal ) fluid is. .U [ ve adjuncts_ an emai ni.n ont am nant s
rom the sibst ol hiendictRig by AERY Bt o Sl AR Bl BeliPEa, o

is finally rengvadcallyapidigndica®y dlldraAlitaiRadrivdnPsfo0br &iﬁﬁlﬁmi@ﬁ.e[né and the
pressure chanmber 410 is preferably conducted using pure liquid or

supercritical ®dpauligerpRapaaticrsyptem the Nyl seeshanismandyere ppimd vdthaabriegtour | zed

and the wafer 5.:i arat.us 1,8 rable to
apply the proc@g&sﬁ}{%ﬁ@g\@ggﬂﬁsﬁé%%?ggotr?%%g%%%%gﬁs %% %IJTE éha%%% g?‘l surface at
a pressure of thtrebpdispladd@ fhxspistoand dimph@gm. b one eRBo@EENE Aniph pfcetad! v

bet ween ab]%ut BOOqﬁsi and 3000 psi. The process may .include applying the
process fluid EB< k8¢ aleV pEEste veprhsrchanhe maydr fiidly copaecigdrta pr er 190
rotating rel atiyg f i : ay nenber (e.g., the
spray menber 19% %%ﬂ{%ég%g%?g[sﬁen%g%ﬁ%% 1512535??{:1%@&@%{3121( (e.g., the chuck
510, 522, or 552) n@yitabl vabting (o shdwn)ananteraddbd sedvibat thapdlboshaafbepr ocess

fluid may be j d ross_ the wafer by _feeding the process fluid into
t he chan%l)er 4W lé?gleagfé)&}l %ez%%hwa(ye?é’?gef’%g“%#?‘f“%’@Qﬁ[j’gﬁﬁ?ﬁeim?aneousl y
renovi ng proceghsid dyi tHerbifted bg lirioae bk 0 Hrefsutd \@1aRibkt £10 thidi8h alsBedhd, the

line L7, the line L10, the line L11, and/or the line L6). Preferably, 10
t he appar &fus pathway ppludmgiadilis. phesecand pubivan nfdydoed the oeigming @uid hatbeer 41 0

31 mil  ancous! ST RO T AR BB PRy AR ARG BBl g ana

sprayi ng the preoeesprdieni e ositwodubaonaf @mtdninkitk At Benoviell fohethphase or
nodul ation is acca%# shed usjing the pul se 15 generator 102, a flow of the

process fluid R . nexsLeddR ARt sehembey, 1h7EDisions Ul at the same tine as
the density modul atygge m%l%g?ﬁgrfa&gggﬂésqnu%&%ecﬁgc%xné@%ra}ﬁo%%dmy be

simul taneously rotated. In ea oregoli ng steps 1 nvolving the

appl i cati &% ofpahenibstprésese chivebartid fij the pilas gemeyatbel (@ wyas didvwafibe any

chem stries. I)n.particular, it is cqont | ated that 20 the chem s{ries may
i ncl ude co-sol éﬁ}%g,%h?ﬁ?ségﬁea?&?@@err‘ﬁgcﬁggﬁfméﬁé‘i BRY é‘? fi%ﬁlF&bJ@d%‘i’ H%Ons

t her eof . Not abhy pulsé gereenar B2 ldkoWrRAL ﬂﬁup%@fi?&‘ﬁoﬁ iSRG [IBANG.LES the
chem stry supply system 120 may be used to'safely and effectively add

i nconpat i bl e difeeassssrutidigingdwotrdasehiabidigag)imroceph dluidspa thet pressmepychdmbey er

process Corrpon{ﬁrbtcﬁ_ t<i) fogéttﬂtu% a%{atpa%ti&ltlaﬁg flg\%' ig the vicinity of the wafer. It may be

30  advantageous to move fluid rapidly away from the substrate surface (vertically),

rather than move it across (parallel to) the wafer's surface as a bottom nozzle
would. A relatively large pulse chamber may be used to enable particle

dislodgement from the wafer surface and also enable particle transport well away
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25 liquid, gas, supercritical) to the chanber 410 and may al R Glor 2004
conponents in different states to coexist in the chanber 410. The apparat us
may provide heated CQOZ gas (e.g., fromthe tank Tl) to drain or flush
process conmponents fromthe cl eaning chanber for cleaning steps using
liquid COz. Alternatively, the apparatus may deliver a secondary gas such
as helium ni t’II‘E)‘BgﬁF I%&rt@BI?Vf’i‘td %Pﬁ%ltle%cérralﬂlyﬁlzéarg%u%ﬁ@n#@r gy @lsepl ace
process f1 ul dshclied Redibfd SAN AfindARA0H LR BEREL N9udh dsifbie sk rRinean
either liquid or supercritical is uSed asS the primary process uid
during the cl aqvichtp gtsep. The apparatus may al so provi de heated ScC02 (e.

g., supercritical t ,a t eratuyre higher than that.of the primary
processing fluid _%)Ou@ﬁh@&%qu@&g{ag@{‘{e\ggapggﬁ tg s¢ %VFIXY%I hat of the
primary processiegrd dhdinder #RE@ 10wl HlarSepACRRR L { oW flsssafd @hk 72

cleaning step, but prior to a rinse step for cl eani ng steps using ScCQOz.
Suppl y/ r ecoverap dspapserhbrloav, gdlsid Yansés devicy (g s2 pwnBDOr atsncsplagpe.eWaste suppl y

d/ I I d hem. st t h I ' .
A the pr oces < B SO BRpts PR FID % ek 810 o M el e

batch cycl es whegioa. t he pressure chanber 410 is pressurized and
depressurized many tines, in succession as the 10 substrates (e.g., wafers
t

are noved t hrough tiRedgitpnge adepise senewl agwase fiorethe prespsre chyabmsi4dl, sone
COZ will I : I . . to
Femove and s ep SuaC haP PLRRABNE Y BRy bP R Rl AR, SRR HL B BREPER 1,
wast e stream tThto gsediapmesaird pusastidnthegyasemchanbat40t iTals mapbat s of the

C02 will be contam nat or. ot herwi se rendered unsuitable or potentially
unsui t abl e fOraci%WE‘%Fﬁg’V r?‘élgg%ﬂ’rﬁﬁsiuﬁ’l‘n FEEHS HeSept b sing s 2oy t hese

reasons, it isrpﬁi@e,%g%mrbmngbﬁybﬂﬁo&%ﬁt{%ﬁa19§st@fri§;é,bgﬁ d/§Hndr Qaf£P! eni sh

the COZ lost fromthe process. Additionally, I esirable to recycle
COz as wel | astogheviiear gpangratly bajween the tdnk Blppsithe peesele changies diipr e. 20

St ock C02 ppLy. . WEh ref nce.to Fi.gure 7, the supply/recovery system 300
i ncl udes al%uCOzCIésIﬁl%% esﬂﬁ%’ﬁﬁé 31 Ihe?ﬁ@j@ﬁﬁigmpl%l%eﬁﬁvg‘%é{n IIIﬁrpr‘aegﬁ‘ﬁyﬁpl e, Cz
supplied in onghadibePI(Eby bind By VAINEWES The IRRWFH 1t 8idh-dnbhesy, |1 quid, or
bul k supply systens of sub-anbient |iquid. The storage nethod preferably

al l ows for supPEspursrtagh. fpresxapple, penhiag tey tagladdo Tdiceauenth enay spkyeagiasi s
fluidly connectgd.ijo the process chanber 410 via a line L17, which is
provided with a valve V11 to control the flowinto the pressure chanber
410. Preferably, the system 300 is adapted such that the COZ fromthe
supply can,be delivered directly, (i.e., without aid of any fluid transfers
devi ces, pressiEiLY, -'!-‘-’.’e‘~" 1RYNEMe) into the pressure chanber 410
at a desired press ‘ : i9)-3:.The supply
312 may be froma ;I;Ige (I)hr%I@It?Iﬁ%gI) %éc&?%%&%ﬁﬁ§$9£é%9ﬁ§b$5%6%ﬁe @g%&d egom’ﬂ)nl y
di stributed fcelecredubty dradmeunt of chremecal iadjuncis éon( thegupplfes &d, $2,830®sirelg such

as carbonation bever.ages d freeze-drying,, pHcqontrol, or dry ice) is
not suffici ent?r%‘érfiresélﬁpﬁ. (T ?Q%%S&QI .Wég%f’reﬁﬁuﬁ‘g‘c‘)hagrl‘t@éQI'IJnIeI?r%QYB’é?II%t es.
Commonly, suchsyClels B200RhLY BS opiadis st A ORI ShEHe RS @hSidtufes AR er i al s,
ot her gases, water and particulate matter. Accordingly, the system 300 may

i ncl ude a Fur i #o% stesorf chamistiys dsshewishyidie. Juppiopdaite vathdhe prssgtessur e

chanber 410. T, i fl i nj L | S.operative to iky the supply
to the requi silII genIIIIIII t (gérﬁ?IgII%?:rI %SI?]IL'I) ne%ugﬁg)ﬁl mﬁiJ rIIetey?pII)yneI%IIIII tshg ﬁ%ﬁﬂg&%t he
purification usidesddbedhatelitldwelt &fifl @€ kpptecibiee f@in fHRds@pidR hefeid Mmaust ri al

grade CQOz, there,bﬁ all ow ng _the use of 10 existing supply chains and
di stribution CHECHE256F! ey featties ofidhs diselasad mupdiments man\pe ORilest one or

more of the folJ (OB B Sibstituted for other aspects and features of the embodiments.

30 With reference to Figure 2, a chemistry supply/conditioning system 120A
is schematically illustrated along with certain relevant portions of the apparatus 10.
A fluid transfer device P3 selectively draws or permits gravity flow of chemistry

+ fluid ("first flow") from the supply S1 to a reservoir R1 at substantially ambient
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for filtering gas or liquid CO2: 1. Distillation: The cozZdaglde28fawn from
a.gaseous supply or a gaseous portion of the supply. Liquid COZ nay be
drawn, boiled, relocated 15 to a collection volune and re-condensed; 2.
Filtration; 3. Menbrane separation (preferably paired with distillation);

and 4. Absorption/ adsoi%' on (e,.g., .capture based on attractjve forces or
mol ecul e si ze)PrPFeE? measigng deded 122mesurcs tegeolpme ee s Hudhin thepr e

particularly, fegerlidifaRd SSRIBY SRR ' ' | 4l So
into the vapor-saver unit 330 di scugggé‘%%}e}?lg%év#ygéé‘?ggggw,ta?ﬁ%%bﬁ I tional
Cz is first pehambeedllsTheghad pandfén deatded? may blse sorvesypdetatinieg the volnme
purification un .,.25 WAst e .stream handl i ng As.not above |n the

di scussi on reg‘grtb? ﬁlaldtlﬂ epl}eﬁ)%%lg_,iug’ty r@%‘?’il%@e 0 @I%gﬁg@‘h&vﬁ:@ﬂ%y Ccal |y,
at the endsof @refcal UBlinctih SRASSIEr fnb kitbrdiR¥%r B GIHRY fficd S ihe pressure
chanber 410 via the line L10. Such fluids may include |iqulid, gaseous, or

supercritical txmghetrendisionipng vaiid(as discussabbriow), Wanfider(R, gnd thpdine Ldl es 30
di sl odged f-ro%ﬁoq%\?\g@%s%‘g%ﬂ?}m}%ﬁ}'gigfsyst em 300 includes a | ow pressure tank
e S

T2 to receive e Strea wn renoved fromthe pressure chanber 410.

The tank T2 is pref&habhyvel 280, 29, OFer 1 e, s & o9 digdid @cprgssur e of
bet ween about anbi ent and 3000 psi. e volune of the tank T2 is preferably
at least 5 ti nosnRrewsed By Grorigaeeogs E6sLifremchatak T lanay boildliveredrie the

conposi ti 2 i ' age the.tank T2 is a
segnent edqp:mL%%irpﬁﬂﬁiﬁﬁoggggt}l@gm%@%@%@&%r&i\}é@?ﬁgﬁaﬁ T%Sfﬁril%%’l ess than
that of a pressixteeléde adpsict #ahTOf isahetely ddliesedao fivambsate chgmbet 410t he

pressure chanber 410 so.that t essyre differential forces the waste
streaminto thtgmtuﬁ ﬁhW?EiﬁP? ﬁﬁe@?%% the gdnber 410. Preferably, the

hi gh-pressure tank {ithFuANdIeRrdnBetPEBRFLE Shd §RELT i’zdzi‘?stadagteﬁ"tlﬁ@e&%r pt her
mechani cal device is required. The reduction I'n pressure of the as it
i s transferredctomhilome! prasisty-eort@iniiggmbenss A4 tb the fresstieendhaifiBerdi, e used

to facilitate separation upercr.itigal ocess.fl.uid may he expanded

through a pres&ti %Jﬁ%\@&c{lﬁlcgﬁfﬁwp%tg ’l(:r%r.n gfosz?%iyoﬁfwglcax}ﬁp?/té’%%%ﬁew ) to a

| ower preSSUFetheé@dpyﬂﬂﬂSE Tayeystdd EBBA pRvideQ AIRREPIE féftht BRoRE A6RSBANG 1 uid
a

(e.g., chemcal J[uncts or entrained contam nants) may be rendered
i nsol ubl'e, theleR#pteriem that 4eqdfgr thediretriiavei B sesephilowipeth ingluddselenpanded 15

streaminto a pj | ép% vy-fl Ui In ub

alternate st reﬂz’a‘lmqu-Ig#ft)Hggcr | |r%g§&@%%8%gg ES‘F ?émea Sr@yﬂ&r i%iﬁgé @panded

t hrough a pressur e Ihehtsimonater bhéistwseddtase, the gtodd Gas miek: # t he phase
diagram This y .enabl e the _egrrenc‘;ﬂ?ti on of different process fluids in

di ff erent FegndRESEFHANYHELILE. ¢a 18P0 it israpsteresie rasprveirdnkia P4gneh
segnent ati on : I -4 1 - i of
m xed waste -s':@ g%%go%tﬁ may Eeé %ﬁlfgﬂ’ctggﬁ ?(51”%‘% argilgtrtl%gle%elﬁ%ﬁﬂgﬁ ﬁ%ﬁsg&e
conponent f | uidagbeedts . AlBagatertya Oarfrom yheatigoTE madyl te ihihedustd irita dtei on of

distillation for separation, of. t rocessing _flujd opents (e.g.,
separation of rqulg%zr%’@?g?gflm? gﬁP@We‘?ﬂeﬁaé’Png’éjal}’ Fs‘? Cgﬁgartéb%ed
contani nants fQhuddt/6Rsalidliverid téillel fitdstreRihar®es4fo adr slebRaM nay be
expanded and heated to the gas-state. This would allow a continuous

distillati¥n-1ike shgure? fisimenillusbrtpoihenssof the ciacylattwaiporbé fortwh f | ash
evapor ation), S rihed b wWwmth re the distillation
system 340. 3 g 5&8%’?{%&% %{g%ﬁ%n(%%ﬂ%%@%ﬁ%mﬁrﬁgg c‘éﬁ”\llgeiéiioﬁat he
tank T2 is thegresbieatiffereatisll dhe eetuined Auldeye bé REMREAHWVERERY seebial 1O f&10
through a line L29 %\cpi ch is provided with a valve V12). The waste stream

may be transf SPREINBYE BRREFE SrIUENFIHST Grotshewi ey bppiovidsd ipte lingd.60CT 2004
pr fe]t er Zﬁ{ y tr ansf eryigfl Hetdde & FRArB RS Ay TBRRF RN HEERSH0R
30 according to further embodiments of the present invention is shown therein. The

