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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 L chamher and..t he | ow pressure
source is at a ef%o\%?{?} rlessgirtleo?lt( an fE"P%ﬂ‘gﬁﬁ%gﬁ%“e‘?%.&%ﬁé8%’Pa?lHanto further

met hod enbodi riemtaticaflyt Aecqdimgbntlehmivg ahd Geating stk hadt fdiresliigani ng a

m croel ectronic substrate includes placing the substrate in a Eressure

chanber. A prSQE@EIRANT With HioaparoRgaRehsBisTissad colvents 19 pithes rasbwithnt o t he

f Eg”b er such thabe WNRoINEAGRISdikpdtsd eSAMBCLSvapBR-SHRR A h thd QbiPE ERY cl ean

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




20 substrate. A portion of the process fluid is renoved f?gnplcﬂez'gﬁanber.
The portion of the process fluid is re-introduced into the chanber.
According to further nethod enbodi nents of the present invention, a nethod
for cleaning a mcroel ectronic substrate includes placing the substrate in
a pressure chanpber.., A pracess, f.luid includjn ense phase COZ is introduced
into 25 the ch%@é?“%’ﬁ‘@ﬂﬁé’i?a?u{lﬂ%a F%%@ggmppgﬁf i A uphae herseseat e t o

t hereby cl ean fii@ substrate. A portion of the process fluid is renoved from

the chanber. The portion of the process fluid renoved fromthe chanber is
distilled to separafiécardingfte diibst tethod smbordmings afthe hesqnt doessor, laui d.  The

separated CQOZ | Sar gl .into the ¢ er.. 30 According,to further
met hod enbodi n@%%hs?gg{?p‘tﬁ%ag’% Egg‘ééﬁ e qiPBHG: 54 %@%ﬁ‘?&%ﬁ%@aﬂ}% %@Fﬁ%maa

m croel ect roni presubsthapiter.i AGrosteslGieanhdify defBakdeat®, sBpRyR] QA6 %
chanber using a _process fluid including COZ. The used process fluid is -2
290CT 200431113@%%‘&1&Fh%%hgh%p%éggﬂ@mb@wd@@ﬂymdg@palrc’ame afrom t he
used process fl.yitd. Kk 2 1§ Ieus i.n the process chanber or a
further pr ocesisegéct%é)r?g%rﬁ-‘.éﬁ@%é@%?ﬁg%n%%gg%ﬁgﬁlgﬁbf the present invention,
an apparatus for cl Aarirdiggao firteorktot eatbodinsdnissftaé prebdit ini@desorn apr essur e
chanber and meanﬁ E(%é'ifgl rcul ating a process fluid including dense phase COz

t hrough the ch Pl MERee oS Ibstrale telisiss Bovidinghe substeiedne. The
-apparat us foIr t Defesdé LR OBRRS Q! proRAN haid ; h whi | e
the process fl u?dsi s bei ngrci rcul ag?irépé. A%?g%ddl?%%ailtﬁg d?ﬂs%ts@g%f%b gulgrr%ar;[ts of
t he present i nihesubstrate ianxmppdtathe €ho he ipbaseiofgheaCOh trayeli@dy mostiudated
substrate usi racess~fluid, including dense.phase. 10 COz incl udes a
pressure chamn%at%’%ﬁ‘ﬁ:l@%%‘ﬁﬁ oV “'%’B%"rgfw ?%‘Bépﬁ%%/ FriBapPSEads f1 uid
onto the substbaiveed fechanbharbalow Fh@s@pRauad, Ushd wpbﬂ%fc%i's'dﬁ'@ﬁi gEANS for
cyclically nodul ating the phase of the COz. According'to enbodi mer%ts of the
present i nventP®iuraihan gipahamber andrihelosapriessyreasoviesrio el @otweopiessiseisnr at e

i ncl udes & 4r e§l§%5n anber containing a 15 process fluid including dense
phase COz. A supply of COz is fluidly connectable to the chanber. The

supply of COz is atAecdidighes fipthesmbthed thdadinitLdrandpieserfidveMiid, @ssur e
source is flui d-Iépagnn?ct able to the chanber. The | ow pressure source is at
a | ower pressuPg OF Yeraingramrisareleqtopichubytate icludes pleeing sesubpestain 2 t o

cyclically nodylLal _ i : ing COxz
20 mass fl ow S%Hte\/vetugen‘gI-JtaﬁgJe g u%g’f‘;s/ge%% %?\%H% E‘%%S %Q%@%lgén@&hgé&;%{q he
chanber and t hthe kbamparessiuthet hopraess fAdd oomthdig tHeGubsthndionatsy cibart the

present inyention, an,appar at for cleaning a m¢roel ectroni c_substrate

i ncl udes ?ﬁpr es?g’ﬁt;raé(e'cﬁéﬁ%é n%#fge Br0§%&e%£5fre@°ﬁ%%@§hﬁf thambper-idepgrtiag dense
phase COZ fl uighile ﬁfb@@@ql@&jist@-iﬁﬁ&lu@é@ﬁﬁ?ﬂﬁcﬁ‘cm?lﬁerqi stilling systemincludes
a still fluidly connected to the chanber and operative to separate COz from

the process fluid. Fpeordingts furtbagmsipod embodinmpes aftthe presant imientiorpduce t he

separated COz | e chanber.or .a further cha r. According to ,

enbodi ment s oflhgt%‘gd %gr}e%een . 'anr\l/né:ﬁ?ql%zﬁﬁomﬁr‘lgugﬁﬁg? ’é’f’nﬁ’geﬁ C1gg él}ftﬁ“ﬂﬁwée na

m croel ect r oniresufisihaaiber. | Apkadesiiad PMRCRSS dshaphak @tgms fhtRIdGePind)
process fluid incJuding COz and neans_for renoving used process fluid from

the proces® cHifBeambersieh halihe arasessriinid pentagtpthesgbsiraetartbertloy clsaptieat i ng

COz fromthe o] : i BRE ni e ni the s rated COz

to the pr ocesgs%g gﬁ%e%%%?n% l}g% ﬁ{e&?e pr oc?cglssgg%lﬂg?é)feﬂémft%?qc%u%gléqu ht use. -3
portion of ”;he process fluid removed from the chamber is distilled to separate CO,

from other components of the process fluid. The 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




10 di sposed along the | eak path between the inner seal ne?rﬁeacangbg he
exterior region to restrict flowof fluid fromthe chanber to the exterior
region. The inner seal nmenber is a cup seal. According to further

enbodi ments of the present invention, a pressure chanber assenbly for
retaining a fluid includes first and second relatively 15 separabl e casings
defining an encl osedic® & craprdizgents gf the|persrntgayentiont pracesy chambart he
chanber to an i B i r. | i d-along the
Toak path torostr kot pfilre RRhoRs RueRAR By S RAEGE ey

regi on. An outwessed efinavmrdhembers THespbsatk aldsrtat heothhalal pat bndekigen t he

i nner seal nenper and the exéerior gion to restrict flowof fluid from -

‘
the chanber t ?Iﬁé‘n%;(eta_éPPQﬁse BUrfasgs- ohiie : SFﬁ?’Fé‘rm%@tedrﬁéﬁﬁﬁ?oﬁ@ea cup seal .
The inner sealsuBRRE" Al Ra@$ARIAHILP vERSEtdrd récak'\ﬁ?i‘fggf frbh Yhéhebd Qb 06, £ amber
to the exterior region when a pressure in the chanber exceeds a pressure of
the exterior rredialiy withirespeat terthemedtionsldyes The impheihdrednd & apestive et f | ow of

fluid fromthe exterior regi. to the.cha when a pressure in_the
Chamber 1o | ocetid Sent el Bel CRurORT g hyteblo Be kv arhe 1 o
enbodi nent s of whdaahok@satte Holiee irbfed ol tﬁé%&aﬁoxﬁgme&e@éﬁﬂ?ﬂh& for

processing a substrate includes a pressure vessel defining an”encl osed
pressure chanbdpcespchamber pasembhovingdes spldiadiosilic impellee vpres ssignding hanber

di d . ive. LY. bl
The subst gt o Rty SehlRe i SHIR gy SN FuR RSB pioBRRUA BB,

connected to the 30Asuhdihg e furthed @ﬁodﬁ@éntﬂﬁﬂﬁ@?li’éseﬁthﬁ{r@%hm fBk@dit ve to the
y

pressure vessg}l%c?n% a second drive nmenber fl ui i solated fromthe first
drive nmenber &

& Ysr g g wibstraiprbes a ropetignphaxiyanid furthergpelndasi feont androve t he
second drive ng Y Iobt bSef Lt il y. i t fr first
drive nenber and 83%:%?2%%%@%2#%%%@&%?aﬁéytehz(gglg’@ %%%%%gn l[dri ve
menber i s -non-least hemingzlleyvaeepteads tearwdidlyffions thedeinvsarfaanhriradidtih wifhat t he
drive unit,.can nove e substrate holder_via the first and second drive

t t

menbers. AccorGiHig P40 WAGR B ollisBIREUCToRnE HeORSFAE I BTISTANE PEASUIR
pressure chanifedasabldind @mold HEaaRkAR © 1RORLEAL RolBChHEPR: SuliERs U ©
vessel defining an encl osed pressure chanber. A substrate ho dar s
di sposed in t H@ldsr ésmotated divabiberotatichal sxiadBptfadblyothh alibtiatechcddep stdhades. A
~magnetic drive s _operable to nove the supstrate hol der relative

to the pr essuraepal @%@524%%%%@%{ wgee SXWH%%E‘?BI‘@?FGBH?%ﬁﬁ%m@f S"ngée EJ‘P‘gsent
invention, a padiaBynethkOspebanties roasiopikis, for processing a substrate
includes a pressure vessel defining an enclosed pressure chanber and an
exterior &fening i Mering tonelind embpdimenistof thehpregone ventéon h areiend, for\
substrate hol ] i ! cha r and.is adapted to hold
t he substrat e%{&tlggfggﬁggggeg{rﬁlﬁ% a%@ﬁg%éﬁggﬁiel%?g1 v estpﬁ%wglﬁg&spgﬁg?%ol der
relative to theldereShenesireisdelder inotudds frugt gseripposcdahifiliedg Tae Honhousi ng

covering the exterior .o ecﬂi nsEgJ of the pressure chanber so as to seal the
exterior openisﬁﬁ..gce,&é@g? Fhie TBPEHsdibatites Afrleashenginaredist vanetiion, a

pressure chamgsrwasfe whymk ik Y88 eanRY ‘ eat er

assenbly. The ressufe vessel defi r?es a%ﬁag c‘?gggﬁﬁgﬁéﬁg%r&a%@%ﬁg?d heat er
assenbly i2Acl substipteahaldgls tattd abadit $posetional axisesuch &bk impelldrrues posed
bet ween a surroundjn ortion..of t ressur essel and _a hol di ng vol une.
The guard heat®FF Sgé’g‘?)qts'éra%fn%er ‘EWF f‘%‘ﬁmﬁ t?ﬁﬁ%éﬁ%ﬁ@?‘sga@ftoﬁ?em ¥4 ng vol une.
The guard heathetders 1 nsul ated fromthe surroundi ng portion of the pressure

vessel . According to sone enbodi nents of the present invention, the guard
heater 25 and the s\qcpulimgiiommndimeninobihe prasepriesative, vpssete defibee an

i nsul ating ga 2. P rably,..the insul.ati as a width of
at least 0.1 %:%%te éﬁgoﬁél:éﬁg&th S Srélgéﬁtgateg%%lgfe%?‘]?%&oqndtaﬁélggjfagi‘ﬁﬂgeri nventi on,

t he guar d3Reatassentds el yesseldefidasa predsapadhaiibet. "B silbkiRde ABIdEY AsémBlysposed
bet ween the guard, heater and the_surrounding portion of the pressure

vessel , Pref erBBPdes asybstyalg holdegrdisngsed g hepicppirerehasmbes| thesubsiateholdeness of
at least 0.1 mu.dh j 1de econd
guard heater di s%osgg%%f gﬁ%%ghgg%%?égn %n@%%%%%@gé% il‘}\gé]!r'\s% %eg‘lé%n

sur roundi ng peetindarycthatnber. phidsastpee wemseingansdgh erdadedifigd vol une. The
second guard heater is adapted to 29 COCT 2004

4.




control the tenperature of the hol ding volune. The secondzﬁuaﬁﬁ Hater is
i nsul at.ed fromthe second surrounding 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 nents of the present

i nvention, a process. chanber assenbly for use with a substrate and a flo
of  pr ot f veauBe Fotargoe b gy 1 .

of process fl uf P PHRICEHISD &Pt ihg syistpierholden and s segondamyi nes a
chanber. The sgHaabefBThEEornREiAARRsAE ; ]ﬁpﬁ erein
adapted to distri buete t'heoflow of ?oa?oééezggﬁﬁeflg?gegﬂeg%t e éﬁ ]%Errg%%ﬁelgn t he
chamber. The sPreaybyiatdiemdivgtedparthe frost wudfacodfrhe sullsonte haldef Agksdiveoloal axi s

relative to the vessel responsive to flow of .the_process fluid out of the
spray menmber tRrough the Iéﬁuf(g%gqmﬁﬁtggﬁopﬁhﬁﬁe‘ﬁﬁﬁry C?R‘élggrpray menber may

include a di stri but AesorBRktib ARtHePEhBEHIRENG of it frbdlut ﬁ@&tﬁﬁ?@@%‘smﬁé‘er ein,
the at | east one spray port_ extending fromthe “distribution annel to

exteriorly of ¢hEbspassgmbbiigerse Wish Thebstatelindudesanessprmya postratadyldext end

at an angle w p rotational, axis. . .Preferapbl the at. | east
one spray porté%ir%lg%d?%tgt&%ﬁf geﬁiéjie ée)£8¥es%ué? &%f’é%%?&bgﬁ? S@Sﬁﬁfﬂ %@eﬁéﬁ%‘hg’ with
respect to theincintled i sutstrat@siokier Tpospll ACES Présb@eRBEMBS SRRV tERJIAE! ude a
plurality of the spray, ports fornmed in the spray nenber. 20 A bearing nay

be interposed Peluding o surpenadapiad & suppert thes gtaielant o habsioguiefaling ave
o o o o ey iy S0 TR L VESASL TR, AL

enbodi nents of the present invention,

f1 ow of procestheprassute chirbar and st seedrelaiyneiantes A&t kpstaye @HReAnd fekdedi ng at
| east one spra%ﬁﬁﬁrt formed therein adapted to distribute the 25 fl ow of

process fluid °t HEOSTRERYIFALON Rebyran Sirafiene surfageco 4 wpstraserbeldes and
operative to r@tat®na léhalﬁbé@tﬁfe'cgﬁh?éctiﬁ%(g%ssé]fefiﬁgaiﬂ[téqetotb% Bydk8 ‘Sg%ﬂ{e the

process fluid out of the spray nmenber t east one ray port.
The spray nenb@bsigg whas thedubsira istondunted mrthe iannetrfacd of tie substdae: lafiddreast
one spray rt nding fromt edistri%ti n chanpel to exteriorly of the
spray 30 rrle%Onbe“rﬁ&(‘%Lﬁ) Rt IPEEST ot diy spagechdyp T C%@é{;@hﬂlaﬁibeén angle with
respect to the rot aAtm@ithhﬁthoﬁ’%ﬂ{b@&ﬁ@anoﬂtH@p&Eeﬂtﬁ%ﬁtiﬂﬂ% ARGV foPOr

extends at an angle of between about 5 and 85 degrees with respect to the
rotational axildinga subsigtedop spbomicheldein aypresswioshanrhyr inclodesdeoddipguar al i ty

of the spray i nber.. . The,spra nber . i ncl ude
a bar - shaped glﬁ%%gﬁe%ﬁ{@ﬂh% re%%ﬁgen,a&%lﬁ&eér‘gg Sf'lgs elaqigersaﬁ%%}vngsr&rogg?%g f or med
in the distri binthdmgmonbitorne hai¢retinatidialtis plehRrcispitry, thealefaEhyldencl ude

a di sk-shaped di séri bution portion, the at ?east one spray port being
formed in %he BFEEFBRHFIHS PrgRicd IReypPert Hig sebstrse. lind ababoeg Aerteg of t he

present i nventeghdafy GR{IE 8l 16RRLY LR PRESS bWk £:gq2 substrate

includes placing thé substrate in a c sse spray nmenber is
provi ded i ncl vdimgurEcationdstwesnshsforysurfacd offthe srdird® hbhier endithe T@npa®cess

The spr ay. mertGREPE" IO e o S ELanle suiatoHelier snch Bohe sivaie, ossel
by flowing theoRegeRssonhketin Ragef Ats@&ﬁ%r@ééuféqg%ﬁ{vﬂ&eﬁriﬂm&&ﬁaﬁ} | east

one spray port. bjects of the present invention be appreci at’'ed by
t hose of &rdi r@pybasthatds lawgrihanbe frst pfassure asing agiassiveotb vt fresshiegones. and t he

det.ail ed descriptio . referred. enbodi nents that follow, such
description being n‘g(?cgﬁ/lh?ﬁ @Etﬁérarfl?t\?}%d 8&?‘%@%&@3&'&%%&1}@%“’ Brief
Descri ption ofméthed raoldigsa Absiritg 4o & sdbstritedroledeka Efe@ﬂfr@ﬂhe@ﬁbe@%tﬁ%@r atus
according to enbadjnents of the present invention; Figure 2 is a block

di agram of a JHRHFSEAIISUBBISHCBN ReEHITR)aEPper efnsibiraalplderpasembly ist he
apparat us of FgHE&] theluding 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

-5




Figure 3 is a block diagramof an alternative chem stry s@p%l@ﬂ%dﬁ&@ti oni ng
25 systemformng a part of the apparatus of.  Figure 1; Figure 4 is a bl ock
diagram of a further alternative chem stry supply/conditioning system
formng a part of the apparatus of Fi gure 1; Figure 5 is a block diagram of
an alternative r cir atlontﬁ{i)ﬁ mng a part of the apparatus of

Figure 1; 30 Fi F0fthe Substgte R en s
reci rcul ation syshedbh HeSuBerde AL sazh rHeRRRARALUD. O o] Gy Fioure 7

is a block diagramof a supply/recovery systemaccording to e ments of
the present i ressgageony second preguds pRodded 1E|ﬂgweeorﬂiar3sclmnﬂ:renﬂmséc\mronal Vi ew
of a pressure tﬁ g@? assenbly according to enbodi ments of the present
invention in a er HS&%ESH Figure 9 is a cross-sectional view of the

pressure clsanber assethbing &f exﬁb@ﬂﬁlen@offheqﬁeseﬁﬁﬂvmhté PRssuld &iéhﬁaello is a

cross-sectional view of an up uard heater formng a part of the
pressure chantrsperaly éc%:ﬂewﬂéﬂg Fﬂg laclgdesHfingtang Smondqehtwdm seriegably easingef t he

upper guard he r S an, vi.ew.of the

guard heater oc?etﬁéi ﬁirneé:nfg)%clﬁcﬂagl}bgﬁ ﬁmé%quopsazh ‘§’§ qo%ﬁ m\r}P%W%IFbeatq over
guard heat er faoradtaipracgian.t AdOnef sé@&eﬁ%ﬁﬁ%@o%ﬁ@?mém@ﬂﬁo%sﬁagUr e
8; Figure 14 !ﬁp%ﬁ?ﬁttom pl.an _view of the |lower guard heater of Figure 13;

Figure 15 is é"ctlolﬂtﬁl%ﬁteﬂqrrfégﬁ@nﬁaww|S@€WII¢WI1h€h§ pressure
chanber asl%e”bdlypogé%ﬁ'oﬂgg%s}%k eﬂ:ailgyé edrPthe S B %%?T%%&FI \é% ¥ %%910%1%&1%52 i?al

formng a part of t chanber "asse ure

is a fragment dpyqzstmrfknecﬁﬁlwé fronethe ghamhbe t6 the esmior@égw_n gDIEeelml& sefdi gure 18
is a cross-sectio view of a pressure chanber assenbly according to
further errbodirﬁ@ﬁg?ltq)ﬁcwléeaé)resent invention; Figure 19 is a

cross-sectional Vi e%&&dlﬁ%wmw&nﬂd&%ﬁg oéﬁégﬁé%@{t IEQen%ﬁOJﬁJeEk%réo fur ther

enbodi nents of the present invention; Figure 2 view of a
chuck formng @a@é?ﬁlt aS©¢mbleé0me@srsugefhlhhmbmdeza&sem gecm‘[d ﬂélaguelg 19; Figure

cr 0ss- SectPonaBVE BN B Ee oA BF O Sh R WD D EHEDY | ne
22-22 in Fi guriBonZ 1116 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 23 is a cross-sectional, schematic view of a pr essuzeq @I@Jnﬁwlk
assenbly according to further enbodi ments of the present invention; Figure
24 is a top plan view of a chuck formng a part of the pressure chanber
assenbly of Figure 23; 30 Figure 25 is a cross-sectional view of the chuck

of Figure 24 taken.al.ong the line 25-25 qf Figure 24; Figure 26 is a
cross-sect i onaFec\‘?P%amﬁ %F%@%P@@hérﬁﬁé}y GOuRISHb {he é’é’dgﬁ’l‘?ﬁ@e@bﬁfﬁm her

enbodi ment s of tHaPhe o8 At chiMBDE RNubstR: holdS VThe2004nAis QLS 4filei S 2
bottom view of a spray nenber formng a part of the pressure charber

assenbly of Fi§gE®em6: Figure 28 is a cross-sectional view of the spray
menber of Figure 27 n alang the.line 28-28 of Figure 27; and Figure 29
is a bottomplan vi é\%vg% mg%_%g'flﬁ&?r ﬁ@hﬁ%@ea (95%6‘1 H{SSGPBE‘P’EW%PP@%%% ments of
the presents i nyleimitied BsseBblyadol pehcBRER! 4 RbkGHe fﬁIclﬁd@?a FREGE Q@Qel@%ﬂﬂigﬁ”t S

