WD 03/ 023827 PCT/ US02/ 24004 PRESSURE CHAMBER ASSEMBLY | NCLUDI NG DRI VE
MEANS Field of the Invention The present invention relates to pressure
chanber s wuod3/oss2e particularly, to a pressure chanber assEmsog,2ice! udi ng
drive nmeans. 5 Background of the Invention Integrated circuits (1GCs),

opt oel ectroni c devices, mcronmechani cal devices and other precision
fabrications are commonly formed 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 manufacture of sem conductor wafers including 1Cs, a thin

phot or esi st | ayer i t 1 : ‘ nd
subsequent |y rem%@ssuggn%%%&g§%ﬁn@mgﬂﬁﬁfémm@%of
m croel ectronic substrates after various manufacturing steps (e.g., after

post-ion inplant, “~back end of the line' (BEOQL) cleans, "front end of the
line' (FEQL) cleans, and post chem cal 15 nechanical planarization (CWVP)

steps) vary in nature and conposi tyon ﬁtﬂgﬁyeﬁﬁl Ly. Accordi ngly, cleaning

and treating steps nust address t ts with the appropriate
chenistries and solltenrssetnineirtioarelaeacd prebsule chaibeiszad, flogsgiriicularbyel | |
di sperse, enulsify, or vaporize hemIrlom he substrate. As such, a
variety of wat'8@ éq]saurgapqglmr_agsg ue NVgdRcadfy cl eani ng processes 20
have been devel oped to address the broad variety of waste materials.
Summary of the Invention According to nethod enbodi nents of the present
invention, 5a method for cl eani Backgrpiind ofthedinvemtien subst rat e i ncl udes

pl acing the substragte in.a.pressure 25 chanmber.. A process flujd including
dense phase CO(err ;infegr 4 eldrcélﬁ}lgs[ @gs)f RPGSESRT I He 8%%%1%&‘“%8%’3{4?31 &t"l’%s‘ process
fluid contact santiloehes pRsisioat febrichtienPdd s6mafont@rEd Bikg tHis filmd appRe@ 3 023827
PCT/ US02/ 24004 cyclically nodul ated during at |east a portion of the step

of circul ati ngubsealssr Seeas of fhe fabrication preepy it often nevessaneioiedoendodi ment s
o 1o PLEST BN o 056l SE0A, BOELOBAEAON°
process fll0i d mamifactiiragf sherisendpbias evaleef mchidingsICspa e phabiesist lagershdst r at e
in a chamber. b-gha%pl?gda t% E‘E\heosfenl{i(r:]oei\ldlcl:cg.t%r iSLﬁ)sngtcélaing %\llblsgqlge?ﬁg lr?rgggedqur 'ng at
Contaminants removed from surface features of microelectronic substrates
after various manufacturing steps (e.g., after post-ion implant, ‘back end of the
line’ (BEOL) cleans, ‘front end of the line’ (FEOL) cleans, and post chemical
15  mechanical planarization (CMP) steps) vary in nature and composition
dramatically. Accordingly, cleaning and treating steps must address these
: contdrrﬁnants with the appropriate chemistries and solveﬁts to either react with,
ionize, dissolve, swell, disperse, emulsify, or vaporize them from the substrate. As
such, a variety of water and solvent-based systems, and dry cleaning processes

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

Summary of the Invention

According to method embodiments of the present invention, a method for
clv‘eaning 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



| east a portion of the step of spraying the process fluid. According to
further nethod enbodi mnents of the present invention, a nethod for cleaning
a m croel egxoymsse7substrate i ncl udes providing the substr aca/Usv2/24004 a
pressure chanber containing a process fluid including dense phase CO2 such

that the substyais it . Ih f. the CCR Is
cyclically nodu act %%ﬁlogglg%ﬁ%%}‘lﬁgta f %gSt%n}Pés(gtﬁ%]%\%ﬁ Bg?WéﬁHX&C%%WFVSOf co2
I 1 dgfl I

and the chanbémidand between the chanber and a | ow pressure source. The
supply of CO2 is at, a higher ressure than the chanber and the | ow
pressure source is%forglngéﬂém%r‘@ﬂdeer@ Hne@sof‘lhépm@#béwnﬁ%@or ding to
fur ther met hodhoataqs} el #fnitibeleRfGERnsll S0 I Ring TR AL, ¢! eani ng
a mcroel ectronic substrate i ncludes placing the SR e T h s pressure
chamber. A pr pressge thamltgr. Agiroctss fuidiensledinhderse@hasd GO} ixtspeuded edtoithé 0 t he