system 120B is particularly well-suited for delivering gaseous chemistries. The
system 120B corresponds to the system 120A except that the reservoirs R1, R2 are

omitted and high pressure CO, is made directly available to the conditioning units
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and/or gravity. To the extent the waste stream has been separﬁﬁbﬂﬁﬁnzmhe
‘tank T2, there may be two of nore separate |lines delivering the respective
separated streans for separate handling by the unit 310. - These streans nay
be treated and directed by the system 300 in the follow ng manners: CQOZ may
be di sposed of thrfugh controlled venting or draining via a line L27 to a

saf e at mospher $d> 97 ¥EHKs &-34n dBSBrand grives Vil drand ¥ 1 BinB g bperedonuelthe fluidcor may
be di tl i 0. & ld{ne 2. The CQOz
I I

is preferably purifie uni S
delivered to ttheoyghebscomelittiningerit @1 Qort¢R)ciug bhd fileerlHiIner E2PartEtoliRe at

greater than atnospheri ressure, in which case it may be used to perform
or augnent thepfﬁﬁsgg%ﬁw@gfﬂﬁi ‘g#erflﬁ Ve%ihifgﬁ’pﬁr‘éﬁé@s@g@néﬁhﬁﬁﬂedé? apthe

begi nning of eachdGyie] @e chéanBiry SP2r RBY, [ LB e lreation unit
DI through the |ine L236§nd ttﬁ%r eafrtern?ﬁtrgép{e@eg’ﬁgé@%%%gﬁg%léQAE; 4.
Gaseous COZ nefpisresdithevalede ofithswhbmmtrydelifdéredito the presittre EymbichAdlIglay a

| i quefying unit 314 ich adjusts, the. pressure and chills. the gas),
and suppl i ed t%e TR sug%gkmwﬁ%%g]ow %’ff‘gefﬂ?sﬁmlFWﬁﬁ%‘fg%ﬁg%ﬂPWtf ®50 manner
descri bed abovéivide P02 PARYr Bemeansiag tHeohed cRinBl i fk SabiiPPedRis kB¢ and re
pressuri zed and supplied to the high-pressure tank Tl through a [ine L25

usi ng a pressudd-ziflersvatee) plechegisiries andfnyYC (RS tie: cob@Zioming uits @ilraadt ed vi a
[ L2 h i fi i it DS.ta. t.ank 320
e g s G DL %, G T2

di scussed bel ow, a mca Junct's at ed
and/ or di spos edireafn/ befripyddliedreti e chigkbea4id.ne L28 and i n accordance w th good

chemi cal stevvardshi,g,. 30, Vauor recovery Follow ng draining of the process
fluid fromthe presStdcEriss i Figure 4.4 hemdgnr supnly/ conditipapersysemi120€mai n i n

the pressure Cmﬁ{g[ % ¥0rthdrlenipd dtieshd %@B%ﬁ%ﬁ élﬁgzﬂtéoréi% 50 %h%?%ﬂ.ggfele n

necessary to renove this vapor prior to o FESSUre chanbeY 410 to
remove the subgystent BYC fneluges a fimiderapsiey devireeP Sropdraisle tosclstepelgsisawi zi ng t he

chanber isto vent th hanber in controlled release. Alternatively, a
conpr ess orSl Sor %ﬁﬁﬁu 6’ ’%cgn ﬁ%@o"#@e H%Q&Fsdgﬂﬁ“q *?eaSpW%lé ayive sppply pEhighessur e
chanber 410. ThessRferSOURBmthe AR ﬁ%alrm% 1235 8n ?al{f@ﬁ"i%szHéHé\ﬂceaPS’apor

met ho

recovery system 322 and nethod as foll ows. Suc t and appar at us nay
- enpl oy feat ur f§rgpthessipsted sheristrighregtho denditchimppeit €8 usd dhs of bk df e U. S.

Pat ent Appl i cagi 404. 957, filed . Sept epher 1999 and in
U.S. Patent 1 %S%F?%?Fo d gﬁ;ﬁm F%Efg‘?pgé"’él,ofé’i,"alg’re? aé‘é%ﬁ@?rﬁ% abie 5000, A
vapor recover yfluid tkultmapl e BsettddZet t6O Pledivd@thaddier 43S0 USRS pt@skapi dly capture
Cz (typically, gas _or SCEF) at the end of acgrocess cycle through a lIine

L18. The cHpt Ureiirnely. ¢Q: fomithatany T masborddsd petherselerted chemisir bybut may be
aliquid (in i q LNG:d S - A v from t bottom of the
chanber 410 t \(I)m{fg&hgv °f@ﬁ%@%@‘?‘@%’f@%‘é@ﬁ% etl?u?% m?f%%‘ﬁé{ Fﬂf‘)’et he
pressur e chanb€lB4londeytolpeedepmessgiof the thooarpatibleRhethistricd®ast agepusl y, the
capturing nethod.is not cqnstrained by the volunetric throughput of a
mE(F:)hani cgl de&?@éerfl]él?’gl?‘fregcébﬁpﬁf% t%‘.lk Filds V’é‘lodﬁ@ddhmp%thﬁgﬁgﬁ?r&ﬁbvery
tank 322 is praafsradhvidenniBedidess ot B0 &t AndAr il B bR f Hle Wil the

pressure chanber 410.
2 chamber 410 shared by the two chemistry flows.

Recirculation System

The recirculation system 200 includes an outlet line L7 fluidly connected to
a lower portion of the pressure chamber 410. Lines L8 and L9 are in turn fluidly
30  connected to the line L7 and also to the feed lines L1 and L2, respectively,
upstream of the filters F1 and F2. A fluid transfer device P2 is operable to draw
fluid from the pressure chamber 410 and force the fluid through the lines L8 and
L9 and ultimately back into the pressure chamber 410. The recirculated fluid flow
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20 The captured COz may be handl ed in any desired manner, 2in8Cdd28: a) it
may be .di.sposed of through a line L21 having a valve V10, and preferably
through a surge tank 324; b) using the line L21 and surge tank 324, it may
be recovered and recycled for use in another application (e.g., a COz-based

fire 25 suppressi on system ar, a storage container for recycle for use in
some ot her sermagg)f;w@l e&“ﬂﬂ&/oth%r f&é‘igﬁ"é{ﬂ%@f‘dmfs Idapdiledeigorfram éei n t he

sane appl i cati gptdns PP EATSEEoRMY Bifes |ﬂ3%iﬂdp?dﬁalx%ﬁqf4%§q9§¥r@r}ﬁ&ﬁdéd%%escﬂ
and re-supplied to thechgroces& ng systemor to the -supply systeni 30 d)

it may be usedlings EhendbRt processing step to pressurize the pressure
chanber 410 (which be rerequisite for pressurizi t he pressure
charmber 410 up to su et ﬁ‘?g?ﬂ gé%ﬁ?@‘i@%?%&q RFayyje é‘éfggw ed
processi ng 3| uidshanicaBictiondo o WwifePaRacd U&h&@tﬁ@?uiﬁﬁg Qd’cﬁfié/nﬁ}’e?*(ﬁ@ S

i nclude a conpressor P7 for assisting the transfer of materia romthe

pressure chambEf241d/or ghemisiry, apsbintrpdecsion of new fihsind/oF ohengisapMarecaer, t he end
of a processin : ] : re. chanber 410 e at hiLgh pressure
Coon. s ot vams il Sy LR 20 b SORERS ortiro i RS B 2 B BRED & S000)

and the vapor sepamiecympaohkistipuftedakitpnloawlalb@SEe pdcedsTd B@ind Be
depressuri ze t&g@_ﬁressure chanber 410 to a low (e.g., anbient) pressure

very quickly ( NE PIPCEtSt ow openi ng of the chanber and renoval of the

substrate)jphile Saxh%ﬂeh@ﬁvé@ﬂéﬂlﬁt}’on%?t%%?&gza c{)%i?n tt\éﬁh?igrl%gg) A5 exf[lrt? be

equal i zed, and then: a) a conpressor use t he
mai N 10 pr ocesishgwo aRigare 60 The eysiay 0004 avdides anboitl@naie 1)1 4a Re@ 6o Nidey/ apor

aui | bt at o ankeSa LB Ao fishents oS ERELEreanprot rngreiesred dianber
410. A conpresgfhy Alhbet BN, p@,pé@ﬁglyg&thgggg%%%qﬁb_ak J? : g vapor 15

i
recovery tanks) between the end of "a fir he end o e next run

at which time @éicoRpisroperblptedyree Ankisromulye fressuemehiambelr 410 theouah al fter
pressure again ptur.ed COz e |l ed in any of th nner s
descri bed a ovg?’ll?fb%ﬁ lpobtge 3%5‘?’”@%%2’3r ?ﬁgg‘:‘?}%’itgﬁgoz?éﬂ {1?3@1%% F IPEW

control appar amembenl WANWAV@VT and ViBhrd prh¥idbd #f GALRERYRBHRIBIIAXEA,# N the
system 300. The vapar-saver 20 system 320 and the several Options for

handl i ng the Copdte 8in PRy Mersbe osrecdaiation nozrie atigo areventispendhditacand any
may be elim naggd 300 as desired. Each of the purification
units D2, D3, D4, éﬁ%@a&%&’%iéﬁnd to the purification unit D1 (i. e. ,
may use any of the Adutibetsiltbinatiedreaibalstion stbtein 1008 dcedrdird totth@preQmt

menbr ane aration, .ag}%) absq,éigti on/ adsorption).. As an alternative to 25
the severaf’ puVFRHORF 8P Wit Jaspge 6. pie syatenHI0R iggludes arppulebling hak e
purification ufilBE dBRYeRR NqT-TeR h | at hs each
have a conmon extg"nt t%roggh ﬁe share %{;}ﬂ@f‘ac%@fzgﬁc%l gé_rh%g‘%@n%ereafter
di ver ge. Presstl¢meniPdfbthroughaetmisfer Sostatt 242.r Thetremte systeli Mo rcesvadisans 9,

t he pressure chanpber .asse 400 i ncl yde upper casing 420 and a | ower
casi ng 430. _V\h‘g%ﬂ? ﬁtreg%x cﬁ%@gﬁrgﬁuﬁ g}?mi’ r §Hﬁ&ﬂmi IFI“' rgog g ,(e-ghélql%‘élsi ngs
420, 430 defi nenspreysed fyiiig, shaphefitidhl Guld)es £Nghve eheandAtReAhkAY System
450 as described in nore detail below seals the -32
25  system 242 is also adapted to prevent backflow of fluids from the still 243 to the
pressure chamber 410. For this purpose, the transfer system 242 may include one
or more shut-off valves and/or one-way/check valves.
If the waste stream from the pressure chamber 410 is a liquid, the transfer
system 242 may not change the fluid or may merely change the temperature of the
30 fluid (e.g., using a heater or chiller). If the waste stream from the pressure
chamber 410 is a compressed liquid, the transfer system may provide a pressure et

down (e.g., by means of a torturous path, an orifice, or control valve). The transfer

system 242 may also include a temperature-altering element. If the waste stream
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29 OCT 2004 chanber 410. Wen in a closed position as shon0EHh gilgure 8, a
pair of. opposed cl anps 440 surround end portions of the casings 420, 430 to
limt separation of the casings 420, 430. The cl anps 440 can be displ aced
to allow the casings 420, 430 to be separated into an open position as

shown in Figur uard heater assepbly 460 i s disposed in
t he chamber 41%%%%&@%’%%3@@#@5@5'& aﬁﬁ?cgﬂlﬁ%lﬁ%‘i Lﬁ%ﬁ%ﬁﬂ%ﬁ@%@\er guar d
heat er 472. Theregsiae ietlieaners dasesodhove @9 v s A8sm r%@ﬁ%nﬁ%{%%ﬂﬁé
between the heaters 462, 472. A 10. platen or chuck 510 is disposed in the
hol di ng vol ume “#f11 FEY\RSECEHEY gt desirahlsde epel s fyidad 2roan thto theReptpsed t o
support the wafgh; : i vertical axis between the guard
heaters 462, 47%m%6f§%¥e§/&{n§ﬁr%‘gphé%gg}é%§a%ﬁount ed in a groove 464F the upper

guard heate¥ 462 an@naeapthedigid sdit¢, elet 1l i voiteldrapsyied nodels8E 2498 ont o t he
wor ki ng surface_ SA of hfe wafer. 15 The casi ngs 420, 430 are preferably
each unitari | ySP5rafetrediud e Ry sumrangals: phgkierrompogentaphishvdll®e. Passages

422A, 422B, 422feddf@nanfy TRY b r&gggmeé\ga %ﬁﬁg@g‘}tﬁ&h %%%9%% o @32,10{,1){ 432B,

432C are forned through the 'easing 4 seen in he
casi ng 420 hasadinneishemistryfard nyfeaid@iicontaniinans. olhelhcavin Dothnchesas de 425

formed therein_ and defined in .part b .vertical wall_425A. The casing 20
"430 has an anni néfr'ey?cf(fﬁr‘ﬁg’g?y4§ﬂv‘€ﬁtt‘?1aé‘%‘%ﬁlﬁ‘?ﬁ?@éﬁ’os@#ﬁéﬂ?@%@5 forned therein.
The flangel@34 has FThye0,iaaflightth) stdadiAs d%%%%%?ex%ﬁ%ﬁpgaé‘%g ah%\éfence

opposi ng annul ar_abut ment faces 426 and 436, respective thre
to Figures 10- 131 wheee the f&) 2guisireamhie sowveriéd Zthiqugh uatespuatidnniféempmatommber

464 having a t 4 an_a | ar _si de 1. 464B. A 25 spiral flow
channel 466A |%ij%i?érr§e%é?% eﬁcgg?@ﬁ%%l eﬁ@ﬁiﬁsmﬁrﬂ‘\%ﬁ{’é"r’ iﬂué%éo%rfsi% ers the
top vall 464A. liduidansugeasritioar figandif 0g MEabeFHieSnSiioh MR IGuidgesi de wal |
464B and defines,an annul.ar, suryroundi ng channel 466B therew th. A channel
466C fluidly cOHiaRgs Ufar?(én%lﬁ%é‘?% traedE eHE4cemected tb theheatisg Devier sohe t op

pl ate 467 {4 ui t el .466B, . and an
outlet 466E 30%‘?‘5&?%?%‘3%%&2ﬁ%?f%g?ﬁ%&%%é?éﬁd t%fgﬁ%aﬁgfﬁgﬁ%eh%ﬁh@f"y B86A. The
outer plate 46Fdnehailiicloantd thaBghdileatiec adsethtion, iferptidhent@braggnber 464 by
wel ds 8, for exanpl.e. 'L&e. ipra% men&‘)ier 190, ext ends through an openi ng 467A
in the outer p??g%nﬁ%ﬂp NG SPHRERH e eRirgugal fRreaiprglsitodatia sepamaiien.or
screws) in a grRONSIHE OD,IRE heph olv'ded_%g?k—to adaﬁio%&{%%‘ss?ﬁe‘m- The

nozzl es 192 of the spray nenber 190 are %|UI y connec 0 the passage

422C. The i nt eibsatpeniscprodsa a seltvequsnt erbsphiat e ddfibnanchettigrisumapbadi ng wal |