The present invention nowis described nore fully hereinafter wt
reference to tfelesed rasary chanbrrawi wstrate holdp is disposeidan thedpresshedihambers  of

the invention Thi $.41 [.on, na hoyever enbodi,ed i n many
di fferent for n@@ﬁ%ﬁgﬁouﬁoﬁ%%ﬁegég%#st‘?u i Vr?iatsﬁeéi“qﬁ%lst%r ﬁ"o‘ﬁdi ment s
set forth heremoye thetshbstrat¢ hede relabodiomaprsarevakayi ded so that this

di scl osure will be horg.u%h &n%@co lete, and will fully convey the scope
of the invention to tFBSRELRIYIEHEMAdiFENtDT ierprespRbinyemtinans piessant i on

rel ates gener atHamep assieﬁbﬁff(o?bfo%essﬁ%ea Sheanl ﬂﬁ%u%{as Léﬁeg%u'rg 9%8%%21 dglf}plinlgdfmor

m croel ectronic substrates (such as~sem conductor S Iat

subsequent to ¢isbospdprebaiwe ohdmiger afid bmtegriat @eniiclis Huidconheriefioactifoni C
devices, MEM s, NMEOM s and, opt,o-el ectronj c, devi ces. Renoval of surface
cont am nant s 2@e£ﬁe&S‘BSFE?IBB?fat%§J%FEMs R@?r isedispossdl infke prassui dheederandcui t
fabrication preegssed &Rk 1 1 [ R referred
to as "cl eans") iﬁiﬁt he fabri_cat%?p@ggggggé%gﬁg%%g@g% typgﬂseyof cl eans
i ncl ude pr e- di fubsEIt® Roldeeteintive e tetpresadeotssehehd drive pastblpslehelisans, back

end of th i t-efe | eans re-metal deposition cleans, front end of
the |ine ;e)llslas rrnl?:;mg?%icp??&g% © &R ‘Pﬁeﬁ]élglq e@F%&W hambgt sqrsde s hers

i npl ant ati on cdxeaite opa@ingost - chem cal nmechani cal pl anari zation (CWP)

cl eans. There are many types and _sources of particul ates and contam nants
in the fabrication PFEEEss to yreodimentsof e raprgntciorentionnaptessuraghansher

nol ecul ar, ionj I j e, . Ihe source be i nher ent' |
(e.qg., redepogails'? ?%1?115721?@ ?%egiasg? ?Sélg%%gigtep?ﬂ%g% %',5 atr%h?aﬁgr %Fe&bgg's ﬁ%?ﬁ??m%f er
transport). 30vebe dsfiidstan@hclostdarhambae CThesyistEREtd Akdembly BRIALS SbtRdt 0

Cu/ | ow k esent ew chal |.enges t hat, may be effectively addressed using
t he net ho aﬁlbea%ﬁa‘aﬁp‘&% dn e ‘g‘ﬁ@bﬁ’%%@éﬂ@rﬁ%%ﬁaﬁqﬁéwaWo@ﬁmgmoé}owfpri nary

pr B g |S em }[Mot 2 nttgg pidsaiis g&sgﬁl\rﬁnﬁignﬁugitzg vb 1*’%‘%& deAe RbreCH LiOpER% Qo en
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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29 OCT 2004 because Cu does not have the self passivating eBopef 12086 of Al .
Corrosion of Cu during cleans of dual danmascene structures can result in

hi gh contact resistance; undercutting and lift-off of the dielectric

| ayers, thereby reducing circuit yields. Additional concerns have focused

on the chem cal conpatibility of  t itional cleans with |owk materials.
As an exanpl e, C‘?Dt%.oﬂg? tﬁ@@ﬂaﬁé?rﬁé@? 513. 8 Yohre- afinecentaasd hrady iyas from OSG
and ot her | nor gaaed R 1ol 86 bidind AATEn of A3R&skTeRa. son! no. Aspect s

of the present invention may address t curren al'l'enging cl eans of
t hese new i nt er connédiuid yerag har myy bdmoefited anihe ghardMiegisr. eA kubswatedpidderat us 10

according to preferred 1Q.e diments of the present invention is shown
therein. As iI{nggt?él%sgas,e%tlﬂg%gﬁﬁgﬁ?ﬁFWO is adapted to clean a surface of
a waf er sulstrate SAcHIWRMES embbdiichis r(])@ﬁleapﬁ%eﬁﬁn@%ﬁfbnpx B%&Qs%gph%bék' I in

the art fromthe description herein that various features and aspects of
t he appar at us &semblydonservidsa abstrate bad a flomed fitvetesnfindyindiedassedsdeband

cl eani ng or ot j r ' f.ers or .ot her pes of substrates or 15
wor kpi eces. Ad%l r%%ﬁlgﬁbﬁgaﬂ%sﬁ dﬁﬁnegﬁpcpg@i%%"t e eﬁrﬁyﬁﬂ%gﬁfln‘gﬁéqs Ptin the
art from the desstonptpren pbefeintedithatinGabhedto GHPBARARE AoR b pRiBRSIAS
descri bed herein bel ow may, be omtted or replaced with other (for exanple,

conventional ) BAH¥ RGN the shambes. The swypy member Frupertive to Biatagbdven f or
exanpl e, apnaf s Lal such a ilicon,, sjlican
- oxi de, gal lloi,\ﬁml%gartgéﬁlfag{g I%gdt%gg Hrﬁé V\i\!%%gehgmﬁlzg Q%a gl g%’s(ffaﬁrsﬁ Pr§F7S>S/ %fda?*ﬁr‘)?v\or Kk
- surface 5A andthasprppusibey teubgt thati Rhdtynpbgaapoacksi de surface 5B. A

conti nuous or discontinuous ':?B er of ste material is disposed on the work
surface 5A. The wast® AP RaYy BaY @Cngﬁérdl%ﬁ“b‘ﬁ%t%’% igeludingacti ve i on
etch residue, Ghemicah cHRENARLER! tHRGL jea ki i o
i mpl antation residue. %5 The vvasf'e mat egrlioglgS]islﬁipﬁg%g%%g@gg%{é%%ed | ayers
may i ncl ude i néplganiien dranoelgankiericdno bl spray snesnheh. as pol yners based on
stryenic, rylic, volac, cyclic olefinic | efi c. anhydri de resins; etch
resi due ba@gd on ioﬂge %fleafsf %%rﬁpﬁaéipoé{ﬁ@% ?ﬁ@{‘%l‘aﬁrﬁnﬁ@w Teéﬁﬁcﬁ@tt%%md slurry
resi due cont ai ﬂota‘ﬂ‘@nslidxﬁs:&’r@ﬂ’era@ly;mmI@Qﬁcﬂﬁ:&?ﬁ?ﬁ%ﬁ@r@&d&fd@%a&%& slurry

[ 30

addi ti ves such as oxidizers, buffers, stabilizers, surfactants,

passi vating agehvesn kb and dydemesstsith isspactisi thardtathirl exis.s or ot her

agents.. QG her type i ¢l eaned or. ot.herw se treated using
t he apparatus incl ?d@n%r %S(%Phagﬁ%?rs%’%%bm “1&@6%@,?1%{1@ I %fprri%P‘iI%Sdevi ces,
and 3-D m cr o/feaned Bt the epray eembei. 2 29 OCT 2004 The apparatus 10 incl udes

generallyg@flow/p : m 100, a recirculation system 200, a
Y

rszg sure con%rol syst%

suppl y/ recdvery syst SRIEHOMaR by drBed betiieep die Ssaempmperrnd, thayrssy to
substrate handjioRereSist SotaOPndtfb oA, ¢ anber assenbly 400
i ncl udes a pressourg clharrber 410. As gf@é{u?}e e?r%&g?lgggsesﬁéhdet ail below, the
wafer 5 is held in Atrergngssinrberdnaindénentd 6f fheprgenicassaitiog, a Iy

flow pressure conir . em 10Q conditions .and applies a chem stry or
chem'-gtri eg (aql%%%?rgjf”é&ﬁ%u gock:! Oﬁ’oqr}l?h‘??{e? @?ﬁﬁ’ﬁm Efpg)@:sgﬂt,‘” pep Pﬁp‘ta%/ie form
of Iiquid, gasmeBe/iB¢lusiHBer Bhadtiohs ahraf éﬂt%rhﬁe@&émadﬁéé% di@ﬁ%ﬁ&ﬂé e of

chem stries and COz to the working surface 5A of the er 5. e substrate
handl i ng gyst difvsobpmersddluihente thamabetratsinghe chapbdrodat kyray mevdsr fshe waf er 5

to facilitate g i Ng. recj.rcul ati.on syste 00 M e used to
11 ter and rethoitdt B EAEEAR, ok B b Rl nais hes ragres e

suppl y/ r ecoverout s ticapra3(ersbip phrotsh fhbat REAGAS Spray posls and may be enpl oyed
to cl ean post-process effluent and,, optionally, return a portion thereof

typically, recover istriputien chppst Hietein, 10e atdgasTur ni ng
(typical | _ P9y e perat inelude)a distributien chppst therpin, 1ie atigasT

to the flow prgss AL r ki 4.0 gr B P system |00

i ncl udes a tank T‘{i}{agg%t al ni ng%@?gﬁe][ﬁgﬁh&ﬁ@e@gﬁ%.tg%gﬁ%f}%%tgtﬁ? 8 the Coz
in the tadk Timémbguref erably between about 400 psi and 4000 psi, depending
on the processes) t bagllexecut ed using the apparatus 10. The vol une of the

tank Tl is prefera CaptOng SPEY (ROREEaY fidensd it grangle viHreppestiohe chanber
20 410. A t enpsitadbsHl QxR0 Phéfda ' tJ { to the
tank TI'. The tenperature cont P%I’emdega\?/%@%ﬁggpﬁgﬁoﬁgﬂe@égﬁ%ﬁl%%% enperature
sensor and a sE¥eeRgbew I ansk8daghnss withirestecetochangeionallas.t enper at ur e of
the COZ in the tank Tl is preferably between about 0 C and 90 C, dependi ng
on the processes to be executed using the apparatus 10. The COz may be in
liquid, gas or supercritical 25 phase. A"%rurality of outlet lines L3, L4
and LS are fluidly connected to the tank Tl. In the event that it nay be
desired to supply liquid COZ fromthe tank Tl, the lines L3, L4 and LS
preferably draw froma lower portion of the tank Tl (e.g., via a | ower
outlet or a dip tube). The outlet lines L3, L4 and L5 fluidly connect the

~rN o2 v s L T Y LN T




-13 29 OCT 2004 A plurality of chenmistry supplies S1, S2, &8 acé¢ 2004i dly
connected to the system 120. Each supply SI, S2, S3 may include a single
chem stry or nultiple conpatible chem stries that are conbined at or
upstream of the respective supply SI, S2, S3. The supplies may include the
respective chem st riﬁs di sg}%%;g in suitable containers. \Were feasible, the
contai ners are prefefQH Y Hoep Hiskude aplwakitrd theosnary paitsiformesonkni ent
refilling. Thesghemegioet es provided by the supplies SI, S2, 'S3 may i ncl ude,
for exanple: water; oxidizers such as peroxides or pernanganates; acids
such as hydr of | uori &he spra¥ member maylinchideiadar-blrped distritutian pervantany and
tertiary amnes;_.10_ ammoni h oxide; salvents such as_ _organic

car bonat es, Ialcszef1 Sgrj?gg 5 pr@%PSﬁgg{r‘%g%%erdg‘?t%ﬂ@Wg%?n BUbPBxPdeatiyly.dhs,  and
al kanes; s f agidniRnbuchafmRldeaiqomabiiBisibatiol BHABH) £ORALUBAS composed
of fluorinated segnents and hydrophilic or lipophitic segnents; surfactants
Wi th si | oxane- BAREROIE beips hermed imthe dispdbwisiidorioror | i pophi | i ¢ conponent s;
conventional ionic -l onic .15 hydr ocar bon- based sur.factants; and
salts such as ammn%g%or@?lgéér) ﬁ%teh ngalbgﬁgﬁnﬁsequtﬁ?ﬂ?@ t“?‘ﬁpréorbﬁé’i‘ﬁtéﬂ‘?és are
cheni stries whapplyingh@rocessbiidesla OubsexR ae@edds 1R B HhGhte ik 8BFuhBL " act
with one another in manner that inpedes the process and/or damages or
undul y foul s tPe* ¥Sifr at IRE2vIBeRperjapryvided imlading esleatt onespapatt Biraed

chem stri [ j : . |, sensors. _may be provi.ded in
each of tﬁﬁg SE%%#?ESFP%I &BCS%Q(E% ? gﬁitr%l |%é£6é%tﬂﬁea%etq%asr%lﬁ ﬁpﬁlaﬁ%orﬁ%rgﬁlg’c? and/ or
L o provide ia nmblsﬁrati.oﬁhc Ismmtf) sten;beuisgoﬂat&dtabeutmrﬁfe?i%ﬁ?]l a&ﬁ&@ﬁtiﬁ@%ﬂhéﬁes&fﬂ "
eating coi r _j;acket. may be provi to control the tenperatures of the
supplies. A O‘Béf ﬂ&W%JP%B Offesy f@ﬁ%‘ﬁ&?%&feﬂf%}’ﬁﬂ@&bﬁ thipygh yhegyt eagionesprayos As
di scussed in n]?{rg detail below, the system 120 is operable to provide one

or nore controlled volunes of chemstry (with or without COz), which

vol umes may be condPbiceiied theypredent nysttemviilte sppeciaeebdy thoesfloidiang L2 are
each fluidly cgnpnected to the st 120 to receive, t vol ume or vol unes
of the ch(ca]|1r751y st%ﬂggl. '51%%5[ FUYRE cﬁJIH“i ﬁg‘fr%?qﬂiltg‘eéﬁtﬁﬂ?éﬁ%éﬂnﬁt@naofﬁ%%zl e 191
in fluid 30 coprefenied@tibofinvints thit TN EHEH HEsERAFRBEInS hrel T ﬂﬁﬁ{rﬁmg&k dd ne L2
is fluidly connected to a spray nmenber 190 in the préssure chanber 410.
Filters Fl an&l{Fﬂfeé?@l%YWP@ed inthe feed lines LI and L2, respectively.
Preferably and as -14 29 OCT 2004 illustrated, the filters Fl, F2 are

| ocat ed downstream of all lines that feed into the feed lines L1, L2. A
vacuum line L16 is fluidly corBwetBdctiptibhef fHedEawiagehanber 410. A vacuum
unit Pl is, operabl ﬁF'tO dr aw al full or partial vacuumin the pressure
chamber 470 t hr oughFighEe | isfeblpaisdiagmm ofpm aparahis pemrdipgyo pabediments ofr one
or nore tanks th@@%es&{t%ﬁhﬂﬁ;ai ned at or near vacuumat all tines by a

conti nuously operating vacuum punp. A vacuum tank may be advantageous in
that the pressure chignbe? isklflodagiapremenfachatédrysupply/@ptidoyingnrgstéle t ank
may be re-evacuated whil fer processing is occurring. If nmultiple vacuum
tanks are useaﬁénpwgfﬁ?ﬁ@o%f%eﬂwa@?%dggﬁgwet eir operation to generate
greater vacuum in tHigud ®&ABIBIENATREY orbhQltkhaties Shdnli it Pl
may be advant ageous for nmanaging the air (or g%i ent lgﬁe;sﬁli?ﬁlt/%/% E}cbg!d{g]o t he
system | Rleachstet ormigenart Hfehgprnpemtmseofdtigmrect; 410 may be opened and
closed to insert a .substrate., During..the tinme when 15 the
pressure chanber 4;%@?1? %%regr?ﬁg%lﬁ%géﬁgﬁgarﬁﬁgv HHEBE%UW{?*PFI’&FFEY ent gas
(typically, aisupplyAohiivieniagrystah f@mdnga?aﬂ@mtapggﬂaﬂg dfFe@quum uni t Pl

may be used to pre\S/FQnt this insertion of anbient gas from bui [ di ng up over
time in the processtIBRLR Y Hed drgrgmsd s altemativefeciredyicon sygteof foringpr ocess
fluids is accompli shed) a?eﬁu by tion line L6 fluidly connects the
pressure chanber 410 anpcPt eﬁ@s@@rﬁfi}m. Preferably, the line L6 draws from
a | ower p@Ption of Kigerel ssshioek dbgaherf aflifherAltepaandaicicgasosspghy tank T2

is fluidly connhected to the pressur hanmber 410 with a controll abl e val ve
V15 provi ded tﬂ%?@g&%&f%eﬁ?p@%&%ﬁg‘!‘ﬁé;% secondary gas has a hi gher

saturated vapor pr eggiFeE7 oK BaerBnera @b is an
inert gas. More pref g‘rﬂgm%, t he seg(r:rondaryS )swr::és&ﬁglslﬁg%ﬂp&rcgrd%to _
embodiments of the p

resent invention;




nitrogen or argon. Pulsing feature 30 A variable vol une devi CZ gopcaulzgae%
generat.or 102 may be fluidly connected to the pressure chanber 410. The

pul se generator 102 includes a chanber 102B and a pressuri zi ng nenber 102A
movabl e in the chanber 102B. The pul se generator 102 is operable to
generate a rapid degreasg.and/or increase (i. e., pulse) -15 29 OCT 2004
in pressure in theegﬂggg"sg?sea?‘fﬁ%é?o @%e“W(flé’fIEF%B?ef?lW’E%r@\?ﬁéﬁlyvol une of
the pressuri zi fAgomielentddndris 6&3&)3@%&%%4{' Pinla @B%aPobitidRsS the vol ume
of the pressure chanber 410. Preferably;, the 5(1)Jllsne gene gtlolr 102 i s adapted
to provi de pressureFigure? iip egestwstieonal siematfehopreprragembabasemblyafc| e/ 10

seconds and 5 e _Preferably, the pul se generator 102 is
adapted to degﬁr‘%égéeg%@(gp%ﬂ%ﬁgrﬁgg’se the pressure in the pressure chanber

410 by at Iseast | OOFigaie 1BM3dh dibusasefibbyiaf of ah PR haalke Wirm3da pst  and
1500 psi. TheS(?uAse mechani sm may be any sui tabPe mechani smi ncludi ng, for
exanpl e, a pi stidhe PisEreehampen aysemblyrofddgwest®r . a rotating shaft and a
connecting 10 rod, i i : y. ns, of ~an_ext ernal
electric coil, and/ ogﬁgﬁ; gg?ﬁ?%%ﬁ%%géﬁgﬁ%%aﬁ OF@%?P&E? cal ly
driven piston or diBighretis albotampla eielv of ths g beméd of Figeleam t he pul se
mechani sm may be pa];;irged gth valuing to quickly admt_ and rel ease pressure
to the non-process GEHE bt BAHFEOSSEPHMab e adovyerrusps bastesdorrHes ppaton or
di aphr agmiol n ang. SERAN BRiher LiEmBhAl fERIr e 15 tank T and a | ow
pressure vessel such as T2 may be tlul I% cofinected to provide notive force
for the pul se mechafigem Ipissthottomrplat aphreghy lowst phat heatwed liggre(¥30t  shown)
may be added such tjhat the. pul s cganber 102B.is filled fro ne pat hway, a
valve in this pathway ha lﬁé'm@fl%‘é%e > GREF-1aTHOtal T MRRYATY N@P"é&‘tg%weﬁ%’r‘ari ven
back to the preasbecass@iablperf Fighifyetghr ough a second 20 pat hway including a
filter. The second pathway may feed the returning fluid to the pressure
chanber 410 throug lﬁﬁﬁéwefﬁ@ﬁﬁéﬁeﬁwofah@mlfdnmﬁ@q)laetrhoﬁhsprmwserve

to preventizth [ qutg | @R ontam nants just renoved fromthe wafer
or parti cllgs chﬁgllrbgliges mlgytoggl%{f?é chanber, if a piston is used. Wile the

pul se -gener at or 10XFigerd 17 sstifaghedes peapsaiikadew of teRap kM2 Higues 1:0n t he
pressure chamber 410, the pul se generator 102 may draw from any hei ght of
the pressure chambefi8¥IQL8 53 e eetipnal viewiof gayesiiere gbambersssembtdy conf i gur e
e, Pul e  OenakBlAlng kRt drRNGHIAR GTndfiRGk RAEhEGD when used fo
facilitate processes utilizing two-phase {11 qui Fgas process fluids in the
pressure chanmber 4Igore tYisafck@sisetionalvienwd pardsawrelchiabdraesyntbdy t he

vicinity t he fer. lt. may,be 30 advantageous tQ nove fluid rapidly away
fromthe %bstafﬁ?r : JP@?T%‘QP&WEFSI‘%) 16 PrEsaRb IVERE nove it across
(parallel to) the Vﬂgﬂémiglart&gﬁﬁn%fev@o@ﬁ&u%‘f ﬁégip&@%kﬂxer@es{sﬁﬁfea“ve'y

e dis n

| arge pul se chanber may be used to enable partic odgel romthe
waf er surface cha@ben aseerelblziof FigsaedPcl e transport well away -16 29 OCT

2004 from the waf erg. revent. redepasiti.an. A relatively |arge pul se
chanber may al so beFlg{s"ge lgagjﬁ%at%ﬁnéﬁfﬁgggOéﬁfn%ﬁf)#?%ﬁwm phases - such
as from supercriti deigute? isquidhssoctBast vidw ofid @cl bf‘Fifhi@z@fhﬁie@al\Sﬁéve V6
are provi ggd to selectively vent the pressure chanber 410 to a | ower

pressure regi ¢ 8uEdr2as Figuge Pbw pressure tank T2 as di scussed bel ow, a

fluid transfer devifgey kG 1¥]as e FIURRTo) ere. Waste effluent from
the pressure chanberglilé mgi'}c esgggkg%/\on%lalbgcfh%{’ngﬁ?ﬁe“f%% FesEy bg’é)i on. In

~-addition to alabmnibipaceendvgto fthwestiedinem bhthepiessinegbarber 410, 10 the

line L10 and the vaBl.ve \/6 .ma){ be1 used in tandemw th the high-pressure tank
igure 24 is a‘top plan view of 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-




Tl to generate pressure pulses in the pressure chanber 410. T&i% Otdy 268
acconpli shed by raising the pressure in the pressure chanber 410 using the
tank Tl (i.e., by controlling one or nore of the valves VI, V2, V3 and/or
ot her valves to provide an open path between the tank Tl and the pressure
chanmber 410), 15 clggjn he val ve V6 nd then rapidl.y droppi t he
pressure in the pregfsg?rrgz?: A cgrl’onﬁijﬁw A SRR AgPH dovang & .Of%%e wast e
effluent nmay gpreb@raciabepagsmblyeofiBakre #6901 exanpl e, such as the tank T2.
Thi s sequence may be repeated as needed. 20 Chenistry Suppl y/ Conditi oni ng
System The cheni st r izaip 88 {5 werasirsecbenah giesyaftthesprapmembepef Fghee 2Toakerovi de
a selected floy,Q &%q&gr}%_ﬁ ﬁﬂg 'eg‘)ﬁ. dj uncts fromthe supplies SlI, S2, S3
u‘%p De tsed)”

(nmore or fewer s ies may 0 the pressure chanber 410. Mboreover,
the system320 may Biguep29 abd kottom plah @t yfel $prHOmEMBEr dcBErdRIoas TRy

t enper at ures and(ﬁ:g flow rates of chem stries or chem stry/ . In
accordance wi t FIPPEMSHES OEthe HrassBHVeRtioncertai n al ternative confi gurations
may be enpl oyed for the system 120 as descri bed hereinbelow. It will be

appreciated fromthe description herein that various aspects and features
of the disclosed enbodi MxaigidedBgschiptioniof tiadP@fereedBinita@livesdd or substitut ed
for other aspects gefeatgres of the.ec{ébog{?gents. 30 Wth reference to
Figure 2, a cheni st t§° BE¥H VI EBH 1D degeranpd ears fulbharenalgarilt i cal |y

|1 ustrat erh al eRgeidelth igaichdinpary ¥ aRngd On LA ferlcBenRBRAALS A0 A
fluid transfer device P3 selectively draws or peI?m ts gravity ow of

chem stry fl ui@vemianrase shavgwThisfineentioh enayulpyevesl betemtmdicdse many difRirerat

bstanti al | ' - 9 2004,.pr . A lLevel ing devi
195 ransures BB £ srobld nothd G BRI REES T e BonaRls S LTI
vol une of the eiteritbéseyenitodieentielrt pervedbdtse thiehiPURSRYNE val deBRrodkOngThe

fluid transfer device P3 nay al so serve to determ ne the volune of the
fluid in the re3¥Rs: %ndmnlla‘iﬂlﬁﬁ%fem@ hpe of thoinvenvenytly thhes stdleddette3. The
chem cal agj un%_ in the reservoir may thereafter drain under force of
gravity through a conditioning unit C (as discussed below), the filter Fl,

and the line LI int®hd presqnt essnticn rehwstgeﬁerélljato,%&re&lm@!tﬂev@éavn‘crﬁ@z (e.g.,
supercriti cal %éS&;% I |‘g€| d CQz, é)r conpressed liquid or gaseous
cz) fromthe ¥ i Gelgeirotus supsiralgs (such areserncqndaetoy Hibstrmes)durisagh a

i ne L3A by opgmadduehk t@fth@m)@lﬂ{&;ﬁﬂg% : ' Nl of: .t-he adj unct
and COz is therebyqudel ivered to the pfrlé\%egfja?ezﬁﬁcgﬁgg?lg}ﬁge%{rﬁ?lgSaﬁg%he unit
Cl, the filterMEM saMEQMe ahd pptotdicctiichielices. hRemoefl of snfee tconthindnahes 2, t he

system 1204 i s_.ad to _deliver.a.second flow of chem stry-confaining
process f%)l d gq%ﬁté&gart%sslg ﬁﬁ(gy SRR DL Diseratef ey fabsicaien Erp%%s-i WE%‘?TEG%’%Q
chem stry fronir@osdidniingSdepdit6timios] €@ PR 1 MaBs Wik MhelGiSHBR! Y Sl -

The system 120A provides a flow path for the second flow that I's separate
fromthat used™PeRsst hie fitfezemt fypsave! dipans decdedecpre1doffingiert Hednscifromtend of 8went s

P4, R2, 122, a¢ CQr ' ally.to,el.ements P3,, R, .122, and
G 10 the sant iecal dEREAC B8 BRIETR bdyer SR e AR 20
chem stry onl ycletns gfaontend oéthe line plEAR st badiSeddr sMsd Elﬁe{@gmygﬁ%gﬁﬁf_%gi r R2
via P4 an%st hen hrotlﬂ%gthe conditjoning unit C2, the filter , and the
line L2 t ™t he Faddinelcans abrost themisal mechanicylangnarigasior (QBYP} tleansank Tl
may be introdugggs | rRardy F MU L] . by, operati on of
a val ve V1B such t%ﬂgt th2%%%3?g%‘%@%@%@%@&*@%@%@&%ure chanber
410 under pr esfebrieation PratiespurBredaftini¢shmd cohlatibianat @ay bhsolizealagfiotibe
circulation |i ne L6 to retur na'ggrro&%ss fluid Lromthe pressur e, chanber 410
to the reservdl TRETEPTE Ry Cor D8 SYFESTAY 8 dhlrerdt &ng s BISPORHIN Kt ur ned

fluid my be regiyedeminfic i pRRGAD T O AFanssYSe 1 n the process. A
further filter (not _shown) may be provided in theline L6. Wth reference

to Figure3d a chemheshift slipgrgmoestdisteonshif foys 11520 Wlow-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,

-11 -




30 according to further enbodinments of the present i nver?tadﬁl[llsZﬂ%om
therein. The system 120B is particularly well-suited for delivering gaseous
chemi stries. The system 120B corresponds to the system 120A except that the
reservoirs R, R2 are omtted and high pressure CO02 is nade directly

avai l able to the conﬁc‘j‘i tdi oni n% units -18 = 29 OCT 2004 Cl, C2 via |lines L3A
L3B and val ves "SRRGS dQasgot 9"%%%?%1{'?%1"6?1“8 p@pettigs of Ak dpetesiongediwe P3
(or P4), the systemidLRBr el | LNC - ( h.the
condi tioning uni t@%é (or %l%ljgﬁig@{éﬁg ?ﬁ@% H%Itef‘gf#mr—}géh g%%acﬁ E{S%yat%ﬁ%
pressure chanbenrdegagtinghndeliitatt of ¢heydickttgh Ipreess sherehyGeRucirgycikeitatded to and

ixed with th istry Sl in.th i ondi ti onin it O,
S s o AR Gl R Torisod o e Priicab ot iy 6f RULERAS U o
chanber 4105 maylehe maw-ﬁ%d@eﬁm%%ramgm%gﬁ, f oV, d%lt%ﬁnﬂa §H Mk éﬁﬁkéf ough

the fluid transfer device P3 (or P4) or measuri ng e volune change in
the supply vesSkmstges ggs figpm Ofeand etherinomsiic spineheditlstiric d8manelies vaOZ t o

t he condi ti oni its 0.C2 |l so be ntrolled to achi eve a
desired ratio 'g(?s'%é't%%ceﬁ%%qs erlire?eﬁpﬁlﬁ’ﬁrﬁm%%‘gﬁ?ﬁﬁéhwqe@ Yélélﬁgégl@ﬁarrber

410. Wth ref eclemseftitesEnguriftedton@ece h@tEnst ry suppl y/ conditioning system
120C according to further enbodi ments of the present invention is shown
therein. The syst emMidoefarence iBiguge 1) 4 apparasusshifeaccordirigde pREemogskr abl e t o

sel ectivel yy dr t.] : h.of.the s lie |, and S2 as
wel | as thIéD su%%ﬁhﬁﬁgﬂ% rrg%lslﬁlrn gé%qggll@%%gef%dﬁ?@luﬁ(%?itlilfi ne L3A and
val ve V1A). TherpdearicH) BSdimed scl¢dne sehocttowahe it 5t awahr 3 will

conditioning upit C3.and one or_hoth of the filters FI and F2 (depending on
t he operation fg? ARPAY %‘%ﬁét ﬁﬁoiﬁ%@i 1 Etdﬁéfomﬂvédemp@onéemrﬂhm@%ys

injected into fhRrd BARYP&RCITIRDGIafbt® - Lanally, CZ
fromthe tank Tl may beglga(_:lded to&{phe se#gg}?{a%g{:hﬁg%&%??g yB I nit)ér?(g‘gﬁ%%ng t he
COz into the cemuicdifordlerpingyrotigdwirsitregtingeafersner dtidB tamd of kebswatever VIB. | n
order to pyeve i Xxi.hg, 9f...t he inconpati ble chem stries Sl, S2, COz

(pr ef er'ablolys,e p‘tl:ﬁlé)rel'{rlg1 8%23\841?8% Yhis ngr??ﬁ aﬁﬂ’re?lgteaﬁﬁ'rt%%ﬁ@ gitlin Shegwt Fore the ne
L3A to flush tdschiptitinchersiatisd hricle\oaoRS Al &O8 & arRi-Rde flow
path to the pressure 25 chanmber 410 I;h%ar ed by tﬁgatsm o emfu:értgf;nyge oWs.

Reci rcul ati on Bpgbeamtd graenlpeed vt eherdfortespmpROcomentiniat) cmpoutdtetr | i ne
L7 fluidly co t ower portion of the pressure chanber 410. Lines
L8 and L9 arerﬁﬁﬁtaggﬁﬁﬁpﬁﬁﬂgl y 30 connected to the line L7 and also to the

feed lines LI and LPhe waspBaidy\te| for expsple eawnRf of Senitdddubios nfater@Dich2. A
fluid transfer device P2 is, pg;ﬁ\ble to draw fluid fromthe pressure
]

chamber 410 arff $HESHHE Pft HPGugRidenete| (Thesvale Sdimd alsobsiandialiyt | mat el y
SERHTE S S R R

OCT 2004 nay be combined with other oWl
(e.g., fromth& ceytituem oPdiseomtihosusilayemof stk intaidl & dispdsd) on ¥elwek V4 and
VS are provide 8 and L9. The recircu] ati on system 200 may

din e i nes )

serve to provi S&ﬁtla%l%%‘?t i ﬁéi‘faStF:T%ﬁeanW R driea ot Rhetpesaist seacke inafeidh sur f ace
wi t hout requi riesiguddérhicanabcHagRMlisRie AFa RN/ Rk BREH i
i ntroduction of new COZ and/ or che%i str 3g/ Mor eover ,1 t Eljeﬁblr%}el{ca%?%u%é “Fon
syst em 206G nmayl beevaste matesishinitheefosimentibeahlayes qay ifdlidesinpredhietar lokganty
separate co ity, nodul ation) th rocess fluid durin
: hg ol eani ngpgag%gggmg QR ggf}ﬁ{erybaseéj on gtryemc), acry 1c,pnovo ac, cycilc oleﬁnﬂ: g

maleic anhydride resins; etch residue based on ions of fluorine, chlorine, bromine

or iodine; and 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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10 An alternative rebi'rcul ation system 200A accordi ng toZ2th§{dr ¢ant
inventi-on is shown in Figure 5. The system 200A i ncludes an outlet |ine
L14. Return lines L15 and L16 fluidl'y connect the line L14 to a
recircul ati on nozzle 193 and the spray nenber 190, respectively, in the
pressure chanmber 410. A fluid transfer device P6 is operable to force fluid
fromthe pressure (l:—ﬁléerﬁ@ﬁraﬁwotlﬁa&} rEepeplly e dlowimregsyregoatphertennt®, ehe
pressure chanbggirdil&idnyoesizoohs s l& fﬁl&ﬂ bot el er 190.
Val ves V7 and V8 are p?gvi ded fo &etsr%%l eoge??é nat ?’ng’ aggfsl%véaf%mg?%)l uid to

t he spray nentasseroply 488i andid sibstoate haxiline spsten 560 (Figusr®). (Theprasaded back

fl ow t hrough trif nozzl e her alte ive recircul ation system

3anA furt
200B accor di ng’ ang%%ss%rpélg(e%p l%gcgeﬁ\?é]ﬁ?sls'é‘ﬁ 'gt% Hotl: i dscysied 1B2re3KE system

200B i ncl udes @aiDbd]bw] tht Waterl530 hblduh HeVpre QIR BENBE 410F0PhBeSNME. GRamber
410 to a still _243 (having a heati n8 el ement 245) through a tra%sfer system
242. The transf@y/pespsure gopng spsemd P sondidonseant epplisseanhefistn drivhemisessur e

chanber 410 fr i i t 2 0.~ QUi conmpressed |iquid, or
supercriti cal @%ir%‘)%“?%ﬁ’gﬁ@&&?ﬁ%@‘%ﬁ%&%?ﬂﬂwg‘% fqné]nn@héwl §a%9§‘?/8"m 242 is -
al so adapt ed tsmppresitiea tflub(Scldoayy, afd/éd dinbsurk P BhdoiSret hid C24% e the
pressure chanber 410. For _this p‘gq[fgose the transfer system 242 may i ncl ude

one or nore shYPKEIESWArs, 34 of s weioh e [hpsibette handling sksternf500 heldadlst e
stream from t he R 55484 ” [ N TUIIe U [ fer tem 242
may not change the fﬁlﬁ(giogng@ ’gloyree%gf@gﬁgﬁagﬁlﬁt@tetug%@gﬁ?%gbﬁ he 30
fluid (e.g., ustinglaionegstem 200 nodyi bd el to filtertdne ravast gosdsk @ain thrlgsm t he
pressure chanber 410.is.a essed liquid, the transfer system nmay
provi de a pred¥tFEY Wﬁﬁ?ﬁt&s}m EOYRY wetem 300 supplinsdhgaropess Ayids
orifice, or comdmdy Nadm dlbe1dahasi ' ude a
tenperature-al teri ig el eﬁéjrﬁ. | f t%e m}ﬁég%¥§{f&%ﬁqﬁ@2@%m§g§,%ﬂg%o4 from
the pressure dieangeterrod(tysicalls mrevened CGehlorffimhe us¢ nehe apmrgnei®r ably a

pressure l|i@t-down I SCUSS bove as well as enperatuyre-al tering

step. In tlg’i s case?ﬁfrgm ci(f/abegf?on RS TRy Gonjiol 8«‘@2‘?’?38{' @ng%at@]b%qtmb fluid to

cross into theyztephamentluds HhGaT1 LeglRmOf Ot Bﬂﬁﬁt@ﬁéﬁs#%.agﬁéiﬁﬂess%& In the
e sti

liquid state, the fluid is boiled/distilled int _ 243 to separate
the fluid intdhed2dbhsdatnlsis preferaph betweempwneAlQ psiand HOWR psi, be

pr edom nantly&?gm i ent ich wll redom nantly
adj unct chem stry (%1??811 g{r%g]rr g‘ieﬁsg?;%é@%% g%&ﬁ%ﬁtugl.ng ‘e H8Y Se]rol?gg%pvéﬁlgﬂff may be
conveyed (e. g.of thytagk 8\iis ylefdrabla at leaytdl timey e selaaRlof Shespresiurdhamber The COZ
gas (i ghtzg))Z br eamis di rec%ﬁg to, a heat exchanger 246 via a |line L31
where the 4;‘ s A5 IPSFATIEE cepTRlieyiss may thespgitiveliicpumestaddn st tanle dder at ur e
and pressure) ik Ldd r SSi f.Lu ' qui d,
conpressed liquid %?e%ﬁ%ﬂ?irir@?iﬁ%\gﬁe %‘Fﬁ}a?f)fgfﬁ [ léaft%rgb‘%aé#%?eﬁ F(?lrgalnchzgndi tion
was |iquid, tHsaésgeaheraroayr icatdxgtanger.hEhd tehmparsire of teiCO24themnkddt ed to

t he heating device s 5. as to tr fer. heat fromthe condensing fluid to
the still 243" Rﬁgﬂéﬁz%ﬁggfﬁ’}}ﬁ%&?ﬁ%ﬁaﬁq - terea B8 PHROBGRoFF ©rbst f on,
adsorption, akse&ptd Gfing REBpEAERS I8P TRAT) MayHWViR1GRld, SRR AbdRRE- 9- -
centrifugal force) or electrostatic separation. The conditiohed COZ may
then be prdvi d¥d@back to additionally process the substrate or to process a

- subsequent SUbStratﬁphé%lﬂg%m%liﬁgsemsﬁiﬁ@%_&uﬁ}é%ﬁ?@%ﬁ%@%@étﬁ

incomng fluid (e.qg. m X1 Ng FESErvo

reci rcul ati on Bl shehe 26:0Bthani nke Ue&iesiréd)to&ﬁpp‘lk diguil CONEbRAUBYENRIT1, the
intermttent f]ow Qf the process fluid through the pressure chanber 410.

The mass fl ow! 1§y Lseldand &S peedpably drav feore p dowwr mgrtismod desstaply Trags pisr t i ng
parti cul at es RP r i he

e er) and or “3ens, SO PRECRLRD, THE BulluttOLR £ ERY LS IRER Shinsinber
surface. FhHe nensTi toschayistnesdpply/ emddioningodysemil 206 sctentitichlbndldstralbe mass
fl ow may be ful k}/ dri\e/ar%ﬂd% h .additign : g heat 11%n the_still 243 so that
no purmps or otR&EMEPELATE q‘{be 3t iRt %‘8 eV st Hechbranda eatlinces are
required. Mil Tipl ealéavEf v asyv8 aiFpradided & édnkrdl A% in %%Lneg;%hﬁﬂ gRgs 246
may be used to provide increased continuous flow 30 Each of the

recircul ation 1$£§Q5@ﬁﬁl\@b0, 200A, 200B may be enpl oyed to provide mass flow
t hrough the chanber 410 wi thout | oss of process fluid mass fromthe process
-l oop (except the relatively small quantities of adjuncts and particul ates
that are filtered or distilled out of thé3process fluid stream Moreover,
-21 29 OCT 2004 each of .the recircul ation systens 200, 200A may be

enpl oyed to provide nmass flow through the chanber 410 without altering the
chem cal conposition of the process fluid. As depicted in Figures 1-5, the
filters FI, F2 as well as the filter F3 are 5 preferably adapted to provide

o, o, o o - - o . o




pressure chanber 410 are di sposed upstream of at |east one Zigl P&d . Ziite
conditi:oning units C, C2, C3 may include neans for mxing the chem stries-
of the adjunct or for mxing the adjunct and COZ (when present) to pronote
honbgenei ty and sol vati on of adjuncts. The conditioning units may al so 15

i ncl ude neans for c tro t he te at adj unct or

adj unct/ COZ. Sui tab hjfy 03%&8'3}?53355 rsgcgéssrés‘“'? ﬁlﬂ‘ﬁﬂ@%@%?ﬂ &l i xers
and flow mi xi n@zste'ﬁemrmdhrsepﬂgrglr gj; gma}bﬁlcﬁﬁgla% éh%hpg 590G el Nt €r nal
coils, elenents, and/or an external jacket, for ex el ect?r cal

heater or a f| EATHD#A Cheusirpyiat aragombinad eichr utaeureaaxaﬁqhb eespﬂ@w%’hapﬁ[y ui d

transfer devic 3P bl e, of rately and
consistently ntgetfe%3§g ghF F%ﬁql gml‘%f' CE“&%%(E‘%&B Vﬁgmr’&légleﬁakﬁp?ﬁ?él%de

di aphr agm plinpsyitablerdongneps) "WhereQeasit]e B IcddTRS s afeQirefRXAEPASmY¥bhb S
particul ar arran%%grrent haye been il lustrated and described heréin, it wll

be apparent toPf wlogrlogydor Fonveniepkrefifling: hat vari ous nodificati ons may be

made 25 in keeping 0 he system

150A (Fi gure o). s non iRl 6 ed bD R b0 STOS2ESTIRY fictidt. I anet or

devi ce P3 suchexagile: twrterf bmzhzbrscmch h\s?,pdrmx‘i&esl.cﬁl pefmnglightatL£dcidsidnas! i ne LI .
o all ow selection of the feed |line

Val ur ng (not s%a/vn% Ey Lﬂie_'-‘d_‘prov
(i.e., or TP RO A S H o it FFP’ 3Es FMRrasshrondpRAnd teriatiagminesor wi t hout
caz) fr om tthe sHPBhMnohydrbQte; %ﬁﬁgﬂﬂs%uclf;z?srbfgﬁng’Qeggbﬁa%e%ﬁgtfyhgs €Lipgy or both

of the spray menmber 190 and the nozzl Ir ap arat us 10
may i ncl ude on&hgs, a:}mh@lseBréfnmes)ﬂhmlmph@/alkamdassmfaatantsrmbluﬁlﬁblatk| n-1ine

reservoir (i n m 120A one or nore parallel
chenistry suppﬁ? O%ﬁt‘%s Ot A &013% W%’t?tcohﬁ’ﬁ%%q dhropipated segmaenty #d he syst em
120B) and/ or ORelrephiti@dr lipcpRilRGE, ﬁ@&é SR St ke sﬁbx&ﬁ%&té é@ﬁgﬁﬂgy pat hs

that serve alternative suppl i es . €., as in the system 120 di tional
filters, fl ur daidrhyidegnbil lcder\,lﬂ@éhﬂlcrcé@é@wt% QQn\tﬁuhmai i@né agl nowi-tosicand val ui ng

may be propw ATCTte deli t 1 a flexibildit.

d eani ng/ PuI sr gCﬁl(I%r oceggaqﬁ%gehrg%%élrsa%fgsa% S FEHRE Y Eé‘é@ﬁ‘t gholingj ge

range of procebisespaitide eiemitthies wafchembtriad vithen, HRE SUm8imehaFbeiosdd R dr

subj ect ed to fluid str | s and_at m)spheres i ncl udi ng chem cal
diodsiq hathase,

" adj uncts, ek igR anpijex;iga oues that Bapddes the prodeggand/orgas,
supercrrtrcal ddriHodd or UG RILRGE g@ﬁr Wi se
treat (e.g., coat )ggt ?ﬁa vva?y er sur? %%yl(gor%ggéﬁpﬁgaﬁ#lﬁg%%par%%qf? 10 may
be used to conchgotistriesinoldde asidsliasdbased i n the fol | ow ng commonly owned
U S Pate Applicatio t he di sclos s of i ch are hereby |ncorporated
her ei n byrgroef er encgﬁﬁvﬁpﬁ% 7P n@lgftqerpe‘f‘fl m@a@ V\g&Féﬁﬁp ligy 5l $%t3dA Serial No.
09/ 951, 259; nnmemm@attaaﬁmﬁeeaétmmlw VIRESel: :
Cole, and David E. Brainard; filed Sept ergr%)er 13, ezgoolyté,ﬁ&g{ﬁ trtﬁﬂgglvm hods
for O eaning NIEsesel Meanonich aSﬂh@rfétngrceé onjechetGyat beplovidedsecdmaiittat i on

(Attorney Doc O indalbline 2 oYy, 4oat ent plic ria
09/ 951, 249: C KEhpbRnralH e Sl ‘be“%‘&‘ﬁ&e‘“ﬁﬁmﬁé’% PI‘R)E%‘JdPr?aaSE heSCiv
G oss, and Jos¥ni$3M DeSi none; filed Septenber 13, 2001; and tit I ed Met hods

for CIeani g Mcroe|ectronic Structures wi t h Aqueous Carbon Di oxi de Systens
( Att or ney “Bocket %8‘@‘?‘ sEnpore dejadt beloxy, diersysigpt 120dis ioperalderty atovids.