468 are prgferah f f ai pl ess steel. The . d heater 462 may be
A bRt d B SBEoRlaThU IS oR b g ey AR

secured to the casing 4 sSCr fs holding the screws

~off of the walls. Whddisglliagenweulbfort@the300Bma)de Ided &)gfoxli&éﬂﬁr guard
heater 472 includes an interior nmenber 478 and ah outer plate 474 secured

thereto by wel dfatguoysHr igEpire floxnolibe nrasgssafad éxpegithe tphasswrg hharhigerout er

pl ate 474, an i L0t the interior nmenber 478. A
spiral flow cﬂ%ﬂeﬁgﬁ%ﬁm& 1?% %%?Flﬁﬂ?ﬁ%egaﬁﬁ?% BPCHE S dPOPREEA i nl et
passage 476B ipertitidateuidweay fibmitthe wakr §apdtoy/prevanesdepodihen m@%@&ﬁm{’cﬁ% to

t he chann? 476Ai;‘ and ar}1 o.utll et.qﬁﬁzassage 476C fluidly connects the passage
432B to tHe fIBRVdfainethamsalaction el Alen)ios thereptss sudae. dihe maseflowtesy pl at e
474 are pref ergfiYeréPb®Ee@fiseSdoRiR | e al. The
guard heater 472 may be selgﬁsr ed ?fglotﬁﬁg E%??#S%f%&gg%igﬂ%@%bm% snal |

st andof f s hol diddgionnd heatrinwee il 243fsottha nevplubps oPoiiEe pabhtjallytjasicutsag-d

heaters 462, 47 h _have.a,surface area (i _e,, the "interigr"”; inwardly

faci ng surface%e%eli%ﬁﬁ%g}eﬁ 1?%?‘?‘8063@%{6%@%tM@EEﬂ%WWSéWYSt%F é4prsiitler abl y,

the guard heatZ3gheth2xcifnZere asMmaAwe uged k@G ge f]fhﬁf‘ea%%&)co\ﬁ?hﬁkgﬁ% o1 0 of
referably of abo

bet ween abgut 0.2 and 5.0 cniZ/cn8, and nost ut 0.6
cne/ cnB. As di scirs8ed thegsvieculation sygame 208,200 A0 200 mapdt empoyet tonnment

(i. e., thec lLui.ds) therein) js ef erahly, controll ed
during and be%ﬁé%&gfg?‘g%ﬁ%%ﬁgh&% r4q§r"8 Eloﬁ g%%r.oceﬁﬁgu{ rature in
the chanber 41ffbrh shecprotassldopdextsbife g @basHah gRtreitic RS SRRy AB0. More
particularly, a ;I wwori1 t?ﬁgﬁﬁra ure control fluid is introduced through the

passage 422A, R pers Hitged ondisilded o of dwmroeass Huighstenm. Memeretr, 4668,
t hrough t he passage 466C, through the passage 466A, through the outl et
openi ng 466E and out through the passage .422B. In this manner, heat from
the tenperature control fluid is transferred to the guard heater 462 to
heat the guard heater 462 (when the fluid is hotter than the guard heater
462) or, alternatively, heat fromthe guard heater 462 is absorbed and 30
removed by the fluid to cool the guard heater 462 (when the fluid is cooler
than the guard heater 462). The | ower guard heater 472 may be heated or

- o o o T o o o g, o " -




26 OCT 2004 through the inlet opening 476B, through the? §haphiel i 476A;

t hrough the outl et opening 476C, and through the passage 432B. The
tenperature control fluids may be any suitable fluid, preferably a Iiquid.
Suitable fluids include water, ethelyne glycol, propelyne glycol, mxtures
5 of water with either ethelyne or propelyne glycol, Dowtherm A (di phenyl
oxi de and di ph&#Hof thessai Fidatipnsystems aﬂ£mﬂém@n erahloyed arenidoingss

Mobi | t herm (ar ti i Qer i . ] ER (:chl.ori nat ed..bi nyl ).
Most pref erabl ewt%ug%ﬂn%e@g? gér"rje&lgo‘;r}l;t r %PL}%?%LE&S& é}}egngglgﬁla}f%%lh’?iﬁﬁr e of
wat er and et hepypaessdgluydol . The fluid may be heated by any suitabl e nmeans
such as an electric, %as-fi r.eg, or 10_steam heater. The fluid n%y be cool ed
by any suitabl e nmeafts USRIERI I Figugesyl-Sihe filtprs Bl F2 a5 Avplas thedfltey didawe

conpr essi ors I effckgssahied 1 ' ! r
assenbly 460 aélg_t he?caiiii%%gseﬁ%%?e %%%Bglﬁgth\gg%stééﬁ'gﬁlaegpi etthgy%gg iogz@%%

i nsul ating gap(as Ponateeresdye) nS@mictvas. Suibdlediliérahlay istvdd shpesd fitersybag-d
heaters 462, 472, re parti arly, an jnsulating gap 470A is defined

bet ween t he 15%8#@4%511)@3%%&%%&%ﬁPéFtﬁ%taé’&jqﬁEeésman‘%/g? FoaRpinntags der¢otpor ti ons

f th i e bR ' i ' OB i
of the casing Pe2@rabld, Rty iabinadiasntbdheitd eferyAid Q@Mﬁ%‘??}gg@o té‘éeB I'S

defined between the surrounding wall 468 and t hé "adj acent
casi ng 420 andrisEsrechambend ) hase filips ab s fing edpment Beford the gedsiure dhdebaseen t he

outer platg 47 ] nt__sur oundi n .l portion.of .the casing 430
and has a % dtﬁ%ﬂ&%ﬁ%@%&bﬁg‘?ﬂ%ﬁ@ﬁd gﬁ%&’“ﬁ%@\&gﬂ&ﬁér clvgring fudtpdhey: [ east
0.1 mm More pprefsaradiaynbepdbiare dispbedwipdicdien 6¢ atBeanshGilke. bet ween about 0.1

and 10 mm and nost itl)referabl_y about 1.0 nm The insulating gap 470 may
serve to substanti al1§condgopinganits £ 1o (2; €3anmyincludnmesns fabhixing thend

manuf act uri ng : t e | l-atin ap 470 may
substantially %Hﬁgﬁé{ng%g{tt?géﬂ%t&gﬁﬁeﬁ&%?%e %@%@%@H%ﬁwﬁﬁp&;% ¥he” 25
casi ngs 420, 430mote hdmaegenbity afdf sebtatiof of hut@NPEEddndRBnOfg Uk nedsisags 420,

430 on theltsat nosphere su rouqdi]grtl; he wafer 5 js reduced Qr mnim zed.
Restated, the THYHF HRBHOHSRPP %*@%ﬂmqféhwdm%ma@w% mal mass

that “nust be h@at8w AlkikOReds By pﬂo@@sséﬁﬁﬂ%ﬂ@ﬁféiﬁm@&?hﬁ rs ct’%(g@ Eﬁig he

in
thermal masses of the guard heaters 462, 4/2. Accordingly, enpérature
of the processlemnparefurreseniel manbe athiewd 38ing pedbes haterndl coits, slehshanirdadr v

different than_t f. casin 420,. 430. Wiile a_ flyid flow

heat i ng/ cool i %Jﬁrﬁﬁd&é‘;ﬁﬂe@ﬁtﬁﬁ egain%?eus%} e g e Iddieatirohanest Ma¥ neans
for heating/ casduseg, fohexaauias.d heaters 462, 472 may be enployed in addition
to or in place of fluid heating. For exanple, electrical -35 29 OCT 2004
resi stanceélcoi | s (elRy luid @spgredevicss PAdPARS dre atefeiablycrbable of dcvarawdy er) nay

be provided i - oW th reference to.Figure 18, a
pressure chamrhélEng’g%e ‘?{/gg‘%%‘ié g(t:-l?:5 g\f % ﬁrjl%gt S AR S PHATES eV dnelids ﬁtﬂxﬁglaf t he
present i nventpumpsi syriigewamipher @iston girepsasgeriiyle400A differs fromthe
assenbly 400 only in. that the guard heater assenbly 460A thereof includes

i nsul ating |ayers 4%eRamicy angemghts e hosailluntiateg agd desrribed Ipreingitar d
heat ers 462, 442 t; [ ' .4 jch are
in turn secured t%@%ﬁﬁg‘% ggfs%ﬁﬁ‘sgf%ﬁkgﬂ @%%ﬁ%@éﬁ ve yﬁfc?iﬁ%gsﬁﬁ?ﬁg%?l%ég

| ayers 472> 478 kaeginpwithdhenpdsent inveytsiral Hor eearfiplepmahebystat $2010 (Bigake as

PCTFE (pol ychlgretrifl.uorogt ene)., PTEE | yt et rafl uor oet hyl ene), or
PVE? (polyvi gl e sEe Ui PR R Keerid it A gt Feirek Rt g dis 471,
473 are for mediwf flog the BREES iy iikdidd B TREQ LY ¥8814d dnb@&o%gﬁlayﬂée .
insulating layers 471, 473 ma honey- conbed, open cellul ar, “or otherw se

. / be (
construct ed orPreHAEd allow ﬁf—‘cg%aﬁ@é fedddirie{é el Bd ion§2pnfeacinfloe pathher eof . 15

Preferably, thg - Tpso] M1 0 60A ar apted.to ovi de
t enperatures i nat?ﬁtgé%flg%%ﬂgiéﬁ]bﬁgor& %fﬁawgﬁﬁa“ﬁ%ﬁig{)%w%%ﬁ% C.
Pref er abl B0 t hiregied ol eieive botho erddpiBsmdbiter WAGAIWEn LSRN dad RsREQVI de
heat to the atposphere i B the pressure chanber 410 at a maxi rumrate of at
| east 500 j oul ADREGRY _1 may include one or more chemistry supply paths that include an

in-line reservoir (i.e., as in the system 120A) and/or one or more paraliel chemistry

supply paths that are direct injection (i.e., as in the system 120B) and/or one or
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20 Pressure chanber sealing system The casings 420, 430 %\A?i QrCle%qulItne t he
pressure chanber 410 also define a fluid |leak path 3 (Figure 15) at the

interface fromthe pressure chanber 410 to an exterior region 7 (e.g., the
anbi ent atnosphere (directly or indirectly)). The 25 sealing system450 is

adapted to restrict gliegliﬁél or parti al gy the flow of fluid along the fluid
| eak path 3. ARCHRA™' & EATIIEFREPAES thehiereaalieragve sunpkiss 480 af Hrthades an

O ring 452, ang C i : 4b4. :j:ﬂg 456 and
an annul ar ret aﬁ%%@?ﬁﬁ%@nﬁﬁ%@%gzr‘eglggf%re%ﬁ\lﬁ,eg? ﬁ%%rsrg{; Or?gp { on-of the
seal s 452, 454udt angrvabang may hppovalethe neddeéd ot proehlesddimiodaldleaxitiityi ty of the
pressure chanber seal. The retaining ring 458 is fixed to the flange 424
and extends radially outwardly toward the flange 434 and bel ow the recess

425. The ref ai Gid&ﬁiﬂﬁ']m@ raBdss be fornmed of stainless steel or other
suitable materi al. e retaining ring 458 -36 29 OCT 2004 may be secured
to the flange 424 byhaspagiis Hbhnay hensed to txicutseawiskeeangeinf paatesses ast ener s.
The cup seal 4 j i igures 16 and 17.. " seal » .as _used herein
means any sel féjfe%%ﬂgglgtﬁgg%&s{ggf]@% SSH%GSC%glng%%la?\/‘é s%%t?%ﬁ %H@S‘ir?nlsonfi gur ed
such that, whepodihandamosptergspintiudthgtheini] sGahcti, TP @aSHikh#&0hé8e0in DY a
pressuri zed chanper on the concave side of the seal), the seal is thereby

internal |y pre%Us s8iFsang  Haudesps: yoeseaitical snidy Snak grocesseemas sgve taagai nst
adj acent sy f f : I ! ure_chanber), to
t her eby folkUm gag%a O@r@%ﬁ%ﬁ%ﬁ ’eﬁ%ﬁ @%@%ﬁgéﬁﬁgégg‘h%‘fﬁmﬁﬁ’&ewalI 454B

j oi ned al ong apparatud Hrmipbduki4CcdmivanmiBodnumpdisnoed iethevilldwihg4A and
defining an annul arnlchanngl%é 4D tger in, The cup seal 454 is preferably
unitarily fornEdFBPME FVERi-bP e 8L APPEFATIORRRG figtlosuseseafeavhiph gre herdycup seal
454 1s formed BeoRoffddidrdth bl hiftrehde MafLiSLARPy&0 Swelling and damage when
exposed to dense . Suitable materials 1ncl ucfe fluorinated pol yners and
el ast oners, such asl-PTFEU(ST@teanApplidatomByrial iNd. D@5 1,35PTRENtdRT Fmesdhol ymer s

and anal ogs, such as FEPR~({luori nat t hyl ene/ pronyl.ene caopol. rs),
Tefl on AF?I%CT FE, ot her hP%g?@n%?%?sgéjﬁﬁ% Te ,IC@&EE' é%lep?ﬂ %‘P@F ene),
UHMAPE (ul tra- hi gh nol ecBlaaiardygilghSeRahidratyd@nadd idPie NG racrylic
pol ymers, am de polyners, and various el astoners, such as neoprene, Buna- N,

and Epi chl'or ohydr i n- base/earaes el ctrapiciSapraresoarh Gatlionl Bhasecan be 20

obtained from PSI Pressu Sout h, Sout h

W ndsor, CT 06074. The cjlfgdég%’?%%ngyﬁé%ewgﬁ@ﬁg}’he fl ange 424 by
affixing at |east dhe, au®.pPuehesphicitiossrialofo. VST DaBMnvEdrs 4848 and t he
fold 4540210 t he adj acen]5 ortig%ns %‘* the flange 424 and/or_ the retaining
ring 458. fhe inner wal |P950EE Snesdy Melying Stephen Me Gross, anelossnide 424

usi ng adhesive, for exanmgl€moRE&t] .Sgak: ' ai ned by
the retaining ring 458 vvithf)nl?t t hg‘ﬁ ggéetg%l}:’ét};%hggm\iéﬁgbﬂéﬁgfe?@éj&me spring
t4ﬁ6 ma%/ be aln?/ Zglzlfé\ abl e Gigamingwarmbbmmb Srrlezpmaésadzw_m@ambux égﬂafmlfyiojgfgasi ng
e outer wa away.fromthe inner i.e., radially

outwardly). Preferably, %yﬁ%mgﬁéﬂﬂ@eﬁ%%&ﬁ\iﬁbég?ﬁ%ﬁ’@& seal 454 radially
outwardly beyond the flangeP4idd: AhaRatNESGES N3I894A2P 0043 R&Es FaRarm@t ed
(see Figure 9). Preferably, the spring 456 is a wound wire spring or a
cantil evertype spring HaeYeunealanesfe Mi@hainaand Stephant Ms fedssefiled han, the cup

seal 454 and nested insi al 7 2 2004 454. - The spring
456 is preferably fornedﬁgfélgb%rr?%’gz@?a?g@% i%ftég‘gsjé’fg§71f’v’?ﬁ WfeSng 456
may beintegrally formedioiMicidaicstpic SOakuAbA AtlomeddthdkeONo145TRS); i N pl ace
of the provision of theﬁ4 ri%g 456, the cup seal 454 nmay be fornmed so as to
have an inherent bi‘s td %p? B Aprdicaen Renigb g, 0%83B24anyentavis daves L. t he

spring 456 may be om ttegePhithol MEn'P M&AkintRA SRYBEVPELI: I W th no
i nherent bi as. ’ ' ’
30 September 13, 2001; and titled Methods for the Control of
Contaminants Following Carbon Dioxide Cleaning of

Microelectronic Structures (Attorney Docket No. 5697-451P4);
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The O-ring 452 is disposed in the groove 435. PreferablQ 0Che24ring 452 is
secured in the groove 435 by an interference fit. The Oring is forned of a
deformable, resilient material. Preferably, the Oring 452 is forned of an
el astonmeric material. Mdre preferably, the Oring 452 is formed of bunna-n
or 10 neopr ene. a?q rmst?pref erlablér of EDPM The O ri ng_452 is sized such
that, when the & 9lRy1AS 31 e emRlary OGFSERiGEamat by Rragticed dn acopprispce Wish casi ngs
420, 430 are s rédeftlinveBnli ) L j il
extend above tmbut‘rrent fac%%?gﬁhgﬁlaﬁﬁ%é’gg%ﬁ%% %?8&:%389%%21@%1‘ osed,
the cup seal 48% qpsratizplyipoaneclrsttaenmpbicrized ¢dramijesto4Rdvidnttedidékasd shown in

Fi gures 8 and ri 456 hjases the walls 454A and 454B agai nst the
wal | s 434A andg’%&?lggP‘ge;aﬁggc?fp\}@m}%?/\ﬁ%gﬁeé REPCEISMPEr 410 is pressurized
above the afbi ent pTassures it hﬁermﬁa%@p%ﬁﬁfré@Hhﬂl&rwﬂ@a&&@a&%htéﬁl@ forces

the walls 454A and 454B apart and into tighter, nore sealing engagenent
with the respetiyclS1fdy aay suiphlemaanszeeh apgihesive bi dampnndore prigerablp tixeal

454 provi des a I j -that .prevents or substantially reduces
the Ml ow of the rra e Bite GREL sl prBRCHERE: Sorihe Vel wbitethe
fluid | eak pat o the white boldihmgssdhRlidsS20(Bigtipy 1SPRAKISTS0RPIRRE D3, | DhedRBRGF NT
exposure to the process fluid. Such protection of the ring 452 may
substantial |y BX{PERIIErambsn s therqafteiclptediand sealed.ng 452, particul ariy where

25 the progess flui dii HEludeseh Hgle] t seal i ng

W relative Sug 8f c £1P14 I'S

pressurized, the ca i%%? l?fz 430 gaﬁ%T be separated sonewhat b% t he i nternal

pressure so that thgPEH gc%gﬁs)ffys OBGEF mosgo] Ha gerpliey $1.sBaSB meay Because

the cup seal Agbhlisety S vAFerBisiio tABENenS nﬁgg r nt nay
b ercushig! tHE LR ﬁ‘ﬂs@#ﬁ@%&ﬁ@p lek{é%ﬁlﬁoﬁ{b??

nonet hel ess be provi ded. However, in the e or ‘conplete
failure of thePEsfyngEglthapuessurhehagber 4t).452 may serve to prevent or reduce

| eakage of;4 he proc Ld to.the enviro nt. According.to certain -38
29 OCT 20014St enbodi n’g%?%‘{egﬁe&h&glsbs%}‘@sﬂﬁe% Pﬁés%ﬁagt"%% o prstiab he
Oring 452 wi I]qultidiIC@yofrISqu)ﬂ@orﬁals(ﬁhigh-@E&sﬁrB@arﬂdTﬂ.@ﬂe&@%lﬂ%ﬁ@?éss\ﬁ@@n the

chanber 410 is at  at Ltgast a selected pressure so that the Gring Is not
pressuri zed antPeHAHLGiIDNRSHH75E & & prassirel of et lgast 40007y, drsl mereqoefermbly, wi t h
the Oring forygxtsngded j W : he fluid i.n the chanmber
410 is at atnospheric pﬁge)g S?%%%?éoﬁaﬂégﬁ%]d%%lﬁﬁeﬁgegﬁmowgﬁitbﬁe?fgggmof t he
cup seal 454 wihambeylCalrhaintbimedhni sdl aheidefpomrire (prefeabbi Bawedn sdogt SPri ng
456 may provi dﬁ)o omﬁﬁg Itong g)erfor mance). In this event, the Oring 452
may serve “as the-pr f@ M SKApRlesrsingeheuas heater asaliscaska §elont  at mospheri c
fluid into the chanbgse #d Brd&sfirOLiHig ' , the 10
at mospheric fluid (ty;i ca T y. éi r)y typi ég}swigsvﬂhﬁ?éﬁﬁgﬁ%ﬁgqcb%%%’ _
concentration sdegse-pigse 610208 hiseulgohthooesht the linel L2 yo Herspfayl mémbdrie0 Ghd/ong
material . Pref s illustrated, the Oripg 452 sealing

ar r angenent istﬁéaﬂg%%? %%gr%rslp%’g%ﬂﬂﬁqr .CTtgﬁI%ﬁdEi"i’ée'g 136iGid wEnbs TEers ar e
present. The puefastfe. EpEbgilE, B&M@ﬂaﬁ'&%?&ﬁh&d%%qﬁfd%r% f%fﬂt%l abj,ows for

use of a r%l atiyelg}tlow bias 15 force for the spring 4 ese asSpects of
the i nvent®on BESH dherswithyiffamypng Hgneef Gerrappliésdil, 2. $hmapée nppliedsot hat may

be detrinmentalyt Q. 5k : seal. 454 ot herw se oriented
or located in tieaprglgﬁggﬁﬂgé%lﬁglrlr%gfsugﬁlgéc%ﬁlyf)%gggmﬁgpe of the cup seals
454 may be arrangedliepuergeasramt 002 atidier tht tigh-preakrPRADT1 OB e V6

description herejn, it,wl]l be appreciated that the conbination of a 20 cup
seal and an eIaé%thgﬂélf‘?dcm@ﬁ%eFWQtescggchagP]éﬁsémiaéiéﬁl(@PM)p%bP paicaledpci at ed

with high presaupesssaleias: h £0%: bl lbNd:Less elt +Nal LYDLCEY, pei ther an
el astonmeric O-ring seal nor a cup seal “can overcone. Tn parti CUIAY,

el ast omer P8 OrdpatgEcdvathppnemaiateyemptratuonepritiol efithelpestcexPaar dfect phase

hi gh-pressurec e%%g tehgn1 I api dléde ressurized. Cup seals when used as
pressure seals Pealy PaRid supereibgdl, ap Stades Jaefeis g Rbgsenabl e t he
sane vessel f ehangsuryeiiRiediRtveeBUGHorb M GE R Bk S o CUIRG) ALAEL "
friction and wear and, thus, generation of dan%gl ng}conta nating
particles. | n T 9EewmRlacel Minrpcssses apdisslomtd inrtbemtmmonlytdvencd (ASt Puretti ¢ O ri ng
may be externally energized (conpressed) when required to establish a
vacuum wi t hin the chanber. 30 Wafer hol ding assenbly ' Wth reference to

Fi gures 19-22, a wafer hol ding assenbl y'@ﬁO accordi ng




to further enbodiments of the present invention is showgfm{]pizggz} The

assenbly -39 29 OCT 2004 520 may be used in place of the chuck 510 in a
pressure chanber assenbly 400B (Figure 19) otherw se corresponding to the
pressure chanber assenbly 400. As will be better appreciated fromthe

foll owi ng description, the wafer holding assenbly 520 includes a substrate
hol der or pl at &8RPSR SeRaISYD 09931289 Hvnters Jemes Rl YounBelamss & on t he

chuck 522 by npﬁ@;@aiﬁ,fmhgémw@aqab&%ﬁ?tﬂrﬁh gﬂgﬁﬁ%@ﬁ {Phh{.ang0f the

chuck 5z2. The chuck 522 has a front surface osing ’rear
surface 528. Aitddubalkiodsfof 43cmirabicredlgdttonicosricmpel Wik Cyalhies PRas ext end
rearwardly fromthe re surface 5 dradially oqutwardly with respect to
a central rot aﬂog’l‘fgg% @rge}i@(’@ﬁtéérgéngfﬁimkﬂﬁ%F‘é?ﬁ“?filoﬁ‘é cB FdweEELYf our ) of
passages 526A Bish@Bfuddichitn b EOM ASChiRly 522, d Oubgy T ear surface 528

to a circunferential channel "526B forned in thefront surface 524: A
plurality (as shownDusigthediPMefcleh&ither C(HIGA cretssity madbaipplicd td thar dl y

fromand flui nouni cat e wi t.h hannel 526B. Additj onal

ci rcunferenti g%g%ﬁgﬁ%ae ESQTﬁSPeWSﬁAw@@@iW"@&W@E? tjfcﬁ’ét_ FifeTes 15
526C. As shownctambkl L0 @ast Qe rdri®ye@ Trogkhe 22edsdre PRAb&H19Mnd rdhdc¥GRgshaf t 530
for rotation therewith about the rotational axis E-E. As the chuck 522 is

rotated, the ikRpall Ep hedgeiscubaipnisysiemt290 502004 end/or weircated visithe bet éen t he
rear surfage 5 1@%,&&?19@ acent, opposing surface 412 of the pressure
chanber 410 radia outwardly 20 in the directions F toward the outer

periphery of the chilokpb2®s flbiduidessustasdiOf erpmiisaind ivasiehesebyis 6andrat ed
beneat h t he, ch{%ck ]%22 bet\/\%shen the inner region (i.e., nearest the axis E-E)
of the chuck S3¥TARYPERMGEhAESF &) W test lineplal & nie discussrdbelewtGQumay by : t he
pressure in thegc&ahL [ | ' t l.ower

openi ngs of the passage?éﬂg%é%gséﬂg%ﬁéggérgﬁgw?ﬁée&gﬁgéﬁ(ﬁZ%haetﬁ}ﬁ%gouter edges

of 25 the chucket®2aysdimgludireg the pessure chamlbehd1@hanbes 1dsHad one bh@osd iitee0f t he
esult, a differential is created

wafer 5 o site the .chuck 522. £

bet ween tﬁlgofl‘i‘ﬂ pﬁﬁé@lff%r S@Q@FF@%‘@@%W?@@%Hace of the wafer 5 and
the pressure of theTdd fardboidy & L Ng
manner, the wafer 5 is séetj;((:)uﬂrgedéb?g@'?ﬁé cHﬁc’c}é&ggﬁg Oggggwg&g%f%ﬁﬁéﬁﬁﬁg%gand t he
“wafer 5 are rothati@dS3 fmthe s (withospathout Sv€ Quifeendicting (MM aohemko B2 pri or

to initiating I (e cess steps,,W it hout .rqotation, apnd/or in
order to provi%gbg&ggsfémtg%a %}sbgg rege r?ls,ne%%ﬂp 8”%‘%?’&%%@?53icﬂ}g“ﬂﬁﬁ%1ﬁstg%y be
provi ded. SuchpreeysplleftEstahovedans opanallRelridme 1848 (£%aapb-Solvadhesi ve,

cl anps, - 29 OCT 2004 and/or an externall generat ed gressure

di fferentidl a3S6ABRY ISHerenaRd from theavieplierct iSAgShesler yass8 (erefratilped
bel ow. Wth r%@pﬁ%gsu}neg%ﬂgﬂlngng%tsga%@é@er poghef er hol ding system 551

according to further e e preésent invention is shown therein.
The system 551 The pressure chamber 410 and the process pathways (including the

recirculation pathway) are thereafter flushed with ScCOQ; from the tank T1 to
remove adjuncts and remaining residues. If no rinse fluid is used, a pure CO;

25 (1iquid or supercritical) fluid is used to remove adjuncts and remaining
contarninants from the substrate. The flushing dense-phase CO, may be
recirculated, but is finally removed via the line L.10. A final rinse of the wafer 5

- and the pressure chamber 410 is preferably conducted using pure liquid or
supercritical COa.

30 Thereafter, the pressure chamber 410 is depressurized and the wafer 3 is
removed.

Preferably, the apparatus 10 is operable to apply the process fluid from the

spray member 190 onto the wafer surface at a pressure of at least 400 psi, and more
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5 includes a wafer hol ding assenbly 550 and. nay be used in gc%:.g];z@pe
chuck 510 in a pressure chanber assenbly 400C (Figure 23) other 1
corresponding to the pressure chanber assenmbly 400 (for clarity, certain
el enents of the assenbly 400C are not shown). The assenbly 400C is further
provided with a rna%etic drive assenbly 580. 10 As will be better _
appr eci at ed._ f r BiSf#EAY Petvesnebryt 384 p#iiapeide00 piindhoatasessiotinalydassmyinky 550

i ncl udes a su r : . i retain
the wafer 5 02&% g&%ﬁ%q%?%{g%r@gﬁ% %%a)gﬁ%ﬁg%%?f%e‘% Qﬁhf: %?%ﬁ?f% %’TGD%B% en

t he pressure imtithe rpiadsstorthe elafrbEith€l® batckhe bﬁaﬁﬁ&&ﬁdf@.{l}th@@pl@y“et' S564a
The magnetic dri}\éﬁ S@tcﬁ- 580 is adapted to drive the chuck 552 relative to

the 15 pressur®® DSRERY FstOer @Al iapd Ry chueh (ergy e plaeck Y 0T 20een
rel atively grovisg pel.emmptsichdl# ®ivn @ shaft 560 and the casing 430). It
will be appreciated that the wafer hol ding system 551 nmay be used with
ot her drive arrangeiemneenadlavhad protess flagihmety be piovided assentht wabkd® tyay be

used with othe fer hol der C i sys.. Turpin o,the netic drive

nasenbl y 580 | TeE SR otes BHIC it e SEREMBAYD 26 68 Pl hhetsier

housi ng 585 anfhig ah@¥RfulReEGisRUeRB4ing hEcPRGH tﬁgﬁ%ﬁt)ng&‘%%%@%e@fﬂg{ ng 585
S e

is received in the casing 430 such that a gas-tig seal 1s provi

t her ebet ween (¥ng§.(¢.ghfheniiers?, e lanesky1Q, alisd linesleBl, iandyodéwiline Lbic Rrefgalidy,

gasket). ,;4The : n hrough the housing.585 and i of at abl y
mount ed t het eotr}il‘%%@]%d%%g?“gﬁ}’% %o\?\%éo &4 ?ﬁlbcgl 35@8”3}{8 ?C%I%dléeéﬁlééﬁai s

posi tioned 25 heiskelasi®gsiaft 560 and the housing nmenber 585. The seal
561 is preferably a non-contact seal. Mre preferably, the seal 561 is a
gap seal (more pref&f apiey abenss tsiniecess gap inclusgvwimgtaneonsdt pulsing st ween about
0. 001 and 0. 002, I ] o T . lip
seal or a nec h%erﬂsﬁgp% télgzﬁ(% JK@?&%@#@&%%@%@@%@%&égéb&?ésls @%éﬁ?@ghgn t he
| oner end of twefesAalike56k, BGhd piase atodblaton ishecemplisheansinpas: @sd nner

magnet M unt ed onh®3 Oﬁéer orti onﬁé{he of . The_.internal magnet carrier
590 i s di sPos e ReFEiHRL SHEF HRRRREFSHEHSEA gk hehambes AHLmERBE 596
surrounds the jhiatREAa! BRSNS IR BRY den ! 3 e.g.,
by neans of a IIéui tabl e seali nlg devi ce %ﬁéﬁeg%lgg&gzg%e‘? h&!{aﬂcﬂ%@@?}!&rf& 29
“OCT 2004 | owermemdeinfd0thay bosiewlthmesslngotaedber 584. In this manner, the

pressure cap 596 and t r __housi nmenper 585 toget her .for.m.a gas-tight
reservoir for flui 3@1 %aﬁlipf'ﬁ;ggorgﬁwgg S{éﬂ%mﬁgg'é?g Sag?lwgﬂﬂ%ﬂﬁ‘é}mg%e% t he
pressure chambgferddfles Mad bt ¥y siftiableTBémistrid¥0 U AU QAT (8 chRvSbREITRADEr

584. The drive_unjit 582 may be any suitable drive device such as a
hydr aul i cadd y @ icherpistiiss mayrinclydy eo-palugnss, suifactands redctantss Pty addi ven unit .