09/ 951, 092; i rah%r@,trgrcﬁ, dJARS1E 91“9% St ephen M
Gross; filed Sept errbe? 13, 50 ; a%%(tl t edgﬁg?lﬁ8§vsn%r C%Bezﬁ’bv\v/]ié1i Particl es
from M cr oel ectolwnésonst baicinditemed Ay thar syeiemDpok etheNoed WidsRA) and4.2 MeS. Pat ent

Application Seri 091951, 247; inv ors) James DeYoung, Janes B.
McCl ain, and &%hgﬁ%ﬂﬁ ggtito ff F%%elegz@@ptee%ethemlmeqvolamas fithe ed

Vet hods 1 or t haclianieso Tieffelbntant AXTAS, ol aang . BeboRaProfde O eaning

of Mcroel ectronic Structures (Attorney Do -23
OCT 2004 Pfe fcemr@wurﬁ@oaweﬂ)ethequclpmadmgtesthmﬁaedmaymas fuailty i ced |n

?(r: ;ﬁ;?:pcge\\ll\’: %@gﬁ&?ed 6%3% Rr nller:]rnv 1'98 in mgrp%ésgﬁr%%lhgm rhflﬂv%lﬂterg %‘1 a];lrld lf*”IZd

are provided in the feed lines L1 and L2, respectively. Preferably and as
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are operatively connected to a conputerized controller to grgo@iﬁaeziﬁ%edback
and control as needed to conduct the desired process steps. The wafer 5 is
inserted-into the pressure chanber 410 and secured to the chuck 510 by any
sui t abl e means such as adhesive or clanps. Mre preferably, the wafer 5 is
secured to the_chuck in gne of the manners described below with regard to
the wafer hol dilbgraied dhailies FE P urilopsted doopstenin 560! imisghatdeez3nto thite door
of the pressurﬁeﬁﬁﬁé'g@f fis thereafter closed and sealed. 10 Air and any
ot her gases in the pressure chanber 410 are evacuated fromthe pressure
chanber 410 t hr oughAtvhemdn tire L16 isfhiidly colgeckaiay Wi prossurd¥hamBet d1nal | y,

chem stry fromone or,npre of the supplies SI,. S2, S3 may be applied to the
waf er using th@%ﬁé%@%@ﬁ‘f}a\%‘w‘ééﬁm%Mmrwgﬁ@mlz PPIEHUI] 0

pressuri zi ng tHaPeLSRH LS et i 4 i
thereafter pr essuri&gid vvi-tu%B?:OZ (ep]?e'g%egf%ﬂﬁ?%ﬁgﬁ&%%?gl%% aﬁ??%r?nthe
hi gh- pr essur e merskanis.thired mrimbdiyed 4f bengr esemneatchiaihes byld Qontiguprsgssur i zed
to a pressure of %I |.east 400 pii[, and re%féefqeyrably, het ween about 800
psi and 3000 pUCTURIGRCTERRITY: A RSP AHUOReY B FYeRHEO e Bt eRaBer 410
I's mai ntai ned @amdes$lERhEHe bANIAERISFErbRIELS ARhMRBINGER ARQMes20 10C

and 80C), for exanple, using a guard heater” as di scussed bel ow. ce the
pressure chanb&hilywafer progessemie peeanking If heiligEt satuacth prkssansd, tepseyphase

CQZ is cirgul ate d h the line L2 to the spray .nenber 190 .and/or the
roezl o S0l iPHAD. dolhob ISR et B R T e PGt o1
surface 5A. OMl0dAdssYimechem stry, with or without liquid or supercritical

CQZ 25 mixed therewith, fromone or nore of the supplies S, S2, S3 may be
applied to the waf etheugchgmung FlHasy be adyantgpesiug foonanagingthe gir §yrstmahiert20.
The pul se gen e high- ssure tank Tl .and t val ve V6
are then used e%a%j %Fr 19 é@%& g‘? g{e%?%t%’ﬁc AF e%ﬁla@é&n%?d ia}ft Hrgﬁu?edbwge’i\ﬁr%emay
particul arly, hehepeped sel gesdraimert ififoardlont atshiesthitg DRiRsHe Hmetvdtly TI and
the valve V6 are 30 ogeratedéiﬁv’tth erature control of the

aggropri ate tenE

process fllai d)f Bresyire champiiee 440 i npepdbe shamlss may fgl wéh agibiset €35 ti cal, and
gas states. Prafpeall %), tA8iveR8sEIGHa ' i

supercritical and I?quir)d states in a %ﬁ;ﬁ@tﬁ%&%%ﬁc or\ﬁgﬁgépqlae‘{,beCPM
processes as dissé[opgrederit this nseiomob anpicoigrsdrdih Buil®ag epbverdine in28e OCT 2004
Application Serjal .. 09/ 95] , 259; inyeptors. Janes P. DeYoung, Janmes B.
MCl ain, M chad@PeeEs Mg asiRpesRe Jo ] SHesy imet the H’IBEJESSgﬁ{C]S%%er 13, 2001;
and titled Methosispliged eaning M croel ectronic Structures with Cyclical

Phase Modul ation (Attorney Docket No. 5697-451P), the disclosure of which
i s her eby 40ncor por o é8cHale knal/6 fluidbs enmects thei presseretdhambyr, 419eanditee

conducted. DurJ t 1 W th chem stry, may be applied
to the wafer &\%@%@é%%ﬁe%wﬁe henrg%%.rawggz aL rﬁgﬁolncoﬁﬁéet WwitT er from

t he pressure chhanber4l0 nmay be renoved fromthe pressure chanmber 410 and
recirculated locally via the recircul ation system 200 or 200A and/ or
recircul ated via theSpioRday@ad siophotank d 24y Snighy agrmectyh & e pessswef | ui d

(dense- phase QREmbadiMNGHS 2 888 t | 0 sure
chanmber 410 via the |ine L%O. Adsmg%e?g%s‘gﬁ%rgll‘/@\?v{l%%gvai&be@r%&gﬁﬁgi gl\%n from
t he pressdde cheordery gesthas @ higheembvetey vaporiprestine tharoCOs.SPpdribinythe

(i ncluding the pressure.chanber 410) nay_.be flushed one or nore tinmes 15
with pure i qﬁ%@s%é?@%ﬁ@ﬁ?'%??‘%@ﬁ%% ¢ SHYRNYATY S9his beiWRgoi ng st eps
of optionally m@paenicdargme or nore of the chemistries Sl, S2, S3 to the

wafer (with or without ScC02), conducting CPM and renoving the process
fluid my be repeated as needed. Following the final CPM cycle, the process

fluidis rem\ﬁgsiﬁg%zﬂﬁy onally a rinsing fluid (e. g., a co-solvent or 20
surfactant) i fromthe supplies SI, S2, S3 onto the wafer 5
(preferabl3g under XK easablevélummdetice sPfdYe FResr 102May JBuiRKaRSHERL hanber
410 and the process pathways (including the recircul atiion pathway) are

thereafter fl JSHEPIGISHF charyer #10 hhermalsegerersior 102 inshisize a sbiiubrrtl92Bnd
remai ni ng resi : ' i G [ iquid or
supercriticaIfﬂgﬁgFﬁ%?%Bg%gﬁﬂﬁﬁrﬁﬁﬁ%ggbgﬁ?ﬁﬁ%@§ﬁ%ﬁ§a$%%§?ﬁ$%§$%%ntaninants
from t he substgentretor Th2 i dnesthianiy gdearse-ahpisleleciddsamyl/dencresk ()] giled, but
is finally renmoved via the line L10. A final rinse of the wafer 5 and the
pressure chanmber 410 is preferably conducted using pure liquid or
supercritical CQ2. - -15-




30 Thereafter, the pressure chamber 410 is depressurized and 2 he0@hf@Bis is
renoved. Preferably, the apparatus 10 is operable to apply the process
fluid fromthe spray nenber 190 onto the wafer surface at a pressure of at
| east 400 psi, and nore - 25 29 OCT 2004 pr ef erably between about 800

psi and 3000 psi. The process na ncl ude ap the process fluid to
waf er using t e PEpsHse Idhegy ?SSPL@CP B 419 f@ﬁ};@i’ piegumghthieng

relative to t 2 spray
menber 190 or h@hi@% ﬁnr}é%gw?‘éégﬁ?&%ﬁ%ﬁepgﬁéggg%b e§t£e¥(ﬂ3]hSﬁE 510,
522, or 552) nm:sstueecrlmmemrmlﬂ'ryfewbmelnbpdemmmrmfid fupel Wwhesers fluid

may be provided across.the fer 5 b¥ feeding the process fluid into the
chanber 410 viH*¥Y%% Slﬁ%i)éq & 4t @ rgfe of pefwepn 2hqus 1 ryaly/ 18 secosdpand sheousl y

removi ng prsoce, t t he

[ Tne L7 Fhe | ok oLyghd; REAPEDIOIE fRlse B} 100R AbbEo docfRepfift - 15

t he appar at us hrease thpereabirelrt’meprasmdeheanimdn 430 bl anlehdir1 00 gbi, mhtbmefbanber 4I 0
at arate of at 2 m ab v the process may i ncl ude

si nul t aneous| y? rﬁ%ﬁ‘%ﬁ BYP%E"GB%A%?UF%@PSI P%ont ai ning process fluid and
sprayi ng the processhd ﬁﬂ&%@d‘l{aﬁisﬁﬂﬁay\@éﬁ{ ﬁitaﬁl'elfﬁ%aﬁsm'lﬁclﬁd‘fﬂ%gﬁa

nmodul ation is acconplished using the pul se 15 generator ow of the
process fluid erplgle Pﬂﬂ’ﬁ@l @m@iﬂdé@ adibgarregiuatyg, qaromaxmg@&iaﬂmndl hleomntmgl me as

the densi ty, nogdyl fer, b,and/ or may be

si nul t aneo)tg)sl yl%kib?&[ grclieuc Pt V%kfle PREs P%Sr‘ett 3&@5& rfch‘i%ll’ 9‘? o BE%

appl i cation of clehgedlBt phesnatichley G ALiCAIBSIRRY: ﬁ?ﬁo@@ﬂ/dﬁ%kﬁ &Rl & a

chemi stries. In particular, it is contenplated that the chem stries may

i ncl ude co- sol ]%b@ﬁiﬂém O PRERAtICY Sty %Mt@Ch@H@pmySbe pairgd caisialdng tns
et o 2t EmReRS LALR . bLANRR A3 ARG B! L4EDY ROQIERNSLOT | e

chem stry supply syste used T0O S and

i nconpati bl e cthercby tisplsingdhd jsletonfmarﬁmehragﬂ;ﬂ mBheeﬁbMﬁ&ht;%dmgh gekiwer
process c ong&a% i I’lddl fferent states % 25 liquid, gas,
supercritical)t {8 @H%‘ﬁﬁeerss%ideséﬁ'&uﬁ%§s P e tfecﬂm‘é]éfr?ﬁ@lﬁf‘é?ﬁdstopfp"dﬁl@f ferent

states to coexXpghivd ﬂrgé}grg{g rméM‘anmrﬁ:ﬂﬁﬁ% ﬁﬁ%ﬁ%hzdg@y provi de heated COZ

gas (e.g., fromthe tank Tl) to drain o conponents fromthe
cl-eani ng chanber f obuittblzarilvige §10épwwginmey Yd gided s@bhzhatshd puleathiantey, t he

appar at us may econda as_such as Eﬁdal um nitroge r.argon
fromthe seconlghz?b“JS/1 ?’Ll)l @?&W%ﬁﬁ& oac‘fﬁlé/ﬁll%g’és Yf@é@a?(:bﬁic@’g ‘ﬂ@dith

cl eaning step ﬂdﬁd nifyeBedafig ba diivers Back!ts RheteRuR dafibe! 4ﬂP‘ﬂh§Bu%hasecond
supercritical i s, used as_the primary process fluid during the cleaning

step. The Z&ppaﬁa&ﬂw walpdimgadilir ovhel gecnadpetiwey @By fee thy retusingsfiwdite iheal

26 60T 2004 ittt GaBidneto HiiRn MLl eibBe NI R POIRERF Pt s %
fluids used t Osedxreﬁplpw&npﬂhemmsmd‘ignfnh of eimtahihedts fusete@aVied Grost @B waldttorpr i or

to a rinse ste r cl eani ng steps using ScCQz. Supply/recovery system The
suppl y/ recoveri%rgta iﬁ@émtbéf’ ﬁﬁpﬁﬁﬂ?’naﬁ’é‘?eér recycl e and resupply

S L e e ey s
chanmber 410 i qu@‘n@s’émpmsemeahmnblﬂmﬂﬂsma pilse demamntyr 102may dfav\sﬁememsi on as
e O ot 5y e B I Y o B S BRSSO
pressure chanmbfé phile generator 102 to draw from an upper portion when used to facﬂltate
' processes utilizing two-phase (liquid/gas) process fluids in the pressure chamber
410 or to affect fluid and particulate flow in 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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opened to renove and replace wafers. Some COZ will be | ost fn?o(infmwTeZB%tem
in the - waste streamthat is drained fromthe system Substantial anmounts of
the CO2 will be contam nated or otherw se rendered unsuitable or
potentially unsuitable for 15 further recircul ation through the process

| oop. For thesg reasons, it is necessary to provide sources of additional
COZ to repl eni’g?fﬂgﬁeew tp Bgetvelﬁtrrs‘ﬁﬁppﬁg%r 6@&@@?615& B¢ Ppashamber magglpope
desirabl e to roweh & GBlAshavett HRe0 hdsQd _ ' par.at us 10
or el sewhere. 20 Stock CO supplai/lg‘%vth e?&égn%sgtg@%s%tﬁdgﬁi&%{ elsaé“‘“’61
suppl y/ recoverjqudtngan 300 i ncl udes a COz stock supply 312. The supply 312
may be, for exanple suppld.ed in on r nore . liquid cylinders, carboys
of sub- anbi ent |iqu’f"%,‘(’;‘%"rﬁ‘[ﬁ‘g{ik“’sa&ﬂ6|V?R’§§/‘éﬁ0@ﬁé’f9¥ﬁ@&8-sﬁlﬁﬂi‘§ﬂVﬁni*—Hﬁi d. The
st orage metshodyrpisafeadhahityr 410 RWSoWer prestiR ah, fich o 2Rv hdstufk @Ak gaseous
COz. The supply 312 is fluidly connected to the process chanber 410 via a
line L17, whi c¥ discupiedbrload aluidhiransfealdgeict/fele.t @pemn}), vohtntdsphdre.oWastet o t he

harth f t tem 300 is.adapted such that th
Gor T rom & ho SOBRTY oAb B GaRe S ARy b S AR ot any

fluid transferggidavi ces, 30 pressurizing tanks, or the like) into the
pressure chanber 410 at. a desjired pressure (preferably between about 15 and
50 psig). The supplX 28dBiondy abiewing semevay & waste fioguthe pseseire ehambey 410,29 OCT
2004 CQOZ ag) comp®Al Y.16kL88 i (- £ . ﬁm >l al (e.g.,
f ood processing suc% as ca%%‘%ﬁ%%m%?ggﬁlﬁglggﬁg%&ﬁ reeélgb%rssy#i%?ka
control, or dr¥licgnerase prossusafiflsesiietitel pressineahamhbér 4100 Jddsimagbof

m cro-el ectronic supstrates.. Conmonly, such CQOZ sypplies, .include
cont anmi nants s%SﬂmB’gssr’ﬁfl & PSR RIS ,mg]ﬂ%éﬁessﬁéfs“g’@{“%i”&“%’?ﬁj &% cul at e

matter. Accor dTI\Qle}’,,bftzdbgtﬁgM?E%Hb PR PR thGhiveley 2 N T Rl @k Walvks D

bet ween the supply 3 e pressure chanber 410.” The purification unit
Di is operati Ve provigu egenttath @ewesnthptanktlol arfvethe pressise tleamibber 420 gh

cl eanl i ne an urhty, | hi s.,manner, he.purification.unit D enabl es
The et f oot ive TRl pkalsk s B R Wil ot B et RS ol ow g
the use of 10 @xinsti M) SHPRIhgahalASe 5d T‘I‘lb%&a@ie@fﬂﬁéh@nﬁ?%oﬁ§ aflgk COz. The
purification unit D may include one or nore of the follow ng neans for
filtering gas RSESSHfeanly Texgrample, ppcdyas|thetanlod2. Tiés eoreneaynaydedepaatedfasom a
gaseous supplxmggag gaseous portion of the supply. Liquid COZ nmay-be drawn,
boil ed, relocated 15 to a collection volune and re-condensed; 2.
Filtration; 3. Menbrane separation (preferably paired with distillation);
and 4. Abs?{pt&on/adso ption (e,g.. capture based on attractive forces or
nmol ecul e é%ze).hué“éé Hv/Lopgitioning bysieied to the process (and, nore

particularly, to thﬁieoétféé%fz‘es raeY=ycP At j god]ﬂjc i;onal CQZ
into the vapor-saver unit 3 0u@?@cusglé@&%glsg%/{v?ﬂlgrzgggej%%}g? t igdg di tional
Cz is first  petecieddtbvusi agownt pfichentical taidjpmcty fifom thersupysipos 1$di §2, $30(nide
purification unit D . 25 Waste stream handlin n d. above in the

di scussi on reg%i%yvggsu%aﬁlgew%gesgs,ed)atp%%pxiegs'yée.%?ﬁ%er ?i‘ﬁek@&?%&» B pi cal |y,
at the end of gaeh 120Mhay B O5RSHE RseldcHiely MBYrd8hd SIRBNRY t&hQmiilhg aRy essur e
chanber 410 via the line L10. Such fluids may include |iquid, gaseous, or

supercritidal oy rateswdahemisitiessghemisirmiteOr dnnesvirdrnce svithghgpresgdr ti cl es 30

di sl odged fror : . 300 incl udes OMF pr ess t ank
T2 to receive %ﬁ%ﬁ@{eg{a{sr{sgrﬁe%nﬂ%gggﬁhﬁgﬁ%ng\%g aﬁ?’&%“iﬂi@’%ﬁ%&%ﬁ%&?ﬁg%@er 410.
The tank T2 i sasplesdribedhbieintiebw. R XNiD6d agii0datea ifdthatheedsaiption BeRgSUae Of

bet ween about anpi ent angﬂggoo psi.. The volunme of the tank T2 is preferably
at |east 5 ti mEEOPHBSPEES ghe lghrerd the disdosed carhodiaentamgy be omitted or

combined with or substituted 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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Di fferent compositions may be expelled to the tank T2, inZ2MhiOET 28He the

tank T2 is a segnented tank or multiple tanks. The pressure.in the tank T2
is less than that of a pressure head upstream of and fluidly comunicating
with the pressure charrber 410 so that the pressure differential forces the

waste streaminto the r T2 fro t.he pressure chanber 410. Preferably,
t he hi gh- pressﬂ?@“’feaﬁk Fl BFovrige e ‘fl%lf?f@%%?eé thizyplums of el Uibinghem or

ot her nmechani c@kerfl§y L&®thleshy GIGHN: [ |
as it is transfeerred fromtae prcgnggﬁpgﬁ%h@ﬂg%t%%g%n{age%ﬁ e teparniu']zleh may be
used to facilicambesélhrEite fuid trBugferdoviceiRSahayCdEo prrocesdtdrninathenyluhe

expanded throu ure redu |on evic a control valye or
orifice) to a ‘?fg&%@&& elﬁeéewcﬂf Y SNSRI g’ﬁ&’@é‘g@?%‘gh Efs t he
processi ng 5f | Uiidmi&l 8djun&ie Mecdberadii ﬁh@ﬂ&%&&h{@hﬂﬁﬂf&@@&% gnts) may be
rendered insoluble, thereby facilitating the efficient separation of the

expanded 15 stthewghiarpopdigioning it 1l asl disamset bedaw), dmdfileriaend th lind L1