The drive unit i | shaft 594 tnh xtends into the
housi ng marrberc I.lét%rrllggf%% goghgotta%né%%eta&ﬁ%ﬁ%%erm%%éf gn%ﬂfﬁﬁsﬁﬂlggﬂeacnﬁgﬂ haf t
594 for rot atithe chémisawistpply Tyseere12€ magbe nBgN©saltd! 46y < fRRBvéls 2dd Sposed in

t he housi ng nenber 584, but, is nechanically and fluidly 10 separated from
t he internal h’ﬁﬁ?f@?atﬁ’i?%mlﬁs eFIP?énkt?Féig'ure chanber 410 by the pressure
cap 596. An exter nalhdRgRskudRay SelfRERELk t ef: t]ng@g ol der 592
for rotation therew th. Theusna%])}nets hﬁ%anég%lﬁgl?eg%ﬁcg{@\% y Ec'sg%é]r uct ed,
arranged &% clomfid,qas.saperoriscathtotthathantiey 4 b endwagy elidw &bd pngoupitedth t o one

ther. | t hi.s- 15 t he. 1 M 1 i ndi tl
oohan cal 1y cifioredt FRECE cosk e TREE b 10 o e SIAGHls PREPIHE AR ragnet
hol der 590, andot bey@hy, ftdie tishadkit Tﬁfﬁ)eﬁglﬁ_& ﬂﬁsﬂﬁf?&%f:%sgg@ﬂ]igoﬂg}h'ssﬁo&hﬁe chuck

522 may be rotated by operation of rive unit he magnetic drive

assenbl y 580 nganee ehaynbsnfar glsianing stope usisg inbidyC Q. tAlt@0ativieiyt, iyl apparatus

di i cat . . . | e dri Sl
el udet he. ey BEREL b 3Salty Bt sy Rt PR EL G 6T Pl
Mor eover, 36 hegasttykeF3 af digglacemoteanilolk lduﬂﬁ%alblehﬁlﬁg@feb\éﬁd wiick@inBBYinke used.

As best seen in Figures 24 and 25, the chuck 552 has a front surface 554. A
count er sunk paSEhYacTEEHEIT e p sugcitticatl Qo tigised pethemraters srocess fhidir al ity

of 25 channel sy5 [ H&%E L mruni cat e
with the passa%@%@%%&%gg% %%'n?é éc@?p(r&cu e?llé%lf %’ gﬂ%&%ﬁ%ﬁ? C%lr(?/&t(gg'hom) may
flui dly connectupttvaticl &g laba BRGAratis hidienthan nhatio§ thegpri2ary phesdmeciuiB52 i s
nount ed on the driven shaft 560 by a nut 558 for rotation with the shaft
560 about a rotational axis F-F. The shaft 30 560 has an axially extending
connecting passage 562 extending therethrdugh. The nut 558 has a central
aperture that allows fluid communication between the passage 562 and the
passage 556B. A passage 563 extends radially through the shaft 560 and
fluidly connects the passage 562 to the secondary chanber 565




-42 29 OCT 2004 defined between the housing 585 and the?ShBET 2084.
Preferably, the seal 561 is a non-contact seal (e.g., a gap seal or a

| abyrinth seal) formng a restricted fl ow passage that provides fluid
comuni cati on between the pressure chanber 410 and the secondary chanber
565. An outl et 564 idn thﬁ houtii n&qrreﬂer 585 fluidly connects the secondary
chanmber 565 wi P¥ %2 APty lawer than fhakot the prmanyryosessing flaidyaged lodiglacec onnect s
a flow restrichReeRBl ARG k | i : | ow
restrictor 566fJ may %g a th%toet%%:a{eﬁgﬁ%%i%?i %lg%gp {géﬁeghﬁgotglrgﬁl%]&%&osure
val ve such as wsip@deff@.val ve adapted to provide a controlled limt on flow
therethrough. A line L42 having a 10 valve V31 fluidly connects a fluid
transfer device P20 (e.g., a vacuum punp) to the line L40. The system 551
may be used i nSapwiyhretdvent fgtemnner to secure the wafer 5 to the chuck 552.
A pressure is provided in the storage tank 568 that is |less than the
pressure of the at nbBpHOPE/ea0teResystans 30} is adkpiedtr supply andtbe recyylpiand ke-

process 15 congj.f.i . i sing,.the valv 30 i s opened so that
the secondary ¢ Ehﬁ‘g?z#%%%%%&gﬁ}end%qﬂg@%%gﬁ\&%tﬂrB‘fFS Pfc%%e storage
tank 568 whi chseer U0swilbbalgsasHieutodeoimay afhiledbakDWyeRs (WhereGhe pfRSsuBd!NP,
conpressor or the |I§§[hl s enpl oyed to generate the pressure or vacuun). In

this manner, tHMPeedlseressinzcd and daprersugesl pamdtimehiarapessson pnthe he
fluidly communggatiBo.chap | than the pressure in the
pressure chanber 4lg§(e%]’pr£e£§§§f£a§ﬁ%ﬂg?oé}ﬁ?iﬁg éleéto?%grpé ?Ség%%%%qfué?%ﬁ“ et ween
t he upper surfBoexefhpleheommer will aatbst toeathaghsicdehaf thé beswaé Sfanfber @AUSI NY
the wafer 5 to be%(g{awn down on}o ”;f chuck 552 in. the direction D. The

flow restrict ofPBES SRS AR TPiaGE Pafargwpesre FOamdll b dist frae e sy
chanber 565 t otht hes@lsGeRE Shdt & r -S?é-lﬂﬂ | eak.
The 25 controll ed Iseask serves tgégﬁgrgirﬂ;lﬁg?ﬁ%{i gﬁ* I Cl g%?%# ?ﬂ%ﬁﬁzal
pressure is proi reepniamisated phethamfiey refdered oduitable of potphtdally wistirebile for

al | owi ng ue fluid fromthe pressure chanber 410. Preferably,
the pr essﬂr%ce]I o?&t@%zreg %}rﬁa}g}g OHRD- FTPESHIO8R EPI BRsFTeaREh ST ESBY 8 sur e,

but |ess than prbeidpsesses o adfiitiohsl COAS eI GIRARLES, 145 it Rgodelie 30

i nt ended procg&a(%%. Tge_ storage tank 568 may permt gas that is drawn from
the pressure ghally; i may hsdlesirablpodreayide £0c g veld anehemistey foir seusdirsposed o
Alternatively,;uth Q% fPEr L1810k, 268 may be omitted or bypassed such that
the line L41 ventgp%%rect ?@ to g’?e?msphere when the valve V30 is opened. -43
29 OCT 2004 |If the pressure of the atnosphere in the pressure chanber 410

is the sang as or Igsg EESE th& pressure of the passive | ow pressure source
(i. e, t storag t he anbi ent at nosphere), the fluid transfer
device P20 may be oWghatRetnbOd BRHFET ! ' ﬂ{mlr to
| ess than the pressure in tnhe pr ssur’e@%@%%@é%@%}g%g@a e%teﬁgég)ési red
amount of pr essepkesupply3d2edhe atpric 3 may he, fonbamie, G0, suppkedenent or t he
valve V30 is ¢ d d.the valve V31.is opened. Preferably, the system 551
is operable toﬁlé)%ﬁlé]rugc{]ghggﬁrfeﬁmyé O?ﬁd{' g’éﬂ Fﬂ%’é‘ﬂ@fg’eﬁwup tSYPIEMEPOT | east 1
psi | ess than subenibi@ssiquel. iThelsheadd BERM BrefMIPalodd Ror sa@g?%?éi%er

preferably, between about 5 and 20 psi less. 10" Rotati n2 ay nenber The
spray nentfer Homudaer gaseusi®fédd above as wel | -as the spray menmbers 602, 652

R e

di stributed 15.17, sthideimpoadvidddesien & balive V11 hatoritg HPRSR1RS tBshatical action

fromthe fluid/su fam id)r}%'efr%gfzrrent. This mechanical action is generally the
- of

result of the it . > RS sy s adptadsushithas the Ha: Spmadhe menber .
Design of the ﬁ?ﬁ@%aﬂ%ﬁ&@ﬁvﬁéd@ié&ﬁ% gz.geé \Mﬁ{ou‘?éﬂrmlaﬁg rf}]@;ﬁ(;?g{sgerss RaglAg and

sizes of spray pofts) y be use el ectively ¢ e use of the
ener gy 20 30r argessurizing teaks,caltheddite) orto thaduessiverchbinper 4i0nailatdasieaigedsoteat i on

Che v o cur TBEHRHY PEMISEAOT A0 i o SEbmE ORI 4k 661 BF GOM oo

surface. liquid source.
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Wth reference to Figure 26, a pressure chanber assenbl yZ 80007 a2B6r ding to
further enbodinents of the present invention is shown therein. The assenbly
25 400D rmay be-the sanme as the assenbly 400 (certain aspects not shown in

Figure 26 for clarity), for exanple, except for the provision of a rotating

spray nmenber assenbly, 600. The. assenbly 400D may include a rotatively
driven wafer hol der @E@SSPW@W@F@%@XWYD%t%I%d sempeesia uyes (Tige fegst ay
menber assenbl yrd0QinmBinchas bEBshatibh B BRN V& %&[% ure
chanber assenbli es. tably, 30 the spr a§/&fen%%£tgtr‘r@%§£ g@ﬁ{sl& rréf;%rrgyused
to provide rel &€ ot sefficicsily bleamwes pracesprgyf misndeleciande subsafites. wi t hout

Spray monbor o3t b8 COR e i 8o Shmiratopel W tent apitloer 02
i ncl udes a $habthepgises, sut&kd pddicula®InT. 2Q06raandy, gy s;y%ﬁlﬁpﬁﬁ) fhstribution

portion 620. An axjal passage 612 extends from an upper opening 614 and
t hrough t he poP¢iuss agrmilisaléon ynij B hetwsamihei sopplyS1diand the fressercahaphesage 622

in the portion J . I rts 624.ext frgmthe passage 622
to the |ower, gﬁ%(e}gh ge_égﬁg? %télt %I é?%i’%% \feiﬂpﬁ%ﬁ%ﬁﬁf&gfﬁpﬁﬁ%{%ﬁgwlﬁnber
602 may be for nim-logh eleliliylebyarajusiat. i Mehi nsdndbY, ehd WlrTch@dn SHOD1 fabddd
stai nl ess steel. bearin 30 is fixed within aé)assaa%’; 427 in the casing

| g ¢ ! .
420 such that ﬁlefeﬁ‘ﬁﬁ%\é" s Pt §p0d gradarudpqusiod smde £ @ thetoba @llpwingrthe nseanfged
portion 427A ofxikhe %@gﬁi 4244 4k | (s preferably a sleeve
beari ng as shom)n(%. n%w%.ﬁl beélri ng IGQ%uﬁgég%%%%?%ed& of PTFE, PE or PEEK.
Preferably, the bealhapub@@tios uhioDiedayoihcREEBne Theoshdfthe RUBHIQNMER
ext ends throug%rté{ﬁeribeari%a. 63C£C§@r}d has a fl ange 616 overlying the flange
632. An end cap A0S EeL iRt unted to the casing 420 in the portion
427A and over the flangei6béstilhfén: X PhH Ye i vﬁ.ﬂﬁi' . r 15 the
end cap 640 forns a gas pressure tight sggllapwctﬁgt ebrg%s%a%ﬁég‘é@q#ﬁ%aend
cap 640 is adapted gapepesgmirijen of theippip)y. ofiqpidoc@smay beiltwhebgjled, fol@mated
supply ling 9) such.t he flow of . process fluid is directed through a
passage 6412S and in?tc()) %]‘zogle%{g@s‘éoé%n%ﬁpwggﬂsﬁfld continues into the passage
622 and is dispensed thraughtrithos; ports 624. 20 Wth reference to Figures 27
and 28, the ports 624 are angled with respect to the intended rotational
‘axi's NN (see Figure 28)3-0Meff%al§ﬁﬁﬁa}at#@h§éﬁrfe®blz’.paﬂ?\eémﬂlab:*ytgllatlm)eambrts 624

are disposed at an angl e4 MagEl g4 : t n_about 0 _and 85 degrees,
and nore preferably of bet yv(e)é(;dnf aErgictggéjggéﬁggﬁggpg"érﬁ%’g%%Onlarjltga oF £ 4C are
angl e?hoppom E_e thfemdlepelcmmh R (Fi 1g:;lﬁref I27) OIof ! [1; endteﬁ r ot atl 02.242(5_ In
use, e rgaction ce re nsjye the fluid exiting the ports i. e.,
the hKI(-j{\I auf ![ (r:] pr ;&f@?&‘?ﬁy ai%ﬂ%eéjse\{ltggfd ﬁ%ﬁr%%@ﬂd%ﬁg@ﬂwaé@eméb@ut t he
axi s N Wi t hi greédifs RBIHen@1 i L ARloYadd r i
nount ed internpgl ly (i. e. |, [\?VI kllliln _thegﬁ;i gﬁﬁ%?lleggﬁ%le rleglg%dﬁ%g%%?@ﬁeﬁﬂ
ItOL eszur e chanbépcussa k@ép’&rﬁtﬁé?ﬂblv,dlng@dﬂmfnﬂ @Dﬁgé‘mﬂ@gﬁ{ﬁed ?@n%ﬂd cap 640Ejl

e bearing is ed to J.oadi rom.a 30 substantial pressure drop
t her eacr oss. Aﬁl{%g{rcﬁg?%%%%o o1 Py l%tﬁitﬂgB ”f‘)cc?tlf)ﬂé‘nﬁ aulically driven
rotation, the spray nenber 602 nay be coupled to a drive unit. The spray
menber rrayzébe directly or indirectly nmechanically coupled to the drive unit
(e.g., usimg a bear 2 ngAs5 2 9 OCT 204 unit configuration) or
may be non-nechanic QLR : -US] coupling force far
el ectromagnetic or _‘%éag%g?l e ( gfg}*{ﬁ?ﬁ%ﬁﬁl&ﬁ%%ﬁ%ﬁsprt?Cﬁ%ﬂa&‘{agﬁyﬁpmgn)
coupl i ng). Sorfmchudiag, ltyméaltyhet thortdofadh May, RecakingTedmaabakdBbveio t he

axi s of rotati§n N. A spray nenper. 652 according to further enbodinents
of the present ?IH%RIFW% er Hd:va the liede. otuchilridsgnay ingldp diguigd2 and

with any of t@géﬁg?&@gﬁ&cﬂﬁﬁl fd(ﬁaéﬂeﬁlgs?rﬁ tnd 9@’5&55%31‘1‘5&11_1@%8123%. éfﬁ@%@@er 652

has a shaft portion 660 and corresponds 'to the spray ne 5pt t hat
t he bar - sB&pedligpdgadi fham iterwgfer(s)).on 620 is replaced with a plate- or

di sk-shaped distribgtion 1 art.ion 6§70 havi ng attern of spray ports 674
forned therein. The ﬁastyPtg?]gs@fm?lH(gessagngprﬁ%?ﬂge %&ﬁ%%?r%éwﬁﬁléﬁ VAol .

stream drawn removed from the pressure chamber 410. The tank T2 is preferably
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It will be appreciated that various of the inventions dedc?i Beli #bh ei nabove
and as reflected in the clains that follow nay be used for processes other
t han those specifically di scussed above with regard to the preferred

enbodi ments. For 15 exanple, the means and nethods for holding a wafer to a

chuck may be e A Q hol d other types of subst S, .ipn other types of
processes (e. g%gérllggde%sagggsﬁg{e Cifrli)\‘?éﬁ")\% ﬁgo%ézlbbﬁmﬁﬁ{ géoﬁ@brﬁﬁ%‘(qq%?.o The

suppl y/ r ecover shesysd BRis3ROferibll ithenss 5 BEKS R ILHELLAE prBYuP eSS 41 F Ot her
systens and processes_usi ng COZcont ai ni ng process fluids, such as chem cal

“mechani cal pl anar i zREf@AOCCRmpPsitionsyay berexpsipd tythe trnk(2, iTvbichersegbe ng i s

illustrative o : i ] d._i t to be.construed.as
limting ther ef)apl.(hil 1’? hgl?%ﬂénéé@eﬁv?vyg(%%&ger y sﬁbn@](ﬁw}]@ %ﬁlettﬁ?l%%?h%?ﬁi on
have been descthiahdidyt of hpmesik héddagsireant beadr fluilyl domin@adddivg abiresi at e t hat

many nodifications are OS%L‘?I e in the exenplary enbodi nents wi thout
material ly 25 BEpSrt P}h”’gﬂFF $hibat b pressusa drifereyiahfouces dhaayasig iseast intchi s

i nvention. Acc@edifor j £ i O [ ed to he.included
within the scopgqof t%;frgﬁli]tﬁsg#ﬁgggn. Bee?a%rg{%f?q%bq%stﬂ% gﬁge“”ﬁsﬁafeeﬁé‘%ko@ﬁ t hat
the foregoi ng pwvides ttpressinechead sd thet pr paap br dthwemntdhanicalndbvice ingkguirad. be
construed as I'im teghto tt}e specific gg'rt%o iments disclosed, and that

modi fications to t hePeieggs PERBYRCHER D2 34t irdrapsiagedmeythg pressure

enbodi ment5) agi@inibet 81EIRGhE einker b E4 e | ntion.
J46 2 9 OCT 204 THAT WHI CH IS d{l% Hl\/éé%&fi “%“%“8?%?%?%%&%%@@2%& y

(400C) for proereses Agidimey be expanded Byqughheressessudetioh daties (s seodiltip]

conprising: a) ve | defining.,an encl osed pressure chanber
(410): by a subaYT o ANNEY e Topes oI Sre  SEIF 1oHeY MESHfe Soupenieihs  and
adapt ed to hol protdseingulasd (e, echefical a@fuhMte oPEHARI ohBEManfN AU tO MOVe
t he substrate hol der, t@g drive assenbly including: a first drive nenber
(590) connect eFniged HsoLihlss themby trdlitgting theelivens veparatidnerfdhe expandddati ve to

the press V. | - ( i 592) .fl.uidly isolated fromthe
first dri \ljrejemeﬁ er. 13%038 ?@gqg?%ggjﬁ\régeagﬁgpnigelﬁéavg%n%(lﬁﬁqqeléeﬁ%fn %%’?)ﬁm'
operabl e to nove t hé sspearitcal €04 provessftuid nvlyerlei bt dxPenddtitOuphih bressuré | Ui dl y
i sol at ed fromtﬁg fi rstt dri\rﬁg@mﬂber qajmd t he tgressur_e chanmber; wherein the
second drive mEMON R thedMomhaRGHEKY F9s waupl & pheserdingramy dhisgravanabienber
such that the @ei¥8ndHnd ; : i i st and
second drive rremgeé?rsl; égonqngghﬂg&?rgrptr%?gs\s#@?%\gﬁgﬁf)%g{s%ghe}z%g vfgpﬁlll% Off% t he

pressure chanbdrided émkion multiple tankesSush enhehtationimiag bp ndssittdeaastotcould
pressure ater.. ient atnospheric pressure. 2. The pressure chanber
assenbl y g%OeG Igllﬁlr%ta%at\%g‘?r%rgﬁmpr?gngé%cg?fﬁﬂ%lf’tf%@sn’é(ﬁﬁgﬁmiysben‘&ﬁﬁéoﬁ 19y coupl ed
to the first dhbvgeniemieigle &mﬂ&iﬁnﬁﬂﬁ&%ﬁéﬁn&@'@%ﬁfeﬁ_ ta%%ﬁﬁ%lﬂsocgnaﬁe%é“ 2

Y

including: a first .magne_t_fM) mounted on the first dr menber; a second
magnet (M) mottHizadomel distliatien drseparption efghdprocessing fluid components (e.g.,

separation of CO, for recycle from chemical adjuncts and entrained contaminants
for disposal).

25 A liquid process fluid stream may be expanded and heated to the gas-state.

This would allow a continuous distillation-like separation of components (i.e.,

evaporation of flash evaporation), for example, as described below with regard the

distillation system 340.

30 Recycling and abatement

The waste stream received in the tank T2 is thereafter transferred to a
recycling/abatement station 310 through a line 129 (which is provided with a valve

V12). The waste stream may be transferred by means of a pump or the like, but is
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adj acent and spaced apart fromthe first magnet; and a hoR$ 6§7( 28#)

i nter posed between the first and second nagnets such that the first and
second magnets are nutually fluidly isolated thereby. -47 29 OCT 2004 4.
The pressure chanber assenbly of Claim1l wherein: the drive assenbly

i ncl udes a housi 585) .formng a fluid-tjght seal with the pressure

vessel and defﬂrﬁfgﬂa&i%u?géw&sw g ’Ggi)mF%leSPih%fIE‘éﬁﬁﬁ iferentd with

t he pressure chanperavi@ndottheedil i Mol ' i.thig the
rayvidnNd ot etibhishe Fhdy E’tr{%ggyiﬁsbeglf g%ia?a?%f@ﬂ?éé\flaég 'I?h

secondary chanber and fhe second drive ne ose e
secondary chartbere may, beTime qfimeys sererath indsalelinsrsmntt yespéetiSh abparseddtaaaisn t he

first drive malnber i.ncl udes haf t 6 connected to the substrate hol der
and the drive gléséeéorar{)alt%/ﬂ?@ﬁfl%g?ﬁ?en Eﬂ(}@s%eﬁe%’ie% W%é}@)“ﬁﬁﬁéépgé}geﬁefget ween
the shaft a&nd #yhBe bauugh 390 iBthe TH®ARE SRMh&sChanber assenbly of Caim1l
wherein the drive assenbly is operable to rotate the substrate hol der

relative to the pressurel-vesseP; may byHisppred 9§ threugthambrelediwseingloy of O ai m

of "Gz t1ui d. The reninse Kk 83708 Bk SHOBhAR ditcia e FTen Rippl v
of COZ fluid includesecldedsss;phase COZ. 9. The pressure chanber assenbly of

Claim8 wherein the supply of COZ fluid includes |iquid COz and/or
supercritical fluid COz.210. GRenpy bedigecdy shpphiseto shasupssine dpmbpedif 7

wherein the means fyn,pneYbei Ag. (g gﬁ@&%ﬁ%ﬁ&%é&@%Fén;gto%ggggﬁg%@g provi de

the COZ fluid in the pressure cha at  a pressur psi .

11. The pressure cheamiid3. Abs€Mbhyddivefddab thelftesstirr diambehel BanRgh fier
providing the pressluri d flblid is adapted tq provide the CQZ fluid in the
pressure chanber at™™§ Y1 PR AT o EHRBRAFTIC PORSS S INgHHCIBeRso 1ti8ay. - 48
29 OCT 2004 is 12. PENRRIERTIHR &hases: RSSemliya | m; hp the
means for providing the pr%eZsuri. zegﬁ?l ui d I|§ﬁcl u1 aegjnaoﬁtlgénﬁh%loar%?gsﬁ#%g a
supply of pressuri zbdmbeuatdhe baginmingwf dach merlé;| ui'dl y connected to the

pressure gamber. 13. The pressuhg, B0AIRS AHREPRiNcatbn hADT A uah Lot 1 the

line 123 and thereafter into the pressure chamber 410;

4, Gaseous CO; may be directed through a purification unit
D2, through a liquefying unit 314 (which adjusts the pressure and chills the
CO; gas), and supplied to the stock CO, supply 312 for further use in the

20 manner described above;

5. CO; may be passed through a purification unit D4 and re-
pressurized and supplied to the high-pressure tank T1 through a line L25
using a pressurizing device (e.g., 2 pump) P8;

6. CO; may be directed via a line 1.26 through a purification

25 unit D5 to a vapor saver tank 320 as discussed below; and
7. Chemical adjuncts and contaminants may be treate.d and/or

disposed offrecycled through a line 1.28 and in accordance with good

chemical stewardship.

30 Vapor recovery

Following draining of the process fluid from the pressure chamber 410, a

pressurized CO; vapor will remain in the pressure chamber 410. It is desirable and
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providing a pressurized fluid includes a punp. 14. A pres2d é(Chddber
assenbly (400C) for processing a substrate (5), the pressure chanber
assenbly conprising: a) a pressure vessel defining an encl osed pressure
chanber (410); b) a substrate hol der (552) disposed in the pressure chanber

d adapted t ' ti.c dri bl 580
oper abl 6 fo mouit feseapa R PO Bloly TS IR it etriovatlel . a)
nmeans for providiog the priesstefs) zogd, Fifi(Eh)i n the pressure chanber such that

the pressurized fluid is pressurized to a pressure greater than anbient
at mospheri ¢ pr essur &0 mpthofer demsessrizing therebamberds emiriny thsfech@nbénnsing avher ei n

the nmeans for id} e | ze i ncl udes flui.d 16. The
pressure chanbg(gﬁggggg%f%/sgofx {3 aﬁ{rﬁ%’é %nngéjrrgglsﬁr {)rl.peums%%%y g%?edé%ifaﬂ uid
i ncl udes densedphate PSRureld thefresspreahamber £anber assenbly of Caim 16

wherein the supply Coz flui.d includes |Iiquid COZ and/or supercritical
fluid C2. 18. The §’§?frs'ére(9ﬁgﬁtfg(52l§§3éé]ﬁﬁlb9r%ifw®‘ai%asamﬁéfrcéffﬁyt he means

for providing {REnPBESSW he@dd bl ﬂ:iu@w%s.s gg&f@%@?aﬁ%ﬁ%@#aﬂﬁ@%@%ﬂgozn

the pressure chanber at a pressure o
19. The pr essufeatuedsandaspertseitht petbdCual appititwhiscdisad ithe.Sr@amst f or

provi di ng the rized.fl uhgd.l d.to provide the COZ fluid in the
pressure chanb'&)ﬁchsaﬁgnpF%goubgﬂgé’ggzgﬁ&ﬁeﬁ%ﬁ2§€) Psnddnd - adetenpsi . 20.
The pressurte chpplixerionsseMy. y9660 ChaifRddepibiar&inz, 2w, means for providing
the pressurized fluid includes a tank containing a supply of pressurized

fluid, the tank beifigaPPiiicBR¥Ert ket pisesurived bantpnes¥drisussddotmpidly 21. The

pressure chanb ﬁ?ﬁ : i r el he nmeans ,far providing a
pressuri zed fI%irpgﬂ;énc 2 lgé)é&gy a?fﬁ)%gg? g\’;ﬁﬁ%F%@% %m&?fé%%lf’agg‘g%}%ﬂiv (4000
for processi ngLi8.silibstapatred () is tybiealdy £85¢sSuSHRFNE fR&S SiDhYy GORNGLRI NG:
a) a pressure yvessel defining .an, enc|losed pressure chanber (410) and an
exterior openi (:{I@W?‘Scélﬁs‘?’ (D Yehtng SprrgrbEafip@rihabettors hbthschembare 18ianber ;

15 avoid formation of solid/dry ice). In this manner, the pressure chamber 410 may
be depressurized very rapidly. Advantageously, the capturing method is not
constrained by the volumetric throughput of a mechanical device (e.g., a
compressor). The volume of the vapor recovery tank 322 is preferably on the order
of one to 500 times the volume of the pressure chamber 410.

20 The captured CO; may be handled in any desired manner, including:

a) it may be disposed of through a line 1.21 having a valve
V10, and preferably through a surge tank 324; |
b) using the line L.21 and surge tank 324, it may be recovered

and recycled for use in another application (e.g., a CO,-based fire

25 suppression system or a storage container for recycle for use in some other
service);
c} it may be recovered and recycled for use in the same

application (compressed and/or lquified, and/or converted into SCF) and
re-supplied to the processing system or to the CO,-supply system:

30 d) it may be used in the next processing step to pressurize the
pressure chamber 410 (which may be a prerequisite for pressurizing the

pressure chamber 410 up to sufficient pressure to effectively add CO,-

based processing fluids).
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b) a substrate holder (552) disposed in the pressure chanbé#génaréﬁgﬁted to
hol d the substrate; and c) a drive assenbly (580) operable to nove the
substrate hol der relative to the pressure vessel, the drive assenbly

i ncluding a housing (585) covering the exterior opening of the pressure

chanber so as to se xterior opening;.,d) neans for ovi di.ng a
pressurized fluid i ﬁ[lhte h’gg %ﬁgésogﬁr esygﬁg"rmg %&H'g‘ﬁ ACRAPTSHE Pp?%é’%@?fﬁ“?g&lef | uid

i s pressurized thanasfer @i esstitldrgs eRtREsstRIRaATR Altio %ier%%ﬂ%ﬁéferspfaﬁﬁﬁé ire. 23.
The pressure chanber assenbly of Caim?22 wherein the drive assenb 2;

i ncl udes a dri V& FEFTERS & BEENd &% & PFreesfing ¢ickauls ressumsychemberrd 18peayi apatand

connected to t s ressur. ber..a nbly of
Claim 22 wher egﬂgg t géﬁfeeg(g?z%%% gﬁ?\??éﬁe%%@?e%ea %nggcgﬂ%‘Fégﬁlﬁﬂogf?fﬂwb udes a
supply of Gtz BDU)dwnd-tvapoRBcOETFy 20@4n#bbe AdowR&sSHEE IChagber assenbly of
C ai m 24 wherei,n the .supply of OEZ fluid includes dense phase COz. 26. The
pressure chanb8FPESEHABING FEsswEe shambes 41 de alew (e ampisnt) pessswewey| ui d

i ncludes | i qui dy nd/ | £ ' h essu

chanber asse rrbﬁygg% %%gitfnﬁ%i# \%ﬁée%él Er>]f %ﬁgha{rrdé%grrl gn%%‘%(z)% %-F g‘ét%i:r ﬁ%§ While
pressurized fl sdving theakigiwd! the GO vhaevd dhamBas thiybakqualitddeadd Begur e
chanber at a pressure of at |east 400 psi. 28. The pressure chanber

assenbly of O aim 27 whefein PAETRESIRE mMagybedised famuss mae Gk &way e zeain £ | ui d
i s adaptedl®o provi dgckhieno@@ambbiiodhd PadoRSad €3%ULR Chanber at a pressure
of between about 800 psi _and 3000 psi. IJéJQ.aThe pressure chanber assenbly of
C ai m 22 wherein the neaBs fof sgnosdivabargeddveryprals say bz askdf(egl,dni ncl udes a
tank containing a s urized fluid..the tank hei fluidly
connected to the pr g%gééi%&%hagﬁzfo ggﬁﬁl. raﬁlﬁii?' ?ﬂ“élébe{ﬁtreém@ﬁ %‘é‘?arf]géggﬁl{fgﬁ of
Cl ai m 29 wherei n t hereseaast the prassay chlirigera1pr essuri zed fluid includes a
punp. 31. The pressgre chanber assenbly of Cl aim 22 wherein the drive
assenbly is operabl & 9OPREHONBENAE? b oyl tawsraoenbe suatssial Gow thovater rel ati ve
to the pressuracyessehnk(dPerfeRHRSSH ARSIl Y,(4000) Tor
processing a sqgstthe Esg),e t he pr%gsogragﬂ%@ﬁ‘%c?&aesegg%‘fh R iag?’vhjgfh

' time the vapor recovery tank(s) may be required to be at low pressure again. The

captured CO, may be handled in any of the manners described above.