(i nsol uble) alter percritical COz process fluid may al so be
expanded t hr ouéﬁ”ﬂgﬁe&i‘%ﬁ?@%}’e@aﬁ?. on to the two-phase Liquid/ Gas area of

the phase di agram AXhérsatieyy, TGk, @hpermabagsmgfh@ﬂt@zeﬁt process
fluids in different segnented vol unes of di vi tank or rrultlpletanks

Such segnent at§o5Preassd Beuid G 2gesus Clb) trowithe ok mltm@abfédfth’féreéé@l great i on
of m xed v@st & %Gﬁﬁﬁ'i’th%ﬁgggg 115@!3&60&%?&%?&@%}\% \m? pr%ss L3 nal e

conponent fl UI streans mentati o S0 enabl Zation of
distillation fmmt&em‘iﬂ&tadpmcbﬁnd(h@z mrthmeb?;sddig/efddub diecpiﬁﬂsﬁﬂﬁmmbéle:n@

separati on of rec I uncts and entrai ned
coﬁt am nant s ftggzuﬁgélffo%‘i éf %ﬁ nhcq g]ﬂt?ﬁ fluid stream may be
expanded and heat edyw4@ ﬂlﬁﬁergéﬁreﬁ:@foeﬁ'lﬁgﬁﬂg tlé@ws%n@!l%@%\’b%’dg?@% 'ﬁ@%@f&?f

distillation-like separation of conpo

evapor ati on), segwndeﬂmfehenastrﬂe@crammgqarb@smﬁmw the mrgssnct dhiambeli 410, tHeat i on
system 34 30 _Recyglin bat. t The wast amrecelve in.the
Cank T2 o5 ner ety o s PRE e Ram B PP S SO ahhrhCOGRAET 0
through a |inehk %pﬂyvm CiThé §yspern@umgmwde@ adl R e\iﬁf&ﬁtﬁé secEH@ﬂ%&ha& igtream
may be transferre nmeans a punp or the like, but is - OCT 2004

preferably tr aﬁ@@‘!‘féﬁﬁr it H@edioﬁ@ﬁfﬁﬁdka’m Thd sereach8owpeth la@lu@%@é@mmés

differenti al 15t e a en
separated in thé té%gﬁ%d (?%100%5@31%&6&%&1%?03%@ %e%ta;‘gt gi? %?i
delivering the respaché¢ venseparcanediscissebivé ahe S@pad Abe haned 4 ng by the
unit 310. _Thes st,reami may b tregﬁ ed and directed by therigystem 300 in

the fol | ovilng SRERTEFSORLEEEam, (. eh @0 & Lp b ip temstanicd Gy resear BA Yiadhasdt i ng or
draining via athéﬁ ﬁﬁo&gﬂh& Qorﬁhﬁgﬁr?g @LPS ptﬂ@‘ﬁﬁt‘érﬁia%ﬁ%egﬁeaﬂ?{o%e gPésé& tion

for unrel ated use; 2. directly su e pressure chanber
410 10 via a IqhtambEQQIO 'Ehherﬁmveiys Geréfcan &i@ltynlpwl infdyebe 1htyodneaﬂhmt@fhea

purification unit l.i vered. to _the nber 410
through the Ii ﬁ%er}:(ﬁwgmﬂggztlmaJ‘ggt]%'roﬂef‘?é‘ﬁné’fﬁﬁ’ ﬁer]iﬁ rlei in which
case it my bedisRECH 1@@ﬂf‘/@fd@t@ihe%i%§ﬁtchm%erp4ﬁﬁ§ﬂ'éf %ﬁ&éu&n Of the main
processin cha er at the beginning of each cycle; may be

directed t%8 the purKignea? ﬁaﬂienﬂlwtrﬂbs i wesigithe Iqecmlafnml hlESL@mjretthnr eaft er

into the pres cted tQrou
purification i&Bgm%gﬁgﬁﬁrou reéPKhue ylngﬁﬁﬁtgaéf E?g ?
pressure and cpredshse dlffereﬁﬁﬁ J%8 Yetumad fsipby B@Irdx@lxt:dnamﬁttp@éec&@ﬂwm y 312
for further use in the 20 manner descrlbed above; may be passed

through a pur iFrEaRitPantse. Aaugher F@YM%W)Z@W b@\ﬁmﬂﬁﬁé i 3’6 Iimg Lighe
hi gh-pressure tank Wﬁthtrgfe%ﬁbgtogfl‘ %hﬁ?."a eiﬁ?ét%uﬁgﬂrﬁc%éﬁft{ﬁ @gstgﬁvl'zﬁﬁ (e.

g., a punp) P8, 6. COZ ma ected via a’ll
purificatid®n %cmdlng tb)ﬁmtluﬁrambaﬁmensmt‘ehe pesdat 33QnAsen Bishows $MIe1beIThw and
Chem cal adj unct s cont am palnt S (?? t({ iaat ed and/ or

system 120B'is particularly well sulte or 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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di sposed of /recycl ed through a line L28 and in accordance wit® 366d 2004
‘chem cal stewardship. 30 Vauor recovery Follow ng draining of the process
fluid fromthe pressure chanber 410, a pressurized COZ vapor will remain in
the pressure chanmber 410. It is desirable and -30 29 OCT 2004 often
necessary to rgrmvg this vapor prior to openi nthhe pressure chanber 410 to
renove the subStrGt&wlineg IgA, e (vahves VidaeandeX HbdBy operdipnr efstbeifliidi ng t he
chanber is to gppp u r | I tively, a
conpr essor or %ﬁ{r%rtrggswggg sed4) ﬁfe%?ﬂ@mg%h r’?AﬁJ Iﬁ%rc{e@sg‘?‘]zﬁ?tnﬁt(tﬁ%%r essure
chanber 410. Tiﬂnsalwhemcmﬁﬂm‘mrtgmm(m)ahamhé)@ltdr&db(ﬁﬁm}@drigto&he/ apor

t 322 f Such t hod d t
bl oy 1 ot ur cbeste Rt A1tDE A RGmetistn ek ekt s HE b ANdsa bRl 1 U .
Pat ent Appl3 cahi@Q witd the %@emﬁ%‘sql& 857 1 S 5!55%%4 ﬁ%ﬁ@egﬂnﬂjﬁg@% agd in

U.S. Patent 10 Application Ser: . 09/6 tenber 25,72000. A
vapor recover ythissgake, dhe mléms uf ﬂl@@hemlstryaieheare@ﬂahe prasmel chambeagil@inaycapt ur e

CQZ (typically as. or end. of S Y, through a line
L18. The capt W ed aHFY bg ia tﬁf”&% 31 %fatg {ﬁe ﬁ’é’?‘ﬂgi’itg%ﬁ Crhut may be
a liquid (in whivide FR&e P4} bﬁbw@e&guﬂggu%m&ﬁ@m%ghme@h ﬂ?ﬁv&%l%‘s%?f the

chanber 410 to 15 avoid formation of solid/dry icCe) I% his manner, the
pressure chanb®t Hhofleriyatpe) elepheatsies Ez)é@r\ié?zwortmtnhldmonmmmsﬁemdsl y, the
capturing et ty C me t hr ou ut .of a
mechani cal rUdae\};e grﬂa? g0 be (%ﬂ%ﬁ@drtggag%lrg%{eaaﬁséregt.rﬁ%ﬂ)n%fr dé(ﬁ ttorﬁgle’\? 2 fcover y
tank 322 is pmfeamaﬂmhng duliveied totitebepBi@ne to 500 times the vol ume of the
pressure chanber 4 20 The captured COz may be handled in any desired

manner, including: RybiTeferRage ’(SPE?)‘bsae@le@ﬂStmﬁU@B]@rFPOadlltlpn@gI_Sﬂﬁemé‘lﬂﬁg a
val ve V10, andaceéﬁh?gr@%ﬁhér%%e&&té el uﬁ%ﬁng{){s H3WRhetdlg rhpe L21
and surge tank 324, be recovere %3 or CUSE T A anot her

appl i cation (esygtem bZEEC]lehlds&aa:lﬂﬁldrtmn%r dmm%spa%lswimxoélyair@vor age
cont ai ner f recycl e f r us sone, .o ervice c) it

r_ecoye_red a]ltgg%@pglg Ofnﬂilu ?‘}H’Bl‘%sag’e ?‘%‘éi?i%@é%? @g@éﬁ and/ or
liqui-fied, an%r@isufé@@?frbﬁdhé BR ﬁcé'%}a 1%(13& aﬁwa{ré 4Al 2%&9&&&%@35' ng
systemor to the COZ-supply system 30 be uséd I n the next

“ processing st efﬁfqeé ﬂk?r%@@t@ﬂﬂ?@@mtsﬁﬁ ﬂpﬁegbmnmthﬂmn@umﬂﬂ?@ apbone br braly obthea

b esaure o erfstt oo P2 g SR S Rist g v P day VIDGsS aring' 1t
2ao~ The vaporﬂmé@mﬂeﬁwdyﬁﬁ@mdﬁﬁw thelebile SR Uee Sder Blesh@t. assi sting
the transfer fromthe [%ressure chanber 410 to the vapor

recovery t nk(éli?uonla ook tifangnbe aided topihsselssten gh@mﬂrﬁ bYt he

Y iﬁﬁéiir?[‘?é‘ﬁﬁﬁ?wﬂo@%’é&% lﬁ% R SR, CTRERERE PR RO TR, ke
tmaly bleo\z;lvt(g | oVWLEpr &szudexeto ptreven‘lrjnhgn?/ge ?f meﬁoggmfﬂ(ﬂgehélhﬁzﬂgs?ffgﬁv e%@%;ﬁm)\eroflo
tgeachanber grﬁiﬁ&gﬁ@\)’ &8% @ﬁéé f‘r%’{ﬂgjﬂmm%@dgg%th@ugh@e eJFfASD 019 t he
O, ‘the two Ghafgs Sulinbier BRI P8t e MhdiER of Ble Bnf BIRAGHR Yo TRY D

used to push nmore COZ fromthe main 10 processing c
vapor - saver t amber#l0 shared by the two chemisiry 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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b) a second vapor recovery tank may be used (e.g., in casé&dOtd MMner) to
again rapidly equilibrate and additionally | ower the pressure of the
pressure chanber 410. A conpressor nmay al so be used to renove the nateri al
fromthe vapor 15 recovery tanks) between the end of a first run and the

end of the next ryn at whi.ch ti he vapor. recovery tanks) may be required
to be at | ow pP&E ﬁrcgmgﬁ’&flﬁ‘flﬁkl‘ﬁggrcfii’ﬁﬂ@é’dn@Gzlll}?ﬁ}lt?@dﬂé’rﬁ{geéqu%ﬂ@ny of the

manners descri bagnaBoy ead/bi friththe 1%31@9%%3)?‘%%@&%%%‘3\53 %%ré@él A9, and
fl ow control anaratus in addition to that ‘Il lTustrated may be enployed in
t he syst em 3001ngHed gapbP- saver 20 system 320 and the several options for

handling the COz fr the te stre of line L10 are_independent and any
may be elimnated f?ioqén{et(:%&@é%q gﬁfe%%ma@%%eﬂ’? _@cﬁroﬁaﬁﬁd fog g“ﬁhri fication
units D2, DB, BDéchdafalBitichas HesPaetstcd %h@&t&bﬂiﬁﬁé bR berkdvhl 64 - €

may use any of the nmethods |isted above - distiflation, filtration,
menbr ane separ $Oz8RYorpEmIBEL st intaduction o tew§)Q; add/oanhehisey.nMarsaet,0 25

th | L Gat b ol i1 t f t
pur 1 cat  on” s SRR Rn SRR 08wl Senly comlnb By s et My e each
have a conmmon sepheant cdriupansgh throegtsfakd modlafibepthé ool flui@pgidd@e eaf t er

di ver ge. Presere,chanber assenbly 30 Wth reference to Figures 8 and 9,
the pressure ch&MHeE PEESEnbly 400 includes an upper casing 420 and a | ower

casi ng 43010 When inag GLosed ReSk Fﬂ%ﬂ |n Eigure 8, the.casings
420, 430 define a pressure %an%ée@ét%ﬁ?lﬁ%re e %A%%rr%ﬁ%tg%}éegrg%qn?ﬁgegtﬁ/ em
450 as descri bisghown mFigudefailhe betom26@akscidee an 3dtlet 120 1GTT QG4 lisbanber
410. When in a,cLos sition as shown in Figure 8, a pajr_ of opposed

ci amps. 440" sur FinAet EAR TG PonESRe PRELLR: #ohaspionpairiectsRan i
separation of iy £RaibegRI0t apedtitly, Hee BlAIDS Afihdialy 08 dllighhaged O

al low the casings 420, 430 to be separated into an open position as shown
in Figure 9. Clgies Pfewstaperahlegadpide Aol feom dssprisuye dathbes4l thpoedd filter t he
chanmber 410 ang,i es upper quard er 462 and_a_ |ower guard heater
472. The ggjar dﬁ%éﬂa%é%%a%?gkp%g%% qeﬁgg@ HaldhgotAA Of etPiden t he
heaters 462, 4@2mbér 1. PAI6dseV7 @id VBURKrEViled f SHaBROKEM LR BNRAPbAI NT

vol ume 411 betyeen the guard heaters 462, 472 and is adapted to 'support the
wafer 5 for rot@fitehepeaymembenor resiculasipn nerslawsnshiopheyeguenidendssttacks 462,
472. A spray | d in a groove 464F the upper guard heater
462 and adapt gg@?%g%agt&e%?%???hrough nozzl es 192 onto the working

surface SA of the wAffertherberBatvemsirndstiohdRstcd3VO® Rcpidafenaid yre@ach
unitarilyéoor ned of stajnless,.stee ﬁ{ ot her_suitabl e nmetal. Passages 422A,
4228, 422C‘ar VHHEDS SHPFUGHIBRE & aSterystep200Bsigslndesamaist linsbd)  432C are
forned throughnilR RaskdEe4R0pre&ard@sbSERD o & i Ing 420 has
an annul ar flange3’424 With an rguter, annﬁ%hrﬂoﬁheg?ggzgsi%m?%fgﬁ%a&&%herei n and
defined in partlemynt24opthroughla tyeisfer 4980 23N eThashmder29stéA@4basnantsamnul ar

flange 434 wit n_.annular .groove 435 for therein, The flange 434 has a
vertigcal wal | ‘?@3%@ ehglgs %B@Ssﬂﬁweﬁgﬁgﬁa%twg ?F@tea(ﬁﬁul%&wdabut ment

faces 426 and édforesses Rgaitl] s@upercMhda MRS 66 Eﬂgﬁidt PrébOU S helfmlRy the upper
guard heater 462 includes an interior nenber 464 having a top val | 464A and

an annul ar?3si d¥/sigEl 3426 also adapter] tomrevant backiowtalifhads #6:64hd wilf 243tedhd n t he

top wall 464A Ul . r he top wall A. An annul ar

sur roundi ng r’rEprﬁgeér 4 sbigj}r?fo(ﬁnlﬁjgthlﬁg@?%é%%@sﬁéﬁﬁtﬁégggﬁyﬁ%‘gu °Xnnul ar
surroundi ng channetk sUGEET vieeemidldr ondvelpaheel vAGGC f1ui dly connects the
channel s 466A and é‘??‘?Bf?e An inlet 466D in the top plate 467 fluidly connects
t he passage 422A t Weasirem e the psvuinchomberd 1 Wis e, tha iatisier
connects the pasgaIRI?4R2BNdiQnL r te 467 .and the
wal | 468 are g%c_ur ed tq%tBrﬁe i%l?%ﬁﬁ%?%ﬁ@%ﬁﬂﬂ%%% %se tﬁ#&r%@re&fé | e.
The spray 3¥enblduid {99, extgndsatetorahilerarnf tpemistgstdadArim thh@eauter pl ate 467
and is retaine . O 0 :0y an _upstreamnozzl e _or screws) in a groove 464C in
the top wal l C%ﬁél%itg“wzl@%é@fqp oA ?heﬁﬁ%lsiﬁ?éfﬁt% mayoprayide garesgirgyetpenber

190 are flui digowan@nectyasedsd of BeorRAs®A%eh, 42 26 cING cb{g‘&&waﬁfe).”‘?ﬂé’ﬁénsf%“’ the
g |1 y'forned o

outer plate 467 and the surrounding wall "468 are preferab

stai nl ess st eelystemhet2guay dlshimalude adgpparaiprdradtsimgeiekent ol fithewests smeprdt 20 by
screws with snmall standoffs holding the screws off of the walls. Wth
reference to Figures 13 and 14, the Iovverzoguard heater 472 incl udes




‘an i-nterior menber 478 and an outer plate 474 secured tk?éﬁe@%lbgﬂﬁé\el ds 8,
for exanple. An opening 479 extends through the outer plate 474, and an
openi ng 476D extends through the interior nenber 478. A spiral flow channel
476A is 10 formed in the interior nmenber 478. An inlet passage 476B in the

outer plate 47 i ) € passa 32A . tpo the channel 476A, and
an outl et passgré%l%%@g?ﬁ%{egi?rﬁyéegégﬁéscﬁg)%uPFWgﬁlﬁéstﬁﬂﬁég%?@rF 3062 £ | ow
channel 476A. Phressiraledoon ayeisoedsed {bovand welleis @UéBper Stedifg sBHE In this
preferably forned of stainless steel or other suitable netal.” The guard

heater 472 may H% Laayedceessaper dasiiehls 14 80olihe fBidgo craas intd the 2spheksé

st andof fs hol dif }g,14/R8s S&EENSF Ils. Preferably, the guard
heaters 462, 4752}:9ueachs?1%\5/e a@%ﬁ%&g}a ?agga(i . e., the "interior"; inwardly
faci ng surflaces) toOnot umte lighidatand, tiad fllig asboiRIZiGINRE ¢Bhe shhnaz gy ef er abl y,
the guard heaters %6&1 é%(f.each have a surface area to volune ratio of

bet ween about &FPF 3R Hed W By P eompaRantsoR gk ergomnenest, whichyalibeo. 6
cn/cnB. 20 Aspfidsmusss M€ .anl h - L environment
(i. e., the chanber 410?an B an f|Sﬁe%ﬁwh@%ggrﬁ)‘ﬂ{l%ﬁ%ﬁle@rggﬁﬂn ol | ed
during and bet a&enctichemistrgani ngtraingl anbmminprocEsshaivizpsomphient eapeeat ure in
t he chanber 4190 ivse < {%tr | | ed .ﬁai n thﬁ]ﬁ:?%&'rd heat er assenbly 460. More
‘particul arly, SFFEW 65 1 @hgerRp b &y 15p9sg} ste’ 344 r oduced t hrough t he
passage 42PA, throughe T cha\fightedPstRRENE BY4E00 a R : | 4668,
t hrough the passage 466C, gt hdr%ug%ﬁst_he pass%ge 4§6A, %g%%%ﬂg‘t“ﬁg@%gﬁeet
openi ng 466E ahdl siera the 5Qy1ga3 siecapuis serpsria@ PBrovigh mdvimlatamnd temppeeatiref r om

t he tenperatur id ferred.to,the guard heater 462 to
heat the guar dg?fglgjta ‘Eéﬁrlpfgé‘gh%\ﬁ%%%ﬁ? %%@%PWCF?IW?%?’%ﬂW% KEMEFEFE heat er
462) or, alterhaquiilvwebyperdritiebl fuia)n If te @ sErheaagi b8 s SigaRsglkbed and 30
renoved by the fluid to coal thﬁ?aguard heater 462 (when the fluid is cooler

than the guar d¥EaRes megaRcludgzheasirarstey rail P4 caneacteaino thealeating Hedtasd or -
cool ed in the g3 per . | i-d that flows through
t he passage 432A, {aggfgf‘ﬁ%aé%og?th%gg .%&%?gh&t%ﬁ%é%m%{foﬂg’n@bmﬁ%g%, t hr ough
t he channel 478hitietallygiganedibraugh|ftratome mdsogptibrbibsodtidn! Me@b&Re t he passage
432B. The tenpgrature cont rlol fl uiq(,j\é may be any suitable fluid, preferably
a liquid. Suit3BFEPRREEH TEPHERR tgeﬁ,enfékfw*&qlfqrée)gqryke@trpstmw@mﬁ@n-gl ycol ,
m xtures 5 of Y &ndwidnBd €d,hedtv i€ : I I wt herm A
(di phenyl oxi de ancil di p?henylz) , Ym%}\fﬁéeyﬁgga&chglgtra?hd%ﬂgﬁjggl%g%ﬁ%s)s@em ner al
oi |, Mobi | t her ¥ibgtite aaid rroedsh asalbseqidn} subBtrate mAniditidni (hehlinfieswatete
bi phenyl) . S rably, . the. erature contral _fluids are a 50% 50%
200 SAacRl T SR 1R BP P  reo g 2

m xture of water ‘and € “heated by any

“suitabl e neans suchTesdigsllief esircilation@Stdn 26U ﬁfay%gu%@@par@ﬁéé gr- The fluid
may be cool ed by any suitable nmeans such as fluid chille for exanple, of

vapor conpr ess§EHDPSr deeRRiftent flaypef the peacagsdhud treughythe prefhige ghmmitkrh eat er

assenbly 460 the i 430 e _spaced.apart t efine.an
i nsul atiyng gag{@mﬁ%ﬁg%égea’?ﬁvggﬁ%ﬂﬁ% as‘?% < g%t‘ﬁggﬂl %ﬁ?ﬁ%ﬁsg’ﬁfgfémfﬁ?gnﬁjard

heaters 462, A4xeticiMgceayay fomuhawhier 5dngi nspreadt fglcgadt Gv QA vaFerdieid/med

bet ween t 15 ou.tder | at e. 467 .anglﬁ;ghe adj acent surrounding wall portions
of the casi"ng HIH LRI PHeRERIASHON (Agdtationioanthe wafengunfarsyThe imegs §ay MB0B i s
defined betweest fili@esyr S1AMMYiNDrURhed! | L, 1Qfipd he
casing 420 and has a width B. 'Arrll ir?s% g??%ggsgsg%%ﬁ %%:égﬁ’ﬁ e@ﬁgéybﬂéeﬁ ween t he
outer plate 474ldiing affheatddijtaecsitt243sorticai mdipugnpaat biheopdtemtinlgfpatthalgasi ng 430
and has a w dt ...Pref er abl each of 20 e wdths A- B and_C is _at |east
0.1 mm More prée reaplé%%lf v ﬁaéié%a)rq dgyicSinLe WH]FW@ hMPw@?%ﬁﬁls@riS§Stﬁ@ﬁ&%ﬁﬁaﬁ)out 0.1
and 10 mm and43phéat preaasablys ﬁﬁﬁ% udedo BRviddircldasid hﬁ&i@%w‘!m may
serve to s%bstantlall increase the efficiency, controllability and

manuf act ufng t hr o@%@f thsrregipquladipstsusterne 200,790 An M0 B triag dhe gappledza toray

substantial ly I ard.heat e 462, 472 fromthe 25
casi ngs 420, ggﬁggﬁi{ah%{lb‘?ﬁ%%gélfgg? ﬁ%ngl rﬁﬂﬂt"g éli @Pﬁ?é@%?ssm@o@a?i ngs 420,
430 on the at rfosphierosass oprckdegt the ecliafedf siall §udnB@EEELaPindtl Hdm zed.
Restated, the inscétjh]ﬂatitgntd’gag1 478 may substantially limt the thermal mass
that nust be HESHPIEYhRGES Blensyd of fistiled oy of thermsoessafinil stepmi ddoreoverhe

t hermal nasses of the guard heaters 462, 472. Accordingly, the tenperature
of the process fluid may be controlled 3Q.such that it is substantially
different than that of the casings 420, 430. Wile a fluid fl ow

heat i ng/ cooling arrangenent is illustrated and descri bed above, other neans

for heating/cooling the guard heaters 462, 472 may be enployed in addition
to or in place of fluid heating. For exanple, electrical -35




29 OCT 2004 resistance coils (e.g., designed to radiate? Be@fTdiectly to
the wafer) nmay be provided in the guard heaters 462, 472. Wth reference to
Figure 18, a pressure chanber assenbly 400A according to alternative

enbodi nents of the present invention is shown therein. The assenbly 400A
differs fromthe assenbly 400 only in that the guard heater assenbly 460A

t her eof i ncl ud€shioh &k rseirgidiationsertsma 200, 2094 may b eroplopdd tohpeovidsmiss | ng gap
470. The guard . he..i nsul atin ayers
471, 473 whi chﬂgﬁgﬁﬁ%%@tl ﬁ?%h?i’g%rﬁxﬁgﬁ’ﬁﬁg&gg‘?ﬁlﬁ%@“@ ) cﬁ@B?S“}‘%%‘gfe%?i vely.
The i nsul ati ngploagssrikidl7l, 473 may be fornmed of crystalline fluoropolyners

10 such as PCTFE (pql ychl or,ot f‘i f |l uoy et hé:l ene), PTFE

~(pol yt et r af | uor oet hi’f drsted ot Fisyees {"ﬁotlh9 {tewp 1o B s avefl|ag g fdlésy F3mref er abl vy,
the i nsul at§ NgpdeBY RIS addpled B pRoRbERTRE f i el or

gl ass-filled P%EI_E. Tﬁg i'nsul é;?? ng llgﬁgﬁgagf?ﬁﬁb@lgggﬁgggh%%g@f?@ﬁ%ed, open
cel lular, or ofaér wimometansoSdcniednsr Scitrble filere chaly anchidvesinteret] HidtetsnBag-at i ng

performance thereaf. 15 Pref bly, the rd heater assepblies 460, 460A

are adapt ed to%?ﬁ?ﬁe@%ﬁ@ﬁ@%ﬂﬁ é@c‘ir??tatt% 11655 dad{PecupRiRdians seseqfangi ng

from about 0 CpieferyGs iPnafiEtabks ettt AsAS 4 BSa181 s@éail?gé?h%gysiﬁl%@ e 460A
ure cha

are adapted to provide heat to the atnosphere in the pres er 410
at a maxi mum r B@EEuEF chpmbep 458 hasadfiljesas 8s fisacdendent DefoRy ths praseure hharbisr

seal ing sygie i 1,430 ich defi.ne t rressure chanber 410
al so defi n@t a ﬁﬁgﬁégﬁ%%aaﬁﬁ%évef %P%ﬁf?“éictiaél)sﬁéfle‘flﬁ%ghfgﬁﬁﬂlrwﬂﬁ%ﬁf‘}d&w the
pressure chanbgesshidchamband HKire disposdiapk@hny of & 16ast ondit@Tbi ent  at nosphere
(directly or indiregtly)).. The 25 seali ng system 450 is adapted to restrict
(fully or partial | y}2s fEdftiosipeomits Gl §2al8moest inelugle mieans fenkiyag the3. As best
seen in Figur Lothi ks ] i Lhg 45 an

annul ar cup (gﬁh%(%ﬂsét@?%%?ﬁggégpﬂ%?ﬁ?&gﬁﬁ%%&g% g@@%ﬁ%?@%ggﬁ%gye&?%%ﬁ%m ar
retaini ng ringrras®ic enaefiescitsaeicsobalkionof tdjanaanbhd@indpivonddy dohe nsgalls 452,
454 30 ser\es 1 Olélld rove,the eff.ec%i veness and, durability of the pressure
chanber seal . THEF SBP{OR GO EABg tqmaparatuee plithe adjungt pRAENASEand ext ends
radi al |y out wagigtapld auedddadviaes bt ﬁr’&?@ss@s?’iﬂc]]ﬁagﬁgllxeﬁl‘giaﬁ Bfcdr %gfﬁoé%ﬁg'ngge

retaining ring 458 may be forned of stainless ste or o Sui
mat eri al . The Fenpdraivrrconirabmas e addeved 20in@ETotR0 Oidtenmesy chits, skeangdartddiort he

fl ange 424 by e means, . fo X |l.e, threaded fastepers. The cup
seal 454 is sh%nvﬁéé{ t%éllii%gﬁﬁgép 3 Rl %&e&%ﬁ%@tﬁf or %gu‘gspéﬂt %@H@gﬁr Rééns any

sel f energi zebesigall, fohataniyds a concave portion and is configured such that,
when the cgncave portion of the seal is pressurized (e.g., by a pressurized

chanber ort% he conchifell@d #anyer davices B3) B4, Riwe peeftrably cepahlebladcntatinal | y

pressurized angsGaH dofornce,(e. 9., agai nst. adj acent
surfaces of a press%?tgn%glgfeéﬁhgg@ r\%\?(!'r% %‘es%ﬁa@i%ﬁévécegmgg}@e 15181’ gleby
forma seal . Thenmugrsealpuhpd, drpistadasns) farauhgle. | nner wal | 454B j oi ned
al ong an annul ar f 454C to an 10 anngl ar_outer wall 454A and defining an

annul ar channel 454 -lﬁBf“@fﬁl?r FHESEMENS dare besy illustigresrand dpsoyibad hergini ity
formed of a f |w$i¥l'l$¥a|%pé¢%§i ol 8% oFBkiRh Ble Jﬁ%ﬁ?;ﬁg x%ign ﬁgrrggggé miagér S

formed of a material that is resistant to swe a en exposed
to dense GOz. islfeeribg withdhepiesdns invagtiom & dr lexampleainate ot E20A dhigure

el astoners, s as. PTEE (.Tefl on Pont fille 5. PTEE, PTFE copol yners
and anal ogs, ?L}t -t a:'tli‘f"%llnfeufdﬁ)fnﬁlgff R _'@ﬂé?aﬁ?fgb Vit T8 1RAtdRS ) |
Tef| on AF, CTREw Gbhethe ihglys statbldeo mhaBid £5, VAL Gt ﬁﬁwﬁgﬁ{ag cene) ,
UHMAPE (ul tra-high nol ecul ar wei ght pol y(ethylene)), PP, PVC, acrylic

pol ymers, am dEOPEFdfeeallow selrgtiompy thadeedi last(baeLd or £33 ForascmBowmpeiheso Buna- N,

and Epichloro e Daas - { table seal terials.can be 20
obt ai ned fr omr% Ith%? essgtgyeﬁggg(}rs : niozl.t C%?ﬁ%oﬂfg%@%gﬁ f%’b?ﬁa‘ﬁfpl%&ﬁlf‘ ©

W ndsor, GU Oalirédted idneitioan jor bethlof 4fedprBymbabscon £ thondAR folanoeshat by
affixing at |east one aBd preferably both, of the inner wall 454B and the

fol d 454C to th apnmatis 10 mpayy inFlgfe onst orperefchemiséry sumpla parhs that fresludstaai ni ng
ring 458. The 8 %edBloir #24B in the system 120/A) and/or one or more parallel chemistry

supply paths that are direct injection (i.e., as in the system 120B) and/or one or

-22 -




25 454C may be secured to the flange 424 using adhesi ve,zfgopch%nr%l e.

Preferably, the cup seal 454 is retained by the retaining ring 458 w t hout
the use of adhesive or the like. The spring 456 may be any suitable spring
capabl e of repeatedly and reliably biasing the outer wall 454A away from
the inner wall 454B é‘lﬁle , radially 30 utwardl%). Preferably, the spring
456 Dbi ases the™ORpPERA CAGASTE SFRRLY patBi thakiearsal M@ Synpdics (igngeimha when
the casings 420ASR200r ARRASE flckSREd ELALEoes RELLANADL NG fiSPT | N0
456 is a.wound wire spring or a cantilever type spring having a shape
simlar to, butnitsreadivelvingvanay be peviled as aedded Satpmnitlendditiodali fegitdiétyt he cup
seal _, 37 29 OCT 2004 454. The spring 456 is preferably forned of spring
grade stainless steel. The spring 456 nay be integrally formed with the cup
seal 454. |3 adiahiPaRin@Probesk! ace of the provision of the spring 456,
the cup seal 454 may be fornmed so as to have an inherent bias to spread the
wal | s 454A, 454B apaht appesatesollanay béasedpe exaguibsowideyatge ofpracessds and t he cup

seal 454 may b A it o._inherent . bias. . The j .452 i s disposed
in the groove ﬁgge%ggg?%ﬂglIg,t%tlﬁgggerc%ﬁﬁlbﬁ%‘g@ 1§ S@%%é@%ﬂéﬁﬁﬁ%an&r oove 435
by an i nterf er prdeatd dtmodpirrds; nkndingchbMidaestihcta (el AHMRRNLes thasht irent

material. Preferably, the O.ring 452 is forned of an el astoneric material .

Nore pref er abl YATIUAEAESS (¢ &g ligwid, gas iperseidicdluxinfach pmcesses mepperents, and
most pref ef@abl e o Mﬁis-ghﬁeaﬂe:rg‘. ,ggﬁéﬁeeﬁéﬁeﬁé&?a%e 3UC @oiggimg\é\ggg the Oring

452 is in its unloaded state e casings are
separ at ed; seeapfpiatawsel (Anay be pwdito oondukt mbhod 4 digeldked imibelfolostigpd above t he

abut nent face 436. en t in 420, . 430 are cl osed, the cup seal 454
is captured be‘f%ﬂ%@“ﬁr’ﬁgﬁ'ﬁ?ﬁé@gi@?ﬁcaéwassmdlé%b%%i/@flwkﬁckﬁf@%eﬁé’y8 and
15. The spri ngin&olitSiRgeih BS r¥fichse hifdér aidedardB agai nst the walI's 434A
and 425A, respectively. Wien the chanber 410 1s pressurized above the

ambi ent pressure, the préssfaeniedpplicetion Rerddh & oc FORAEL5A5AR @S dosestthe wal | s

454A and B apart and jnt,0 tighter . sealing_e ge t . with the
respect | vgl%\z/tal |'s 434A anfa%% 5 B %ﬁsﬁmwgﬁﬁféaﬁ%t ﬁgl%c%}’&m‘g%"é 454
provides a secure, pri rra]Bgej@e@lﬁmd]g@F@flwqgtggmr; afdRB8d ANkl ¥orr educes the

flow of the fluid fromthe chanber 410 to the O'ring 452 along the fluid
| eak path ‘3. The O ring 4Bgring Migsetsiyosis Siredtupotwith Catliop! Bbavegi ng exposur e .

to the process fluid. Su ! | j > may substantially
extend the service life o d@ﬁ@”@f’%‘#ﬁ%ﬁ@%&@@g}t%ﬁ?‘éﬁ?ﬁ where 25 the
process fluid inclutles HUghPptesssplaferSerAe 0y, 09199t 949.tiheers@aliimg Bsyst em
450 may p%vi de for a hi t hroughput waf er manufacturing systemwth

rel ativel ¥ ong-1ived sedf$°UWdo{amis\3- Nigfelain Riepberaivb &rossiand Josenhddsur i zed,

the casings 420, 430 maypoGrdapatiad ab ooy 'EEE ressure so
that the Oring 452 is not well 30 F%g eg&mfﬁg@éla%%ggé ecg{l}?keft he cup seal

454 serves as a primary Skatipg disweleceosie Striungrarwiangdermnt Capbhprndoeidael ess
be provided. However, in.the nt of a ti or. npl ete failure of the
cup seal 454, the Ori ngsyﬁgfwﬁégo@g@)é’c{‘%%égé%'fj'sgr%%r educe | eakage of the
process fluid to the envirSoORERAApANERSHESM N, 66605 D82, i3kntord Jardkisp 2004

enbodi nents, the asserrb:"‘é 400 may be adapted such that the O-ring 452 will

allow flui’d to pass al orlgeYeusgs fanes B. dClpimt andBStehlean MhEraspfibér 410 i s at

at |east a selected pre th I i 0 ressuyrized and no
damagi ng process fluid ?%e%ée%&g&hﬁ%%’?nﬁi t&%ﬁt@%@%fgﬁkﬁﬁ@”@ ﬁaﬁbc%sor
extended periods of timgfork Wberlcehenit|Suheuia (henedyarthae: 48 U3t
at nospheri c pressurﬁg or vacuum the sealing effectiveness of the cup seal

e

454 will typically De di%ionf SREApHisaeenreriah MopY85 b4 T:Hevenr(9 emed. my
provi de sonme seal ing perhHoysgac I hS;..€ ' 2 may serve
as the primary seal to pr even{é’ %%nerse]%%glﬁlgéﬁﬁ%wgé&%%g%ﬁggég fluid into
the chambeéf 410 through epéenitenil 3, 208akamiaittedAeModalol she Thgrol of

Contaminants Following Carbon Dioxide Cleaning of

Microelectronic Structures (Attorney Docket No. 5697-451P4);
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10 atnospheric fluid (typically air) typically will no? 9 8E8Tu2®ni gh
concentrations of COz or other conponents unduly harnful to the Oring
material. Preferably, and as illustrated, the Oring 452 sealing
arrangenment is a butttype arrangenment so that no sliding conponents are

present. The p:@s? (& .ener%i zi ng nmechani sm of the cup seal 454 allows for
use of a relati'vé é}{q‘%ﬁg BicadetB rogessey thetypayshy pragficed én acrRedeacawiiect s of

the invention &&Sirsdeni ﬁv@ﬂt{&nmP%éf@ﬂbIﬂjﬁne%ﬂﬁﬁ%‘i s r Wy R LhELES A hat may
I 2[1 may Be oU

be detrimental to the wafer 5. The cup sea erwi se oriented
or located in BIFODSratIFsiyrcenedsiader caspeivhizgd cofmoller torpoddofeetitiekand seal s

454 may be arrange I Les al g he fluid | eak path. Fromthe
descri ption herei n,cli alg ﬁee%%{iito %Oell%gggﬁ%é‘?sé{F@Brc{cﬁ%"‘tswcﬂﬁe combi nation of a 20 cup

seal and ars el astombw&sii@msmin@vmégwgﬁﬁeGﬂnﬁ@éra1@a19@ée%ﬁ?léd%§§feci at ed
wi th high pr esgﬂ?g seal i ng of hol di ng vessels that typically neither an

f COZ
el astomeric O MBdy g puitable meansanche arndhesive ondamps Mard prefetably, the

el astoneric O} ong-J i ved when sed to
i ah- pressure. G ana Ry o B el ln ot o e i RBIRE i e a
pressure seal stathpadiribpldingasserabliies320/(Righee 09 LaldF30 (FRuk 093} OrRNRBY} 6r t he
sane vessel f\(l)\gjgvacuum ergi ce. Such Iare%e pre-|l oad may cause greater

A dfiscgfang

friction and PIERYE ger 13 Eiseedes ndaprmed-ng/ cont ani nating _
particles.idn accor dang@ af bihet %%Fggﬁ%g?}e&%ﬂggﬂ%&@"” Q{eeoe%églfsa;%%%%O ring

may be externally energized (co en require
vacuum wi t hi n piessuchelrireher 4B0thvafghrthd bhall.hg usiss ereblayuum Whi IP1r ef erence to

Figures 19-22, a vvaé)eé h Idil}r%gg%ss rrbI%l 520 according.to further.
embodi ments of the pPeEhy: ¥ B Bmicoe R Bigee ehdr sunplier it S S manbe 39

29 OCT 2004 52fppkey thetss dsthothaceenatt 5113, MRS, d R chanber
assenbly 400B (Figure 19) ot herg\F/t\,i se corﬁés gﬁgl ngltto tén%S%P]gfss rergchanber
assenbly 400. W&ssppingrbe pressues chappeedl®t ed from the fol | owi ng descri pti on,

t he waf er | di ng a Lnclyudes. a substrate hol.der or platen or

chuck 522 f<3‘15(r)1d is adg%%éggg%ﬁﬁéégf“g%hﬂﬂ@%%?%%B’f?sfq{ge‘éi‘i‘ﬁfg‘lﬁ%@{?’rg 2/¥ans of a

pressure diff eliquid Ca), gSo€0g) o e 1ighPbdsOite @ik TE BREECAIPZRe prElgrchuck 522
.and an qpposing rear surface 528."°A p?ura Ity (as

has a front surfacge Zf4 _

shown, eight) ﬁ@n}%ﬁb ¢} ispresspdnsd s Pesssnat ridaashaP@ipsi, dndonereipeefewbly, sur f ace

528 and radi al I: ct : ntral rotati.on axis E-E 10

(Figure 19). Aﬂ)%}vg%ﬁa%;h sé%oa%y %ﬂio%m, ﬁg'u% 81(1:)1 n’%@s@’&g""g&"%&f& IBEIE%WBSSP{H ly

through the cheebsp41€ somitthmed ear selestddre@pbRfirt CorafefablEbutves LA

channel 522?)8 f oﬁEd i‘g@oé%)?f front, surface 524: A plurali t)é (as shown,

si xteen) of chah érd Oéff‘%‘ﬂﬂle’r%séﬁga? BYArd st asidjscresseroglon £ | ui di y

comuni cate with th@néﬁmapﬁssxﬁg%b%@dhﬁ isgﬂgéfg%kédﬁgrﬁﬁ{ée?é&édﬁ:lr?_s%&%””e' s (not
: |

shown) may fluidly connect the channels 1 shown 1T gute 19, the
chuck 522" i's rdsust-Blnse k- Q isleirgudated Hadugh3BOlio L2 totlatspoy hémbaviiot Andbput t he

rotational axi - t-he chuck 522 is rotated, the jnpeller vanes 529
tend to push ot?é 8%(1:%%;:1?% WY BEr < Tﬁgher‘ieé‘Fe@E?‘sF&%%@?%thﬁmfﬁrhe
adj acent, oppasirfage SAr Dgeienslh? cmitig VIHESSHiRnE TR sf}aé?cﬁﬁcgj b,y
outwardly 20 in the directions F toward the outer "periphery of thé chuck

522. A pressurBaf fhereitifiam pee aaereisy thpewpplesedl, 5anshirhy bheppifedcl 522
between the i r{H@%a?e?tgl @Qc éu"}%mi‘ﬁf@ﬁ%ﬁ"}‘gﬁiﬁgﬁg&?&%’ﬁézﬁf the chuck 522 and

the outer region o C Icu ressure in the

central region (incTheciulg geherapr @83 uidoisthe hil-provare QRIETI RAS 1Rl valiieve
passages 526A) | ess the%)gcéatgﬁgé%%iure at the outer edges of 25 the chuck

522 and the praé‘Ls P &S§tog plepsg maduiation ePMP. Muse meitienlady.opposi t e
the chuck 522.thé\pulde ﬁf&ﬁt@p 12 aﬂhfo@?r{e@?él%—ﬁ%es&ﬁ gﬁ?lg%élt}ﬁ%\‘/}g%v%he fluid

pressure exerted on the top surface o e warer e pressaﬂ?e of the
fluid in BRe cparstes QvitoepBropsia®@emperature control of the process fluid) to effect phase
changes between liquid, supercritical, and gas states. Preferably, the phase
changes are effected between supercritical and lquid states in a cyclical fashion.