It will be appreciated that various valving and flow control apparatus in
addition to that illustrated may be employed in the system 300. The vapor-saver
20 system 320 and the several options for handling the CO, from the waste stream of
line L10 are independent and any may be eliminated from the system 300 as
desired. Each of the purification units D2, D3, D4, D5 may correspond to the
purification unit D1 (7.e., may use any of the methods listed above - distillation,
filtration, membrane separation, and absorption/adsorption). As an alternative to
25  the several purification units D2, D3, D4, D5, two or more of these purification
units may be combined so that the respective flow paths each have a common

extent through the shared purification unit and thereafter diverge.

Pressure chamber assembly

30 With reference to Figures 8 and 9, the pressure chamber assembly 400
includes an upper casing 420 and a lower casing 430. When in a closed position as
shown in Figure 8, the casings 420, 430 define a pressure chamber 410

therebetween and a sealing system 450 as described in more detail below seals the
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‘a) a pressure vessel defining an encl osed pressure chanber QZQLQ])CT gm,@
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pressure nozzles 192 onto the working surface 5A of the wafer.

15 The casings 420, 430 are preferably each unitarily formed of stainless steel
or other suitable metal. Passages 422A, 422B, 422C are formed through the casing
420. Passages 4324, 432B, 432C are formed through the casing 430. As best
seen in Figure 9, the casing 420 has an annular flange 424 with an outer, annular
recess 425 formed therein and defined in part by a vertical wall 425A. The casing

20 430 has an annular flange 434 with an annular groove 435 formed therein. The
flange 434 has a vertical wall 434A. The casings 420 and 430 have opposing
annular abutment faces 426 and 436, respectively. |

With reference to Figures 10-12, the upper guard heater 462 includes an

interior member 464 having a top wall 464A and an annular side wall 464B. A

25 spiral flow channel 466 A is formed in the top wall 464A. An outer plate 467
covers the top wall 464A. An annular surrounding member 468 surrounds the side
wall 464B and defines an annular surrounding channel 466B therewith. A channel
466C fluidly connects the channels 466A and 466B. An inlet 466D in the top plate
467 fluidly connects the passage 422A to the channel 466B, and an outlet 466K

30 fluidly connects the passage 422B to the channel 466A. The outer plate 467 and
the wall 468 are secured to the interior member 464 by welds 8, for example. The
I‘spray member 190 extends through an opening 467A in the outer plate 467 and is

retained (e.g., by an upstream nozzle or screws) in a groove 464C in the top wall
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member 478 and the outer plate 474 are preferably formed of stainless steel or
other suitable metal. The guard heater 472 may be secured to the casing 430 by

15 screws with small standoffs holding the screws off of the walls.

Preferably, the guard heaters 462, 472 each have a surface area (i.e., the
"interior”, inwardly facing surfaces) to volume ratio of at least 0.2 cm*cm’. More
preferably, the guard heaters 462, 472 each have a surface area to volume ratio of
between about 0.2 and 5.0 cm*/em’, and most preferably of about 0.6 cm?*/em’.

20 As discussed above, the temperature of the wafer environment (i.e., the
chamber 410 and the fluid(s) therein) is preferably controlled during and between
the cleaning and other process steps. The temperature in the chamber 410 is
controlled using the guard heater assembly 460. More particularly, a flow of
temperature control fluid is introduced through the passager 422A, through the inlet

25  opening 466D, through the channel 466B; through the passage 466C, through the
passage 466A, through the outlet opening 466E and out through the passage 422B.
In this manner, heat from the temperature control fluid is transferred to the guard
heater 462 to heat the guard heater 462 (when the fluid is hotter than the guard
heater 462} or, alternatively, heat {from the guard heater 462 is absorbed and

30 removed by the fluid to cool the guard heater 462 (when the fluid is cooler than the
guard heater 462). The lower guard heater 472 may be heated or cooled in the

same manner by a temperature control fluid that flows through the passage 4324,
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cooled by the temperature control fluids to the thermal masses of the guard heaters
462, 472. Accordingly, the temperature of the process fluid may be controlled
30 such that it is substantially different than that of the casings 420, 430.
While a fluid flow heating/cooling arrangement is iflustrated and described

above, other means for heating/cooling the guard heaters 462, 472 may be

employed in addition to or in place of fluid heating. For example, electrical
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B ?H _ fluid leak path 3 (Figure 15) at the interface from the pressure chamber 410 to an
exterior region 7 (e.g., the ambient atmosphere (directly or indirectly)). The
25 sealing system 450 is adapted to restrict (fully or partially) the flow of fluid along
 the fluid leak path 3.

As best seen in Figure 15, the sealing system 450 includes an O-ring 452,

an annular cup (or chevron) seal 454, an annular spring 456 and an annular
retaining ring 458. As discussed below, the combination of the seals 452, 454
30 serves to improve the effectiveness and durability of the pressure chamber seal.
The retaining ring 458 is fixed to the flange 424 and extends radially
outwardly toward the flange 434 and below the recess 425. The retaining ring 458

may be formed of stainless steel or other suitable material. The retaining ring 458
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") 10%: ()-0!) 191()0/%:1{33 ans agrgnular -nin-er WELE 4%?3 Jomed along an annular fold 454C to an

10 annular outer wall 454A and defining an annular channel 454D therein.

The cup seal 454 is preferably unitarily formed of a flexible resilient

' material. Preferably, the cup seal 454 is formed of a material that is resistant to
swelling and damage when exposed to dense CO». Suitable materials include
fluorinated polymers and elastomers, such as PTFE (Teflon®, DuPont), filled

15 PTFE, PTFE copolymers and analogs, such as FEP (fluorinated ethylene/propylene
copolymers), Teflon AF, CTFE; other highly stable plastics, such as
poly(ethylene), UHMWPE (ultra-high molecular weight poly(ethylene)), PP, PVC,
acrylic polymers, amide polymers, and various elastomers, such as neoprene,
Buna-N, and Epichlorohydrin-based elastomers. Suitable seal materials can be

20 obtained from PSI Pressure Seals Inc., 310 Nutmeg Road South, South Windsor,
CT 06074.

The cup seal 454 may be secured to the flange 424 by affixing at least one,
and preferably both, of the inner wall 454B and the fold 454C to the adjacent
portions of the flange 424 and/or the retaining ring 458. The inner wall 454B,

25 - 454C may be secured to the flange 424 using adhesive, for cxample. Preferably,
the cup seal 454 is retained by the retaining ring 458 without the use of adhesive or
the like.

The spring 456 may be any suitable spring capable of repeatedly and
reliably biasing the outer wall 454A away from the inner wall 454B (i.e., radially

30 outwardly). Preferably, the spring 456 biases the cup scal 454 radially outwardly
beyond the flange 424 when the casings 420, 430 are separated (see Figure 9).
Preferably, the spring 456 is a wound wire spring or a cantilever type spring having

a shape similar to, but smaller than, the cup seal 454 and nested inside the cup seal
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elastomeric material. More preferably, the O-ring 452 is formed of bunna-n or

10 neoprene, and most préferably of EDPM. The O-ring 452 is sized such that, when
the O-ring 452 is in its unloaded state (J.e., when the casings 420, 430 are
separated; see Figure 9), a portion of the O-ring 452 will extend above the
abutment face 436. ‘ |

When the casings 420, 430 are closed, the cup seal 454 is captured between

15 the flanges 424 and 434 as shown in Figures 8 and 15. The spring 456 biases the

walls 454A and 4548 against the walls 434A and 425A, respectively. When the

- chamber 410 is pressurized above the ambient pressure, the pressure exerted in the
channel 454D forces the walls 454A and 454B apart and into tlghter more sealing
engagement with the respective walls 434A and 425A.

20 In this manner, the cup seal 454 provides a secure, primary seal that
prevents or substantially reduces the flow of the fluid from the chamber 410 to the
O-ring 452 along the fluid leak path 3. The O-ring 452 is thereby spared
potentially dé.maging exposure to the process fluid. Such protection of the O-ring
452 may substantially extend the service life of the O-ring 452, particularly where

25 the process fluid includes high pressure CO,. Accordingly, the sealing system 450
may provide for a high throughput wafer manufacturing system with relatively
long-lived seals.

Notably, when the chamber 410 is pressurized, the casings 420, 430 may be
separated somewhat by the internal pressure so that the O-ring 452 is not well-

30 loaded for sealing. Because the cup seal 434 serves as a primary seal, a secure
sealing arrangement may nonetheless be provided. However, in the event of a

 partial or complete failure of the cup seal 454, the O-ring 452 may serve to prevent

or reduce leakage of the process fluid to the environment. According to certain
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the O-rlng 432 may serve as the primary seal to prevent or reduce leakage of
atmospheric fluid into the chamber 410 through the fluid leak path 3. Notably, the

10 atmospheric fluid (typically air) typically will not include high concentrations of
CO; or other components unduly harmfut to the O-ring material.

Preferably, énd as illustrated, the O-ring 452 sealing arrangement is a butt-
type arrangement so that no sliding components are present. The pressure
energizing mechanism of the cup seal 454 allows for use of a relatively low bias

15 force for the spring 456. These aspects of the invention assist in minimizing the
generation of any particles that may be detrimental to the wafer 5. The cup seal
454 may be otherwise oriented or located in the pressure chamber assembly. Two
or more of the cup seals 454 may be arranged in series along the fluid leak path.

From the description herein, it will be appreciated that the combination of a

20 cup seal and an elastomeric O-ring seal overcomes certain problems associated
with high pressure sealing of CO, holding vessels that typically neither an
elastomeric O-ring seal nor a cup seal can overcome. In particular, elastomeric O-
rings are generally not long-lived when exposed to high-pressure CO; and then
rapidly depressurized. Cup seals when used as pressure seals typically require a

25  large pre-load spring to enable the same vessel for vacuum service. Such large
pre-load may cause greater friction and wear and, thus, generation of
damaging/contaminating particles. In accordance with the present invention, the
elastomeric O-ring may be externally energized {compressed) when required to
¢stablish a vacuum within the chamber.

30

Wafer holding assembly

With reference to Figures 19-22, a wafer holding assembly 520 according

to further embodiments of the present invention is shown therein. The assemnbly
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1 10%1& () - 10%0& () ThelQiRE 582 ndd £5F surface 524 and an opposing rear surface 528. A

plurality (as shown, eight) of impeller vanes 529 extend rearwardly from the rear
 surface 528 and radially outwardly with respect to a central rotation axis E~E
10 (Figure 19). A plurality (as shown, four) of passages 526A extend fully through
the chuck 522 from the rear surface 528 to a circumferential channel 526B formed
-in the front surface 524. A plurality (as shown, sixteen) of channels 526C extend
radially outwardly from and ﬂuidly—communicate with the channel 526B.
Additional circumferential channels (not shown) may fluidly connect the channels
15 526C.

As shown in Figure 19, the chuck 522 is mounted on a driven shaft 530 for
rotation therewith about the rotational axis E-E. As the chuck 522 is rotated, the
impeller vanes 529 tend to push or force the fluid between the rear surface 528 and
the adjacent, opposing surface 412 of the pressure chamber 410 radially outwardly

20 in the directions F toward the outer periphery of the chuck 522. A pressure
differential is thereby generated beneath the chuck 522 between the inner region
(i.e., nearest the axis E-E) of the chuck 522 and the outer region of the chuck.
More particularly, the pressure in the central region (including the pressure at the
lower openings'of the passages 526A) is less than the pressure at the outer edges of

25  the chuck 522 and the pressure in the chamber 410 on the side of the wafer 5
opposite the chuck 522. As a result, a differential is created between the fluid
pressure exerted on the top surface of the wafer 5 and the pressure of the fluid in
the channels 526B, 526C.

In the foregoing manner, the wafer 5 is secured to the chuck 522 as the

30 chuck 522 and the wafer 5 are rotated. In order to retain the wafer 5 on the chuck
522 prior to initiating rotation or during process steps without rotation, and/or in
order to provide additional securement, supplemental holding means may be

provided. Such supplemental means may include, for example, adhesive, clamps

-]
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"j U ~?bC 1 20! 1nch% &'wafer holding assembly 550 and may be used in place of the chuck 510

10%&' ()-10%& 1(12 a pri s]ﬁ%) ham(l)ef és%glg{ y(4)0i]lcl(%l/gqgﬁlrg 23) ervnse corresponding to the
pressure chamber assembly 400 (for clarity, certain elements of the assembly 400C
are not shown). The assembly 400C is further provided with a magnetic drive
assembly 580.

10 As will be better appreciated from the following description, the wafer
holding assembly 550 includes a substrate holder or platen or chuck 552 and is
adapted to retain the wafer 5 on the chuck 552 by means of a pressure differential
between the pressure in the pressure chamber 410 and the pressure at an outlet 564.
‘The magnetic drive system 580 is adapted to drive the chuck 552 relative to the

15 pressure chamber 410 without requiring sealing directly between relatively moving
elements (namely, a shaft 560 and the casing 430), It will be appreciated that the
wafer holding system 551 may be used with other drive arrangements and that the
magnetic drive assembly 580 may be used with other wafer holder mechanisms.

Turning to the magnetic drive assembly 580 in greater detail, the assembly

20 580 includes an upper housing 585 and a lower housing 584. The upper end of the
upper housing 585 is received in the casing 430 such that a gas-tight seal is
provided therebetween (e.g., by means of a suitable sealing device such as a
gasket)., The shaft 560 extends through the housing 585 and is rotatably mounted
thereon by upper and lower bearings 586 and 588. A seal 561 is positioned

25  between the shaft 560 and the housing member 585. The seal 561 is preferably a
non-contact seal. More preferably, the seal 561 is a gap seal (more preferably,
defining a gap G having a width of between about 0.001 and 0.002 inch) or a
labyrinth seal. The seal 561 may also be a lip seal or a mechanical seal.