For example, CPM processes as disclosed in the commonly owned U.S. Patent
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In the foregoing manner, the wafer 5 is secured to the grg,lqjmfs%g?@s t he 30
chuck 522 and the wafer 5 are rotated. In order to retain the wafer. 5 on
t he chuck 522 prior to initiating rotation or during process steps w thout
rotation, and/or in order to provide additional securenment, supplenental

hol di ng nmeans may  be provi ded. Such suppl enental neans may include, for
exanpl e, adhesﬁPEl}caEP%%@?1%%@9/9%@5?3@“@@@74J@m@ﬁ’%rD@fPU@S{hﬁwaBI-y gener at ed

pressure diffe i@l I : 1t r ld] - 570
descri bed bel Oﬁﬁ@%@hM%gﬁcgiﬁe?%éé%&‘Bﬁ%&ﬁé?r%@é‘lﬂg S%g%glrb%igf%hg’ aglgst em
551 accordi ng tided Metihds foe (Badimeticodécitdnte Sirespos with\Bokii®dPhhse shown

therein. The syst.em.55 i ncl.udes fer_ hol ding assenply 550 and nay be
used in place GPH Hgo’éﬂ}%%%nﬁi Oaf‘?tﬁpg&éﬁlg)a%ﬁﬁé?s%%g%%kﬁmﬂ Fi gure
23) otherwsse GebibesRAHAE bl d-bRRPIARIHHEENAINR cgagb! v 400 (for

y

clarity, certain elenments of "the assenb e not shown). The assenbly
400C i s further prolndegithgGRM gyetayfidior Cikhiwith desssthl iaypBOHappliod Asthei | | be

better appreci fromthe foll ow escription, the er hol din
nesenbl y 550. | RerhacE e SR PR N R e ipec e e A Preseir
adapt ed to ret@ambeng10ahebe Perfdvel FONE T Gestde AYmPBRAUND 208 riRhIgRIUr €
differential between the pressure in the pressure chanber 410 and the
pressure at antosidy v theggaireniaionsysiani200 ¢r 200A syd/oerecBedated vadhptiedL6 o
drive the Fd‘“céﬁadﬁﬁgs%‘?érﬁltlﬁ(‘fe to the 15 pressure chanber 410 w t hout
requiring sealing ditectly between relatively noving el enments (nanely, a

shaft 560 and the cHss mgcet3@luid (densstpHasd€OAREANBGIsANE GvabRahatiePds Vahi®fed
hol di ng syst eg%rSSl ‘?nrg‘?/ be %lseg with other drive arrangenents and that the

magnetic drivelfSEdbaBessuEs T ) viadhe Nietlal Gt Ao diseigsesh below.delP2 maxchani sms.
Turni ng to theyRAEL IR EH I [ e assenbly
20 580 includes an upperng%fg S?S%%%ES ger{?igﬁll) (Q)\R%O‘éﬁgﬁgsqlﬁgf@é{?c%e upper end
of the upper healeivays (B8Eiding the peiswed chambchd1@aainbe A3¢hes vad of Mate témes

gas-ti ght al i rqvi ded t herepe e e.g., by means of a suitable
seal i ng deVi ce Eﬁrej‘squbde‘bra%l?%tf’?gca?\a%ﬁgréﬁgﬁta@%%lextends t hr ough t he
housing 585 and is Tigf fataing M@T@&iéﬂ&%&%@%ﬂ% dﬁ@%?h&@?géh@\éﬁémi gi%éi ngs

586 and 588. A seal 561 is positioned 2 n the shaft 560 and the
“ housi ng nenberSE&3, ST kths swifergwithios withefite¥calid), canduming diftM and sadvingdvbr e

preferably, t I al e eferﬁgl , i ni gap G
havi ng a wi dt %%?@é%%@é%@g@&?&%ﬁ%gfsg%%fég.' 88 Ve eﬁ?ﬂgﬁ{l\éﬁﬁgﬁgﬁ seal .
The seal 561 mmycask floidie réndied 286 abtiealls arRRhRT A e § €ako-sdert Rt €1 Nal
magnet holzﬂer 59% is nmoynted opn the lower end of the shaft 560 30 for
;ﬁt ati ?n El_her vl Fita%fiéﬁ él%enté?@ ff?iﬁ_élﬁe Wg@h@;S]sznﬁilmtgdh%W??thmm&mhﬁbrti on
er eof . e iHger ap:Tolalo) r i sposed in the | ower housing
menber 584. A pres@?jrse cap 5%%%%%851@21%02@ internal magnet earner 590 and
forms a gas-tight sBaprésug chaimperrtidnmdahe proswstpabllmwﬁﬁd:lhdigﬁﬁ&\/! ce such as
a gasket) wth_the 0 wer end of the | ower housing nenber

-41 29 04, |
584. In this ﬁﬁﬂﬁ%lﬂ%tloflr?é‘ﬂwaé’gg?ﬁé"ff %&fg’%heén‘ﬂﬂli heCUpBem thetrskdd tRenber 585
toget her for mRmaasadjuahl akEeeayih 1 g i n upper
housi ng menber 585 ?rJomth_e Fr eas_spgrléefsgﬁggrrb%w%i%&ﬁ%dg?%{%eg’ %ﬁ?rte% i's
mount ed o3t helinvidgir saparesitivel) fB&dis Ubhd tadkeimore adiuhctS 82 rempiding any suit abl e

drive device s draul i,.cal |l y.dri.ven unit or, e preferably, an
electrically %ﬁt&gﬁﬁﬁnﬁ EX eeSLH’ts\ar%tg' Jﬁ? pu%é%g H%‘“SS“FS’@?ﬁ&D@ rey EBt ate a shaft
594 that ext endsirdulited, baeisHRLBY RendRARSS thdBfle TAD. QX£i&M PRke SRYDSL ARG der 592

is mounted on the shaft 594 for rotation therewith. The external magnet

hol der 592 i s dfdpprissrurschambendlisismaefrishiyerondsted wing pure higuidani cal |y and
fluidly 10 se K the internal magnet hol der 590 and the pressure
chanber 410 bsﬁPﬁgﬁggﬂgg%}e cap 596. An external nagnet M2 is nounted on
the exter 3@ magnetTheodadter, tidgefsare dhambti 410 & Reprewutined FemenanetsssM  and
M2 are relativelg %ﬁnstructed, arranged and configured to such that they
are magneti cal'Py°€Bupl ed to one another. In this 15 manner, the magnets M
M2 serve to indire ' { r 592
and the internal ngg%%ﬁmﬁgﬁggﬁﬁgg%¥lgﬁgB%ﬁ%@%%&%ﬁﬂgﬂgﬂ%?%gg@%déﬂghgﬁé shaf t
560. Thus, thepgiusinBzddfeptdibe nafaisadfadeyat apessatric of aplkadt HOO Psii M)l moet 582.
The magnetic drive assenbly 580 nay be any suitable drive assenbly with 20
sui tabl e nodifications as described herein. Suitable nagnetic drive
assenblies include the BVD | 50, avail abl-&€5from Buchi AG of Uster,
Switzerland. Moreover, other types of non-nechanically coupling drive units
may be used. '




As best seen in Figures 24 and 25, the chuck 552 has a front;g%éff@ 54. A
count ersunk passage 556B extends fully through the chuck 552" YA ity
of 25 channel s 526A extend radially :outwardly fromand fluidly comruni cate
wi th the passage 556B. Additional circunferential channels (not shown) may
fluidly connect the channels 526A. As shown in Figure 23, the chuck 552 is
nmount ed on t heP@Fr4Y beteer abw 88( pai ard 3086 sif dhe pricassitoay include epdyisbaf t

560 about a r i i : n.axiall ndi ng
connecti ng pag{shgtgp;&gg%ﬂgéttigﬁfégg S% ?}ez{f)ﬁ%{)lagl%bé?%ghﬁﬁ} @igg@ékgnserﬁlabegg%lfr al
aperture that mitdtogeelhtiué th the ateni Eﬁhémbb&imeeprayh&n%%ea%et%@@raﬁnd the
passage 556B. A %SS e 563 exteng% radi al | gwthrou%h the shaft 560 and
fluidly connect$ - dhgirragoemae; o) sad Bisdhick Craaribe plusgs 10432, opg OCT
2004 defined bsimeel dhedtioraly@ive@> and the shaft 560. Preferably, the
seal 561 is a non-contact seal” (e.g., a gap seal or a labyrinth seal)
form ng a restri ct eblok¢ayer, pdbsageprobess fpidavadespriobided acosntha ivaitriSdy bet ween
the pressure chanber, 410 and the secondar anmbe 65. An ouflet 564 in
the housi ng @ﬁﬁ@Pg%%%PfPﬁ?ﬁ i @%ﬁ@&?@%éi@w&%ﬁﬁ? Jockiiser bR th a
line L40. A Ium)laﬁa,smﬂtaa@m@zyv@m\sei_ng%ﬂoJegyﬂ@riﬁmfaﬁgm@fféérxﬁmfe'o%ero%ﬂu' ctor
e

566 and a storage tank 568 to the |ine L40. e flow restrictor 566 may
a throttling obiusi(es ,#ie lnedl.tabline LY, thelinedl bls and/owtik ime J160h Pederablpeed| e

I d d ' | ed .Lim fl h h i
U2 havi ng & 15SsBF S RIS bRt P Pt e Rl I a0 ™
(e.g., a vacuurmgafimleabt? e, | i ne L40. The system 551 nmay be used in the

foll ow ng manner to secure the wafer 5 to the chuck 552. A pressure is
provi ded in the stofagetct ahRVsHE nrogsss may inchxlersiapitangeushy pelsingsheof t he

at nosphere in fhe; 35S hamber typical..processq itions.
Duri ng process‘?1 ngl,t:p'? ﬁe \lg 2vcg) V30 T gr%%%sggfggﬂ;ng %E%r?%%g pg%ggsn%gﬁﬁ%ﬁg%ber
565 is pl aced wafef Bultkesosayifithepitdse modutation ieacsbrapiagred usink tlG8ilwhi ch serves

as a passiyve |low pressuyre_.source (i, e.,. punp, conpressor or the like is

enpl oyed t gegFé‘Ie%t“g eaBP@QG@%&B?E’%%U{}%"P%}“ﬁhﬁt%aglbﬁ‘aﬁ%m?y Phe pressure

i n the chanber,%867:§ angd. i { o L s al y- i | nel s
% e e shrii€fiffeQk She déﬁsﬁt)hﬁloﬁul‘éhgﬂ. Tﬁ%ﬂ? 9%{8%&%%?2

556A) is less 20 than the pressure in the pressure ssure
“differential ixembher B¥ymegebesimubdndvasineetatetlhe upper surface of the wafer 5

and the backside of_th er. 5, .causi ng the fer 5 to be .drawn down onto
The thock ces o Ol1a' afh AR boRuoiSRRELT Tyt el B Shpliation o Qapyades b | o
flow of fluid dHeamitibemas 6o BakpsiabRAIKBAIsHRED Th 9aﬁi@§1ar’5,titqlé 28RehpRkdT6].

t hereby providing a controlled | eak. The 25 controlled | eak serves to
ensure a t4tht WEchemistis mAYIpepdned-snlvente seufacsants reactanisdeleblarss, @88 t he waf er
5to hold it i : ] t i 0ss,0f thesfluid from.the
pressure charrbég)rnﬁlcL i%ﬁmgrtﬁe%?%}fag% it/%bﬂl’mktllgegsﬁggrggéﬁf}gew B?thﬁ Pilé&/gli %IF'S T4HR %568 i s

greater than athoobghitry cuplesystere 120 uay lbessed haafdhanduresawsle 204 t he
pressure chanmber 410.during the 30 intended processes. The storage tank 568
may pernit gasBfeEPatide Te} e AeamicEddlr e chanber 410 to be cl eaned

and recycl ed or ot herksfralengpader kELNBhENELY i dRuShaRAgR ATk 568

may be omitted or bypassed such that the |ine vents direc o]
at nospher &wheliquithezas.cuperciBel) to thpemather 4WBand P8y 6IFw 28briponédteipr essur e

of the atnosph in . the pressure. chanher 410._js the sane as or |ess than
the pressure oﬁ%gﬁgpﬂﬁtggfﬁ@eﬁg%n}%gw%r éb?ln??he i‘l?p.araé‘:ls_, IMEHErost r@@@ﬁt ank
568 or the awbceggasa%.@qmﬁm)tang e) {ol dhil o ﬁam{g%&es@%wng@né?@sofr&ﬁxh@e
operated to reduce the pressure in the chanmber 565 to | ess than the

pressure in thdeayrgsehamber Ruvlsening 5Eps ysige HavidtGO1. hiltdeaiveld themppatatusf

pressure diff i er.5. In.this event,.the valve V30 is
cl osed and thgﬂlggbé\'}lgje{/%%gﬁ%ga%r& %SeéEc B PR Eos & %%ﬂ%wg%isﬁcgn%%r abl e
to generat¥® a geasul®td displhe mbennalils 3064 & bBRinihg skb ah@@fdcedinPairink&€ss
than the pressure |n the Eressure chanber 410, and nore preferably, between

about 5 and 205URsVhenither Yguigsr senexeritical G2 fpatppé ps the primary process fluid
during the cleaning step. The apparatus may also provide heated ScCO- (e.g.,

supercritical CO,) at a temperature higher than that of the primary processing fluid
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The spray nmember 190 as described above as well-as the spt8y06Endi#is 602,
652 descri bed bel ow provide dispersed inlets to deliver process fluids
directly to the surface of the wafer. Mreover, the spray nenbers provide a
distributed 15 , streamof these fluids that incorporates nechanical action
fromthe flui dﬁes)turfgce.i rfgi ngenent . Ttgi s .mechani cal action is generally the
result of the RYMREACERISs 1 thebolthe admabOMPSRySiBa dluis usedbtoshsrdacenenber .
Design of the CAWnFETRE afld i f 1&@% i and
si zes of spr ayﬁﬂgorts may alf(éérggleegﬂftnggge&@%tplﬁég%g%sﬁgr I {?118 u%ét%% t he
energy 20 tranufieg Pefe@hani cal action. Additionally, simultaneous rotation
of the wafer nmay serve to generate shear (nonentum between the fluid and
the wafer surface to further facilitate renoval of materials fromthe
surface. W3h gepslvaeeRerPsyst@hlr € 26, a pressure chanber assenbly 400D
according to further enbodinents of the present invention is shown therein.
The assenbly 25 40081%%10135’@3@%@%W@%ﬁfh@dms@memd(ocee;ctya]ierandisqaects

not shown in F 6 ( for exanple xcept for the provision

of a rotating %‘%ﬁgﬁcéfeaﬁ%@rr C%@e%l){%/ﬂ&fg?anﬂ%’r}g%e%ng? @‘eﬁﬁ‘ﬁsﬁﬁﬂ?c?‘iﬁ% ude a

rotatively drisceme @85 eill boloderTizBoass ag iAIRbalh B hBR! tHe fleddironary.
600, may be used with any of the above-descri bed

The spray nenber ass ly ) / ) )
pressure chanb%mg’%gigﬁipé%g?mw(%ﬂ Jeprsgutipsl mpmamasinsaecesssrabily 600 nay

be used tojpr oyirdGatbEdad | ' SpI menber and_a waf er
Wi t Iho gt requi r%(;g Eg g§%a§§1%§§9?0@%%%%ﬁﬁ:§0%§ %asué%lig}t 600
i ncl udes a sprbgr axenpke s o lsshtovaimbsp diambER& spr ay
menber 602 i ncl ude% a shaft (Porsi on 6§10 -44 29 OCT 2054 a?ld bar - shaped
di stribution pBfErolf BHYe AN W%Fwﬁg%‘%%%ﬂ%@@z@&%ﬁ&@tfm@rﬁh@w%&

ing 614 | ' ' id4,h
openi ng ange kR WeBarh Rigat ROAh NG gg%ﬂhi agkeddh U s%s?{mﬁﬁmuﬁrﬁ%%%gyz a

| at eral passage 622 in the portion series of spray ports ext end

fromthe passatsl Bpewniaminaed pooferwisnmeaderedigasuthblt e poiestialiyhutsiiamloEt | on

620. The spyay . . be, formed of a highly oxidatively stable

nat eri al sitjsrch fggﬁ%ggcﬁlg%hq%uglg@gpm%s% 2Pi EB‘Q %15%/? Te@sons b ‘\‘R%/QSFﬁIW%
passage 427 i nprohide sasteg40itBHATC OB referdilipMe € B35t Hont I8 pgagd. Ng 630 is
received in an enl.arged portion 427A of the passage 427. Thée bearing 630 is
preferably a s‘ﬁg@%mg]é(a}ti% hedesimgimto rravcle @Opaniveihgs e8tnistay fdveerisoimed of
PTFE, PE or P bearing 630 is forned of PTFE. The shaft
portion 612 e%ﬁ%%ﬁ?%ﬁg}h&%‘%ﬂ%g%ari ng 630 and has a flange 616 overlying
the flange 632. An end cap 640 is securely nounted to the casing 420 in the

portion 42/A and ovgr tgg Elanqe 616, for exanple, by threading.

Preferably;” 15 the ornms a gas pressure tight seal with the

casing 420a The endyg@RefAlct & Rgant £dnd ' [ fluid
Pebhfet & AN Sl RObIELISHP PR SN0 B LOSERS

(e.g., froma supply line 9) such that w _ %JI
di rected t hr outitrkssupplySdde Tod suppivi31 ey bhdopassaie @lAuppliel ihlonk dr
continues into : S 622 .and i.s .di spensed.through the ports 624. 20
Wth referencemé’%%ﬁ%g%?@%g?‘?’ GRRPYS 8T Syl ?ttslgl @rgl"g( SYRBYsefstiing BT r espect
to the intendesbrapitadrittigald. AHeStdady h&B6d FleBithily 283w ForlsiBnr mber
602. Preferably, .the porlqts 624 ar e@di sposgc? at 3f;m a‘%ﬁé%ﬁ%i%%@g) of
bet ween about Buther 5e@s§r@es, and nore preferably of between about 30 and
60 degrees. The por . | sjte . the direction Fi gure 27)
of intended rotati oﬁfr}}.E Sgééllyﬁsrlgslégﬁ&td ecc’?’ggcgﬁ %ﬁh‘? B?OEESSrCZ‘gIBhWS‘P?e"(I? P\gn‘?l ui d
exiting the pdut% whiddh i iprovéded wikiea halds Rl iks cifiRD teSil @R )nt6 Ssshige spray

menber 602 to rotate, gbout_ the axis NNN within the bearing 630. Notably,
because t he becg?{nﬁ‘ff Oq)lr§fe¥ﬁ]95n Yrisel0f4p pdaptqd sugh that fiet GPnfremahi gh

pressure regi Qapp9icah BE dBLRSSIY ey Qe &t
pressure by thqelblégc?_cap 640, thlgecggglr i"ﬁgqﬂllﬂb;ug)ﬁ@t sug}f@gq{é@%?%g{f%é%ﬁshg froma
30 subst adli alprgssessing tanlis,op thedre ato degpresbhiteahmaben4dOyat ardesiredagelistiteon t o

t he ‘hydraulical] r.iyen rotatiaqn, sp menber 602 nmay be coupled to a
drive unit. T?{Br%%g%%ﬁﬁ}%‘gﬁg?}ﬁagﬁ&agﬁ,Pél(gg-ﬁfh%%unp Fomgy Y Feevmeascsl | y

coupl ed to thdigid #erdénit (e.g., using a bearing/seal/drive -45 :