An internal magnet holder 590 is mounted on the lower end of the shaft 560

30  for rotation therewith and has an inner magnet M1 mounted on an outer portion
thereof. The internal magnet carrier 590 is disposed in the lower housing member
384. A pressure cap 596 surrounds the internal magnet carrier 590 and forms a

gas-tight seal (e.g., by means of a suitable sealing device such as a gasket} with the
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106] }"?k@1 10! A drive unit 582 is mounted on the housing member 584. The drive unit
5 582 may be any suitable drive device such as a hydraulically driven unit or, more
preferably, an electrically driven unit. The drive unit 582 is operable to rotate a
shaft 594 that extends into the housing member 584. An external magnet holder
592 is mounted on the shaft 594 for rotation therewith. The external magnet holder
592 is disposed in the housing member 584, but is mechanically and fluidly
10 separated from the internal magnet holder 590 and the pressure chamber 410 by the
pressure cap 596. An external magnet M2 is mounted on the external magnet
holder 592 for rotation therewith.
The magnets M1 and M2 are relatively constructed, arranged and
configured to such that they are magnetically coupled to one another. In this
15 manner, the magnets M1, M2 serve to indirectly mechanically couple the external
- magnet holder 592 and the internal magnet holder 590, and thereby the shaft 594
and the shaft 560. Thus, the chuck 522 may be rotated by operation of the drive
unit 582,
The magnetic drive assembly 580 may be any suitable drive assembly with
20  suitable modifications as described herein. Suitable magnetic drive assemblies
include the BMD 150, available from Biichi AG of Uster, Switzerland. Moreover,
other types of non-mechanically coupling drive units may be used.
As best seen in Figures 24 and 25, the chuck 552 has a front surface 554,
A countersunk passage 556B extends fully through the chuck 552. A plurality of -
25 channels 526A extend radially outwardly from and fluidly communicate with the
passage 556B. Additional circumferential channels (not shown) may fluidly
connect the channels 526A.
As shown in Figure 23, the chuck 552 is mounted on the driven shaft 560
by a nut 558 for rotation with the shaft 560 about a rotational axis F-F. The shaft
30 560 has an axially extending connecting passage 562 extending therethrough. The
nut 558 has a central aperture that allows fluid communication between the
passage 562 and the passage 556B. A passage 563 extends radially through the

shaft 560 and fluidly connects the passage 562 to the secondary chamber 565
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10%g& () - 10(V©ﬁ©\(v)res*tné|t91°/% dokra stdBoe tank 568 to the line 1.40. The flow restrictor 566
may be a throttling orifice or a suitable partial cldsure valve such as a needle valve
adapted to provide a controlled limit on flow therethrough. A line L42 having a
10 valve V31 fluidly connects a fluid transfer device P20 (e.g., a vacuum pump) to the
line 1.40.

The system 551 may be used in the following manner to secure the wafer 5
to the chuck 552. A pressure is provided in the storage tank 568 that is less than
the pressure of the atmosphere in the pressure chamber 410 under typical process

15 conditions. During processing, the valve V30 is bpened so that the secondary
chamber 565 is placed in fluid communication with the storage tank 568 which
serves as a passive low pressure source (i.e., no pump, compressor or the like is
employed to generate the pressure or vacuum). In this manner, the pressure in the
chamber 565 (and, therefore, in the fluidly communicating channels 556A) is less

20  than the pressure in the pressure chamber 410. A pressure differential is thereby
generated between the upper surface of the wafer 5 and the backside of the wafer
3, causing the wafer 5 to be drawn down onto the chuck 552 in the direction D.

" The flow restrictor 566 serves to limit flow of fluid from the secondary
chamber 565 to the storage tank 568, thereby providing a controlled leak. The
.25 controlled leak serves to ensure a that sufficient differential pressure is provided
across the wafer 5 to hold it in place without allowing undue loss of the fluid from
the pressure chamber 410.

Preferably, the pressure of the storage tank 568 is greater than atmospheric
pressure, but less than the pressure of the pressure chamber 410 during the

30 intended processes. The storage tank 568 may permit gas that is drawn from the
pressure chamber 410 to be cleaned and recycled or otherwise disposed of.

- Alternatively, the storage tank 568 may be omitted or bypassed such that

the line L41 vents directly to atmosphere when the valve V30 is opened.
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wafer 5. In this event, the valve V30 is ciBsed and the valve Y31is opened

Preferably, the system 551 is operable to generate a pressure in the
channels 556 A that is at least 1 psi less than the pressure in the pressure chamber
410, and more preferably, between about 5 and 20 psi less.
10

Rotating spray member

The spray member 190 as described above as well-as the spray members
602, 652 described below provide dispersed inlets to deliver process fluids directly
to the surface of the wafer. Moreover, the spray members provide a distributed
15, stream of these fluids that incorporates mechanical action from the fluid/surface
impingement. This mechanical action is generally the result of the momentum of
the fluid stream coming out of the spray member.
Design of the spray member (including, for example, number, spacing and
sizes of spray ports) may be used to selectively control the use of the energy
20  transfer/mechanical action. Additionally, simultaneous rotation of the wafer may
serve to generate shear (momentum) between the fluid and the wafer surface to
further facilitate removal of materials from the surface. |
With reference to Figure 26, a pressure chamber assembly 400D according
to further embodiments of the present invention is shown therein. The assembly
25 400D may be the same as the assembly 400 (certain aspects not shown in Figure
26 for clarity), for example, except for the provision of a rotating spray member
assembly 600. The assembly 400D may include a rotatively driven wafer holder
510 or the wafer 5 may be held stationary. The spray member assembly 600 may
be used with any of the above-described pressure chamber assemblies. Notably,
30 the spray member assembly 600 may be used to provide relative rotation between a
spray member and a wafer without requiring a rotating wafer holder.
The spray member assembly 600 includes a spray member 602 as also

shown in Figures 27 and 28. The spray member 602 includes a shaft portion 610
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5 member 602 may be formed of a highly oxidatively stable material such as 316
 stainless steel.

A bearing 630 is fixed within a passage 427 in the casing 420 such that a
flange 632 of the bearing 630 is received in an enlarged portion 427A of the
passage 427. The bearing 630 is preferably a sleeve bearing as shown. The

| 10 bearing 630 may be formed of PTFE, PE or PEEK. Preferably, the bearing 630 is
formed of PTFE.

The shaft portion 612 extends through the bearing 630 and has a flange 616
overlying the flange 632. An end cap 640 is securely mounted to the casing 420 in
the portion 427A and over the flange 616, for example, by threading. Preferably,

15 the end cap 640 forms a gas pressure tight seal with the casing 420.-

The end cap 640 is adapted to receive a supply of process fluid (e.g., froma
supply line 9) such that the flow of process fluid is directed through a passage 642
and into the passage 612. The fluid continues into the passage 622 and is

| dispensed through the ports 624.

20 With reference to Figares 27 and 28, the ports 624 are angled with respect
to the intended rotational axis N-N (sce Figure 28) of the spray member 602.
Preferably, the ports 624 are disposed at an angle M (Figure 28) of between about
0 and 85 degrees, and more preferably of between about 30 and 60 degrees. The
ports 624 are angled opposite the direction R (Figure 27) of intended rotation.

25 In use, the reaction force responsive the fluid exiting the ports 624 (i.e., the
hydraulic propulsion) causes the spray member 602 to rotate about the axis N-N
within the bearing 630. Notably, because the bearing 630 is mounted internally
(i.e., within the high pressure region) of the pressure chamber 410 separated from
ambient pressure by the end cap 640, the bearing is not subjected to loading from a

30  substantial pressure drop thereacross.

Alternatively or in addition to the hydraulically driven rotation, the spray
member 602 may be coupled to a drive unit. The spray member may be directly or

indirectly mechanically coupled to the drive unit (e.g., using a bearing/seal/drive
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5 A spray member 652 according to further embodiments of the present
invention may be used in place of the spray member 602 and with any of the
foregoing modifications or features. The spray member 652 has a shaft portion
660 and corresponds to the spray member 602 except that the bar-shaped
distribution portion 620 is replaced with a plate- or disk-shaped distribution

10 portion 670 having a pattern of spray ports 674 formed therein. The pattern of the
spray ports 674 may be modified.

It will be appreciated that various of the inventions described hereinabove
and as reflected in the claims that follow may be used for processes other than
those specifically discussed above with regard to the préferred embodiments. For

15 example, the means and methods for holding a wafer to a chuck may be employed
1o hold other types of substrates, in other types of processes (e.g., processes not
mvolving CO; or wafer fabrication). The supply/recovery system 300 and the
subsystems thereof may be used in other systems and processes using CO,-
containing process fluids, such as chemical mechanical planarization (CMP)

20 systems employing COs.

The foregoing is illustrative of the present invention and is not to be
construed as limiting thereof. Although a few exemplary embodiments of this
invention have been described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodiments without materially

25 departing from the novel teachings and advantages of this invention. Accordingly,
all such modifications are intended to be included within the scope of this
invention. Therefore, it is to be understood that the foregoing is illustrative of the
present invention and is not to be construed as limited to the specific embodiments
disclosed, and that modifications to the disclosed embodiments, as well as other

30 embodiments, are intended to be included within the scope of the invention.
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R
a2 R
a pressure vessel defining an enclosed pressure chamber
(410);
b) a substrate holder (552) disposed in the pressure chamber
and adapted to hold the substrate;
c) a drive assembly (580) operable to move the substrate
holder, the drive assembly including:
a first drive member (590) connected to the substrate holder
for movement therewith relative to the pressure vessel;
a second drive member (592) fluidly isolated from the first
drive member and the pressure chamber; and
a drive unit (582) operable to move the second drive
member, wherein the drive unit is fluidly isolated from the first
drive member and the pressure chamber;

" wherein the second drive member is non-mechanically
coupled to the first drive member such that the drive unit can move
the substrate holder via the first and second drive members;

d) means for providing a pressurized fluid in the pressure
chamber such that the pressurized fluid is pressurized to a pressurc greater

than ambient atmospheric pressure.

2. The pressure chamber assembly of Claim 1 wherein the second

drive member is magnetically coupled to the first drive member,

3. The pressure chamber assembly of Claim 2 including:

a first magnet (M1) mounted on the first drive member;

a second magnet (M2) mounted on the second drive member
adjacent and spaced apart from the first magnet; and

a housing (587) interposed between the first and second magnets
such that the first and second magnets are mutually fluidly isolated thereby.
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the first drive member is disposed within the secondary chamber

and the second drive member is disposed outside the secondary chamber.,

5. The pressure chamber assembly of Claim 4 wherein the first drive
member includes a shaft (560) connected to the substrate holder and the drive

assembly further includes a bearing (586) interposed between the shaft and the
housing.

6. The pressure chamber assembly of Claim 1 wherein the drive

assembly is operable to rotate the substrate holder relative to the pressure vessel.

7. The pressure chamber assembly of Claim 1 wherein the means for

providing the pressurized fluid includes a supply of CO; fluid.

8. The pressure chamber assembly of Claim 7 wherein the supply of
CO; fluid includes dense phase CO,.

9. The pressure chamber assembly of Claim 8 wherein the supply of

CO; fluid includes liquid CO, and/or supercritical fluid COs,.

10.  The pressure chamber assembly of Claim 7 wherein the means for
providing the pressurized fluid is adapted to provide the CO; fluid in the pressure

chamber at a pressure of at least 400 psi.

11. The pressure chamber assembly of Claim 10 wherein the means for
providing the pressurized fluid is adapted to provide the CO; fluid in the pressure
chamber at a pressure of between about 800 psi and 3000 psi.
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providing a pressurized fluid includes a pump.

14. A pressure chamber assembly (400C) for processing a
substrate (5), the pressure chamber assembly coinpriéing:
' a) a pressure vessel defining an enclosed pressure chamber

(410);

b) a substrate holder (552) disposed in the pressure chamber
and adapted to hold the substrate; and

c) a magnetic drive assembly (580) operable to move the
substrate holder relative to the pressure vessel;

d) means for providing a pressurized fluid in the pressure
chamber such that the pressurized fluid is pressurized to a pressure greater

than ambient atmospheric pressure.

15, The pressure chamber assembly of Claim 14 wherein the means for

providing the pressurized fluid includes CO; fluid.

16.  The pressure chamber assembly of Claim 15 wherein the supply of
CO;, fluid includes dense phase CO;.

17. The pressure chamber assembly of Claim 16 wherein the supply of
CO;, fluid includes liguid CO, and/or supercritical fluid CO,.

18.  The pressure chamber assembly of Claim 15 wherein the means for

providing the pressurized fluid is adapted to provide the CO; fluid in the pressure

chamber at a pressure of at least 400 psi.
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22. A pressure chamber assembly (400C) for processing a substrate (5),

the pressure chamber assembly comprising:

a) a pressure vessel defining an enclosed pressure chamber
(410) and an exterior opening (567) in fluid communication with the
pressure chamber;

b) a substrate holder (552) disposed in the pressure chamber
and adapted to hold the substrate; and

c) a drive assembly (580) operable to move the substrate
holder relative to the pressure vessel, the drive assembly including a '
housing (585) covering the exterior opening of the pressure chamber so as
to seal the exterior opening; '

d) means for providing a pressurized fluid in the pressure
chamber such that the pressurized fluid is pressurized to a pressure greater

than ambient atmospheric pressure.

23.  The pressure chamber assembly of Claim 22 wherein the drive
assembly includes a drive member (560) extending through the exterior opening

and connected to the substrate holder.

24.  The pressure chamber assembly of Claim 22 wherein the means for

providing the pressurized fluid includes a supply of CO;, fluid.
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providing the pressurized fluid is adapted to provide the CO; fluid in the pressure

chamber at a pressure of between about 800 psi and 3000 psi.

29.  The pressure chamber assembly of Claim 22 wherein the means for
providing the pressurized fluid includes a tank containing a supply of pressurized

fluid, the tank being fluidly connected to the pressure chamber.

30.  The pressure chamber assembly of Claim 29 wherein the means for

providing a pressurized fluid includes a pump.

31.  The pressure chamber assembly of Claim 22 wherein the drive

assembly is operable to non-mechanically move the substrate holder relative to the

pressure vessel.

32. A pressure chamber assembly (400C) for processing a substrate (5),

the pressure chamber assembly comprising:

a) a pressure vessel defining an enclosed pressure chamber
(410);

b) a substrate holder (552) disposed in the pressure chamber
and adapted to hold the substrate;

) a drive assembly (580) operable to move the substrate

holder, the drive assembly including:
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wherein the second drive member is non-mechanically
coupled to the first drive member such that the drive unit can move
the substrate holder via the first and second drive members; and

d) a supply of COz fluid fluidly connected to the pressure

chamber.

33, The pressure chamber assembly of Claim 32 including a tank
containing the supply of CO, fluid such that the supply of CO, fluid within the

tank is maintained at a pressure greater than ambient atmospheric pressure.,

34, The pressure chamber assembly of Claim 33 wherein the supply of
CO; fluid within the tank includes dense phase CQs.

35. The pressure chamber assembly of Claim 33 wherein the supply of
CO; fluid within the tank is pressurized to a pressure of at least 400 psi.

36. A pressure chamber assembly (400C) for processing a substrate (5),
the pressure chamber assembly comprising:
a} a pressure vessel defining an enclosed pressure chamber
(10
b) a substrate holder (552) disposed in the pressure chamber
and adapted to hold the substrate;

c) a magnetic drive assembly (580) operable to move the

substrate holder relative to the pressure vessel; and

d) a supply of CO; fluid fluidly connected to the pressure

chamber.
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39, The pressure chamber assembly of Claim 37 wherein the supply of
CO, fluid within the tank is pressurized to a pressure of at least 400 psi.

40. A préssuxe chamber assembly (400C) for processing a substrate (5),
the pressure chamber assembly comprising;

a) a pressure vessel defining an enclosed pressure chamber
(410) and an exterior opening (567) in fluid communication with the
pressure chamber;

b} a substrate holder (552) disposed in the pressure chamber

- and adapted to hold the substrate;

c) a drive assembly (580) operable to move the substrate
holder relative to the pressure vessel, the drive assembly including a
housing (585) covering the exterior opening of the pressure chamber so as
to seal the exterior opening; and '

s)) a supply of CO, fluid fluidly connected to the pressure

chamber.
41, The pressure chamber assembly of Claim 40 including a tank
containing the supply of CO; fluid such that the supply of CO; fluid within the

tank is maintained at a pressure greater than ambient atmospheric pressure.

42, The pressure chamber assembly of Claim 41 wherein the supply of
CO;, fluid within the tank includes dense phase COs.
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