-7 -




2 9 OCT 204 unit configuration) or may be non-nmechanicald § 86UpRM84 (e.g.,
using a coupling force for electromagnetic or nmagnetic (pernmanent, electro-
or induction-driven) coupling). Sone or all of the ports 624 may be
oriented parallel to the axis of rotation N-N. A spray nmenber 652 according
to further enbodine of thengg(ﬁstﬁgt iEve,nti on may be used in place of the
spray member 602 and -®i% FOEMP RbuUied frgaduRyialgnt commerci asere Be doadt es.
The spray nenbefocBid@sh 8s s4¥8bdati ' I t pray
menber 602 excgpt_thag[@?h_e bag&%aﬁggggbﬁggaggg%@f}%%g%ﬁgg%ﬂ@ |’SOQ§QEI aced
with a plate- 8€)#inokseffigisatly diesn forlpmdessing 6f mird-clenr&iOsutawing a pattern

of spray ports erein. Th attern of the spray pons, 674 may be
rodified. It Wcﬁﬁ’f‘%‘%“?%ﬁﬁ%??’aﬁ@aﬂ?ﬁ&CFWEF%%@W%aalE‘h PRVARIE GRETINSS o1 | bed
her ei naboves andthasgases, vegéregldiparticiRtcChadrs Achadid ,ltﬁé"éggﬁ}ﬁ &1L ﬂi@ed for
processes ot her hglgn t hose specifically discussed abové wth redgard to the

preferred embolictidfaPurifigatiomunitBbetaecn the supeliS13nud thetrresdsrefcbamhed di ng a

wafer to a chu ; | d. ot her . es,of suybstrates, .in
other types of o onkBRiRALPURE D3 B BB B i Bty b
fabrication). Uhe-Sgppleyilinesoatdmnrisy Sihehis 30nas) ¢hd RRIRHAGY SHEDS chdwpseof may
be used in other stens g’lrflcij processes using COZcontaini ng process fl uids,
such as cheni ci€ shMsEhymse of Iondgtads ordpdustial emdy Gy, thembamowing] thy itsegfOOD.
The foregoing &gst | | tion and is not to be
construed as I?)%St%%én%ﬁjﬁgh?\gg.ﬁ%%ﬁﬁggﬁﬁgﬂ%wog%l ary enbodi nents of this
i nvention have beenThepenfitstidn utih®denskinkluvdd oh& ot Mereadftthavollowigasbdng
appreci ate thaf gﬁ{ly nodi fi catg@s_ are possible in the exenplary

enbodi ments with elﬂ%%sr?re}fq"‘@ 2departing fromthe novel teachings and
advant ages of this invent] pistilAe&or t SHE i fal i
intended to be included within the g%%%gyglﬁﬁt%%ids | nvggﬂ%ég%%%ﬁ‘g@gg{g, it
is to be under st oodg3sRels RAskor elrtbgsinply. i ksiqind ©Q1 may by dravh, béikedprebsatd

i nvention dis no : CO rued.as limted to the specific enbodi ments
di scl osed,ﬁ;nd that{orfatotgqﬂ??%%l?%%%le%d{eﬁ%mgie%sggosed embodi nents, as wel | as
ot her 30 enbodi nents, ar2 Fhtgtivshed to be included within the scope of the

i nvention. -46 2 9 OCT_204 THAT WHICH IS CLAIMED I S: A pressure chamnber
‘assenbly (400C) for procesMeamprapesapretion @ryfapblytnrrep mabalistdlatbaybat

assenbly conprising: a) : : fini.ng.an enclosed pressure
chanber (410); b) a subs?r%?e orgae&rég%ggb)(jg i’g%&%ga?#%@r?@é’ggﬂ%s%rhanber
and adapted to hol dopleeulssirsi.rate; c) a drive assenbly (580) operable to

nove t he strate | der, .the dr.ive, assenbly including: a first drive
nmenber (5 connec{a@a e atlsr?gjesqc}hg‘frfa%f%&iﬁ orefsss @ad. morpeaEsulayetodhs t h

relative to tQﬁeﬁsﬁﬁﬁ&l&frﬁmd’?ﬁé@yﬁ@ocﬁﬁ%ﬁ%ﬁ?ﬁﬁh&%@%ﬁﬂf&eQ/Q )sra%rgin 130

isolated fromthe first drivé fember e pressure chanber, adrive
unit (582) opetisgyseedihslawy Brefdveblysbisradditiohsle. Ointliest puvified edifig Ahe drive unit

is fluidly iso : he first drjve menber and the pressure chanber;
wherein the seé:‘gﬁ%g%%%%%ﬁ%@n I%gﬁ?&h?ﬂlér&r}ﬁecé’ﬂpﬁéfmtg)]coupl ed to the first

drive nmenber such that the drive unit can nove

25 Waste stream handling

As noted above in the discussion regarding the process, at various times
(including, typically, at the end of each run), processing fluid may be removed

from the pressure chamber 410 via the line L10. Such fluids may include liquid,

gaseous, or supercritical CO,, chemistry, and various contaminants (e.g., particles
30 dislodged from the wafer(s)).

The system 300 inchudes a low-pressure tank T2 to receive the waste

stream drawn removed from the pressure chamber 410. The tank T2 is preferably
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t he substrate holder via the first and second drive nenbé@%;ggg #Wans for
providi-ng a pressurized fluid in the pressure chanber such that the
pressurized fluid is pressurized to a pressure greater than anbient
at nospheric pressure. 2. The pressure chanber assenbly of Claim1l wherein

t he second driye: i S netically. coupl.ed to first drive nenber.
3. The pressulré&(gﬁ%ﬁ%gét aﬁ%%ﬁl%lﬁ%%ﬁveﬁlép?ﬁt%bmtﬁ’&qi@% 1:535.]: ]Fes‘((’l}lﬁéﬁﬁgt (M)

mount ed on t hetteitfusld T2l preferabiib@ricasds GRLOME VHRGRELT hMBlesiRE BEEALLD 1§ e
second drive nenber _adj acent and spaced apart fromthe first magnet; and a

housi ng (587) i nt er PiEentrempesHonmay be expedaditostbe tanl Tagmehichsasstthe hat t he

first and seco uj di .sol at ed .t here -47 29
OCT 2004 4. Th%@gggﬁgr@i@%@}s@éﬁ%’h@%y é*%wuxma%tﬁ%aés 1855 ve
assenbl y i ntl uthes timt bbapiesgré e upknem boaal ﬂﬂimyctohhﬂbﬁcaﬁﬁglwiw thé the
pressure vessel and defini gg a tigcrgndary chanber (565) in fluid _
comuni cat i on RitHTE %@“&Iﬂé 5% thatthaprsssurg diferensiaf foress tey wese segaeintd s

di sposed wit hi fhetihifk PEEBRARL Qﬁgﬁ@n h j ve nenber i
di sposed out si dee t he seconda?li/e%c a erl.?e?g.lﬁ'Tﬁrﬁegg%g’gB?éigé 5;%3?6%%"51‘£hb| y of
C ai m 4 wher ei provides flierpsessdreiheed sethbeno pump utleheramedhahical &EQ): isanRed.ed to

t he substrate hol der, an tthe drive asgw further includes a bearing
(586) interposed bet RerFHUEHE BRLISFUIE Qi msdsishgasigrred femdhe gEssyuEe chanber

assenbly ofo O giambkr WEfceth® tdaRer Kinky B as%a%r?alcmt%é Sg&@@ﬁgﬂ. gsugercﬁa&ﬁ t he

substrate holder relative to the pressure vesse réssure chanber
assenbl y of O BioRsss fiibinay ke exmndediisouchra pessuiedtgtivh deyice&sgira zedrof | ui d

i ncl udes a sup | uj The pre re chanber assenbly of Claim?7
wherein the sug%?(%/g%?r%&)f Erfﬁ’.q" rPrﬁéﬁ‘%ﬁe’g?ﬁ‘éﬁggebWS%HWP@?gW Pt essure
chanber assenbpycakinglide. yietfdal adjitcts uP@lnaiel SFnfihdid ldydleudes 1 quid

CQz and/or supercritical fluid CQZ 10. The pressure chanbér assenbly of
O ai m 7 wher ei WREHEC Hsaivkles therghy dagikiieting thqeafgcnw§marztm d¢flthe ekpasdeldapt ed to

v g e SRR | RIELPCOESER MPTIEL 8 B e T,
provi di ng the pressérsipaditidalCO;ipsocastafpiie thayalprievdxgended i btessiré N t he
pressure chamgr, afondo B itsd LD US R 200H, 1800 Brea Th sy Ssie ™ 4
the segmentation of different process fluids in different segmented volumes of a
divided tank or multiple tanks. Such segmentation may be advantageous to could
20  mitigate the generation of mixed waste streams, which may be more costly to
manage than single component fluid streams. Segmentation may also enable the
utilization of distillation for separation of the processing 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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29 OCT 2004 is 12. The pressure chamber assenbly of Cain2f ¢8dr &8 the
means f-or providing the pressurized fluid includes a tank containing a
supply of pressurized fluid, the tank being fluidly connected to the
pressure chanber. 13. The pressure chanber assenbly of Claim 12 wherein the
means for providing.,a pressurized fluid includes a punp. 14. A pressure
chanber assentf* 6{5%60@“3?%?‘3 BeSsnrgechanisploneans sughsgs pressare stidersnfial

e s honei YRty [1the Bt Y RS GRMPRRes S MIAINAR: ERE 135

pressure chanber (410); b) a substrate spose
pressure chantibereamy bedzyetafdnare séyarate lines delibsringthe resaative sepuratedysiedais dri ve

assenbly (580). 0operable t ve the bstrate holder relative to th
pressure vessefl;‘Qe e %ﬂflggygk}eo g Ao Beams Ay pertregied aflﬂd’crﬁ‘%e‘gressure
chanber suah tﬂmegmlﬁgesm@@(bvﬁhgm&&pr essurized to a pressure
greater than anbient atnospheric pressure. 15. The pressure chanber

assenbly of O aim 14 whekei n €Bemarbadispesed of dvpuingnithepratisgor zed f ui d

i ncludes COZ fl uid.4.18; e.c er assenbly of aiml erein
the supply of COz fqréjlgldl gimn% §é§252é0n%5§%ﬁ oéq’p@ﬁf@i)%g?ﬁggﬁf éﬂﬁgy%anber
assenbly of C ai m Lfarsibiedess) t he supply of COZ fluid includes liquid COZ
and/ or supercritical fluid CO2. 18. The pressure chanber assenbly of Caim

15 wherein the neans for? provk'ei B8y badiresilysypplicdad tha nrpssureschambpt 40 t o

provi de t COz fl uj;d, s f [ ur, f. . | east 400
psi. -49 ", 6 ect ‘é”é%%“%ﬁ%gﬁgfi?’éﬁr%ﬁgi@ﬁ%%?ﬁ%ﬂi@’é%ﬁ%% Y8 fiigfons

wherein the nmeans fumit P3.0VhelCOg at telivpredss tired presbufd dhiathbes4 HlaRfu@d theo provi de

the COZ fluid in tge %urg chanber_ at a pressure of between about 800
psi and 3000 psi. 28* BY B & et Ha M OosRhSEIGPRSASWR: 10y vileR 936C {iteei n t he

means for providi nghelil}ed BY §8 &idtnl % 8o bitivgk 4 A0k nkhg a
supply of pressuri zgd fl uiltjtlxe',i t he ta%k %é?en%faﬁ%llgﬁﬁ)ﬁaoc%nne%@gg&?ég%ge

pressure chanber. Zhambpeatshebsginméngtfmaberydssenbly of O aim 20 wherein the

T o 300 O 108 P o L OIS, SRR 2 AR
- 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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the pressure chanber assenbly conprising: a) a pressure véss&CTdéEdini ng an
encl osed pressure chanber (410) and an exterior opening (567) in fluid
comuni cation with the pressure chanber; b) a substrate hol der (552)

di sposed in the pressure chanber and adapted to hold the substrate; and c)

a drive assenb r.abl e the substrate holder relative to
t he Ip\r/essur e végglg?‘%g%shagpﬁrr%gs%%%ev \f%/prilcﬁg? Bﬁ?rﬂﬁg ﬁle%?fé‘i“ﬁéﬁ%%@)%b\é‘?/eri ng
the exterior opemiveghofubstete@) @ss wefefkignber so as to seal the exterior

opening; d) nmeans far providing a pressurized fluid in the pressure chanber
such that the pr ess&@?&'@‘%ﬂlfm Aressyiang theickamberds ko yane $siphamberasingra t han

ambi ent  at NS pPAGHiSlRLESSHN & : 8 re chanber assenbly of Caim 22
wherein the drive agsen%%y ﬂ%ﬁiﬁ%g&é@%%ﬁp@g&ﬂgm eurm;tglg% egﬁﬁgﬂgf% t hr ough
the exteri o opem g mesuedntiecireduteachinbesatigst r at e hol der. 24. The
pressure chanber as nblﬁ%sgof 22 wherein the nmeans for providing the

ai
pressurized fluid i ur&"?&i& 2 BRY elep be reduged using a vargr epvam04 25. The
pressure chanbgssteas SEIRY. f i uid
&fs mgﬂ%w@aﬁfd@o%. what! &k o%%@%@@aﬁg@a}%&é

i ncl udes dense phase CQz. . The pressure cha se im25
wher ei n t he sufsgtuyesomd@spect afitbe innthodsias! driperang dDEfsadil OIS, Paper criti cal

fluid CO2. 27. ressu S |y of im24 wherein the neans
for providing éﬁ@?cﬁﬁgrs@ﬁ?i eggjgﬁg’?é?’iqﬁei%%/@hﬂtﬁ @%ﬂﬂéén% Fagsnt £ 1 uid in
the pressurte chpplietionSen Ny, 09569 254 fflat SdR@uberd802@%) - 28. The pressure
chanmber assenbly of C aim 27 wherein the neans for providing the

pressurized fluid i4 ‘daepieedrervtapk gubiesirined QOzaifitnd2d is nsethe rapidigsur e

chanber at a p, 0 i ~and 3000 i. 29. .The
pressure chanbéeaﬁﬁggstg)r%gf@?%w%% giof?ngggs %%g? sﬁiOE%@Oﬁ%gaﬁ%d??F%ﬁ%@%%ﬁ ng the
pressurized flLl8 Thetapdesd @0, ankypically Aighi RiGuBersHAEd Yiuti, bBf 8 Y& h BEGIal | vi d,
the tank being,.fl i%ldy connected . to the pressure chanber. 30." The pressure
chanber assenb@?"%‘fc a5 OGRS isirferably framribe bettom pbiheshargber 43Péssur i zed

e et PO SRS I BheE AR
substrate hol derdapetsauriaed very tebidly. 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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pressure vessel. 32. A pressure chanber assenbly (400C) for2 %rqgas?@%g a
substrate (5), the pressure chanber assenbly conprising: a) a pressure

vessel defining an enclosed pressure chanber (410); b) a substrate hol der
(552) disposed in the pressure chanber and adapted to hold the substrate;

c) a drive assenbly rable to nove e substrat | der,. the drive
assenbl y i ncl udi ng: Tfhg%%or%g& YEGH LAy e e&rci‘)%r%‘?fﬁ’e‘;r]f%( Bsﬁé*}ln%gﬁnect ed
to the substr atenifel cfanattodl frovy eREéssiitehemby108b Ald B0t RcdRey %E@iur e
vessel ; a seco%d dri vei menber (592) fluidly isolated fromthe first drive

( :
menber and t he 'BF &S ¢ Hgmdof 2 FFeeessing ¢yete, thei nressB8Thawper4fineat ke atove

the second dri ygy &fe &€l ' unit is..fluidly.isolated from

the first dri ve?gnerﬁnggegr ea(n “t agla{[}r’agosg{sa&%ééu\é%%rn%séulpfs rcﬁﬂg?'lg‘llﬂé’r’fqg <gée§l§ <drive
menber is nbn- A8¢NHamidiad vapoc mepted tink rhdyebd dtladbwrdsv@e MBTh@er SUCh that the
drive unit can ,move t.he_ substr at gql hol der via the first and second drive

members:. and dfiSHCSHHET hedresess chambe 4P i algw fonnetbien) peessiie Veyess ur e

chanber. 33. Thegic SUF : i Fhncl udi ng, a,t.ank
cont ai ni ng theasqg{oqui%gftg%%%a%ﬁ{%ggﬁﬁﬁ%%%@rtaﬁ%%ﬁpp ?/Hg% S%lga]%? Efih%}evm thin
the tank is nabatiag Wedngerity of thesSQy, ehqveathembeizanayelriqgalized] sMishBer i C
pressure. 34. The pressure chanber assenbly of C aim 33 wherein_the supply
of COZ fluid within the fank PARPHEFEPr Rayde yadipushymorg 60, fiom the arainr e

chanber ass@nbly of pfdcaismohamiber Bithe H}J%r—%é%?'ta)ﬁkoéndcoz fluid within the
tank is pressurized to a pressure of at |east 400 psi. 36. A pressure

chamber assenbly (400C) f) r pPé@@@éWh}ngaewbmtmkma(/B;:pg&dl(e.gpdﬁssure
bressar e chanber (41DFrps Handthy & RLERAHR AFhEws LSl il ierae

pressure chanber (4 a subs
pressure chanber andreaslaptpitie peeshot dhddigeraghstrate; c¢) a magnetic drive

assenbly (580) oper %bl e to nove the
‘ compressor may also be, used to remove the material from the vapor

15 recovery tank(s) between the end of a first run and the end of the next run at which
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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‘substrate holder relative to the pressure vessel; and d) a Qtﬁamjm ohniCcaZ
flouird f1uidly connected to the pressure chanber. -52 37. The pressure
chanber assenbly of Caim36 including a tank containing the supply of CQZ
fluid such that the supply of COZ fluid within the tank is maintained at a

h C ssure,.. 38. The p ssure
P hanbor - assenbi i 8 R i e D B B ES TR o Figaipe #1 04 aPRPIFd: ne
tank incl udes dkan@e4pﬁumeomnd?pamo£befﬂfee:§§ﬂgse420hat@%rmﬁﬁ%ﬁ:{étnel hn Qf tfd al m
37 wherein the %@gg CQZ fluid within the tank is pressuriz to a
HhaoH

pressure of at Oy sihe CAEEBPSA@‘H&C@E%’Qﬁéﬁplﬁh@dﬂ@eﬂdloas@en@lqgs(ﬁﬂow for
processing a Sypsd Lo Bl%teﬁ@ito ahrb?leﬁégséﬁbﬁ% Siamm ﬁ ass§nb| y comprising: a) a
nclo

pressure vessel def ning an e ressure ¢ (410) and an exterior
opening (56¥) in fluid comunication mnth the pressure chanber; b) a

substrate hol der (5@2?E g: sgosed in the pressure chanber and adapt ed to hold
the substrate; c) a enbly (580) operable to nove the substrate

hol der relative to MhAaRf RSSM4MSHEFS 860 1std'{tga 9e;d %{?hea&%%@@ Yid & ﬁ%g«ﬁ‘e%so as

housi ng (585) covering the exterlor openin he pressure c
to seal the extmRuprsr gbpdhicalgr 46hahdd) lowes gypd Yeaér 4907 ThkwugrdfHettiedl Y

h 41, Th hanber assenbly of
& a0 m 40 1 nol uleREPE P ROEHH ARG OLHE SLBBFYeBr beCH e dFY TacK t hat ¢ he

supply of Tz ﬁlhtd:hd)ruhﬁdm 310tibgishadRl ih ﬁue%!d?ﬁ@%lﬁﬁe%tll%e e%ﬁ?ﬁér eat er
t han anbi ent at nospheric pressure. 42. The pressure chanver ly of

O ai m 41 wher ehsqiarpd6Z ﬂﬂsla?déﬂad@?r:ﬁdm &up@omtﬁémvgﬁfgfrgg?ﬂmmhgm}mwgmrédg?% e41
\aﬂgfgl ﬁotz he gﬁppf y&vo‘%%oéfrﬂ&ﬁi aters[echl nﬁ?ﬁ ASBRY I’i’%‘“‘fﬁ’iééﬁﬁ‘i“?é&
pressure of atgioeas464H0Mecmdber guard heater 462 and adapted to direct fluid through
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 opposmg
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




44. The pressure chanber assenbly of Caim40 wherein the drﬂ\&o&gs@ﬁ%y IS
oper abl-e-to non-nechanically nove the substrate holder relative to the
pressure vessel- -54 29 OCT 2004 PRESSURE CHAMBER ASSEMBLY | NCLUDI NG

DRI VE MEANS Abstract A pressure chanber assenbly for processing a substrate
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eater 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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470 may substantially thermally insulate the guard heaters 462, 472 from the
25 casings 420, 430 so that the effect of the temperatures of the casings 420, 430 on
the atmosphere surrounding the wafer 5 is reduced or minimized. Restated, the
insulation gap 470 may substantially limit the thermal mass that must be heated or
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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The insulating layers 471, 473 may be formed of crystalline fluoropolymers
10 such as PCTFE (polychlorotriflucroethylene), PTFE {polytetrafluorocthylene), or
PVF2 (polyvinylidene difluoride). Preferably, the insulating layers 471, 473 are
formed of bulk PTFE, virgin PTFE or glass-filled PTFE. The insulating layers

471, 473 may be honey-combed, open cellular, or otherwise constructed or

configured to enhance the insulating performance thereof.

15 Preferably, the guard héater assemblies 460, 460A are adapted to provide
temperatures in the pressure chamber 410 ranging from about 0 °C to 90 °C.
Preferably, the guard heater assemblies 460, 460 A are adapted to provide heat to
the atmospheré in the pressure chamber 410 at a maximum rate of at least 500
joules/second.

20

Pressure chamber sealing system

The casings 420, 430 which define the pressure chamber 410 also define a
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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includes an annular inner wall 454B joined 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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deformable, resilient material. Preferably, the O—rmg 452 is formed of an

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-ring 452 may serve as the primary seal to prevent or reduce leakage of
atmdspheﬁc 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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10%& () - | Y!510%&tadr) thRsvadEtx(d the chuck 522 by means of a pressure differential generated by
rotation of the chuck 522.
The chuck 522 has a front 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 F~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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5  includes a wafer holding assembly 550 and may be used in place of the chuck 510

~ in a pressure chamber assembly 400C (Figure 23) otherwise 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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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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flow restrictor 566 and a storage tank 568 to the line L40. The flow restrictor 366
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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Y& ()-nD{\ 3 1 chamber 410 to generate the desired amount of pressure differential across the
wafer 5. In this event, the valve V30 is closed and the valve V31 is 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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()-8l $ vlamalpassage 622 in the portion 620. A series of spray ports 624 extend from the
passage 622 to the lower, outer edge of the distribution portion 620. The spray
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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101\ 109 ()5 s109%&' A)spraykdbdr)e52 26Cordiflg 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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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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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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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 at least 400 psi.

28.  The pressure chamber assembly of Claim 27 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.

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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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
410y
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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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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43.  The pressure chamber assembly of Claim 41 wherein the supply of
CO fluid within the tank is pressurized to a pressure of at least 400 psi.

44.  The pressure chamber assembly of Claim 40 wherein the drive

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

pressure vessel.
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