chanmber such that the process.flujd cantagts. the substrate to thereby clean
the 20 substr &t é%raﬁllﬂ)ﬁl‘:@% "o Hbasﬁroggbes(g&k l,slﬁyehqaily ¢l durgg athe
chanber. The pQstd @itioéf thEiePpoP§REFnE kd Hodess Afd Nt roduced into the
chanber. Accordi ng&tho furtherprreglﬁog te’nborg?rresnt sld(')f t he present i-nventi on,

a nethod for cl eadicegdiagie Exrther msthodreimbodimstts af the prestntdesentibac ng t he
substrate in r e.ch r rocess fluid including depnse phase CO2
is int roducedgfeﬁkﬁgqgéé{%aﬁ%n%%g?n%%?h@ﬁ@ﬁc §uﬁ>5tlrat? Hgﬁ‘ﬁeﬁeﬁc’é’é&lg CFUBHTHSE s t he
substratel® o bpedsalry cldnstien comeinirbpiotas BuidinBREiHg RS pHabS CPY, 36&SHad | Ui d

is renoved frgqmthe chamber. The zﬁ)ortion of the Erocess fluid renoved from

the chanber i Bedieyiatq isgxpesed éhe £1Qe- Abe phrsefiter GO icwyehioslbrmedwited he

process fl ui dyy 7 t [ = ] i nta the, chanber. 30
According to %rt e%ﬁ{r‘??{gét%oﬁgsés odP%&sbgM @ﬁgﬁggé%%‘ijnfhefﬁ%mﬁ%’ , a nmethod
for cleaning betweer thelckahbarind adoypresaire soures. UTRSsuppBas OQ, B SuBsHeAat e in a

process chanber usin process fluid including CQ2. The used process fluid
is -2 WD 03/ 0B88BF %%Tﬁﬁéﬁgﬁfo@ﬁ tH‘? SRFUFG WHF e apt lovss grespatian. Co2 i s

separ at edi 5 r ofRetchgnbsed process fluid. The separated CO2 is reused in the
process chamber or a further process chanber. According to enbodi nents of
t he present inventfesprdiag tapphenmgthofl smbotlissmmtsaf the piesem éhventionni ¢

rocese 11 ui P oo (R R AR B SN P PRE R R et SR Trhat t he
process fl ui dpressitectambeheA pubrsty Aie inclidn@paRE dhats doF khaFodubs] Mees neans
the chamber such that the process fluid contacts the substrate to thereby clean the
20 substrate. A portion of the process fluid is removed from the chamber. The portion
of the process fluid is re-introduced into the chamber.
According to further method embodiments of the present invention, a
method for cleaning a microelectronic substrate ihcludes' placing the substrate in a
pressure chamber. A process fluid including dense phase CO; is iﬁtroduced into
25 the chamber such that the process fluid contacts the substrate to thereby clean the
substrate. A portion of the process fluid is removed from the chamber. The
portion of the 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 process fluid is



for nmodul ati ng the phase of the CO2 while the process fluid is being

circul ated. According to further enbodi nents of the present invention, an
appar at uswa @ro2szd2eani ng a m croel ectroni ¢ substrate usi ng PCTpUSHICRE®4f | Ui d
i ncl udi ng dense phase 10 CQ2 includes a pressure chanber. A spray nenber

IS operative t ' nto_t he bstrate jn the _chanber.
The appar at us %ll}ir%? rE]g?TO?ﬂ@F@gdgg?gS%ea%Eé&l %(?2 léﬁgﬁr%tﬁiﬁ‘?“}rt&}ﬁﬂﬁ RrAgEst Heidohase

of the CO2. "AcClr stpagtadC@nisoelisadirt the pfoctdsahpi®seiia NN HORS cﬁﬂnﬂ%?.par atus
for cleaning a mcroel strate includes a pressure chanber

ctroni ub
containing a 15 pr o‘é%‘é%‘%flgﬁc? WE?F@!“GH?H thedessniyinsendioBORn aphasmppioy of COR2 i s

fluidly connecglgddi keerbélg, f I s at a higher
pressure than the ¢ a<l';1rrberr§1 A ow %?aégs-gﬁ%@gggweégu?%%r@ MEERWEEt abl e to

the chanber. Theulating prresssy Buid smindieg densaphasel QOEhrdHA S5 bR chhe

chanber. Fl ui trol devi.ces are operable_ to cyclically nodulate the

phase of the %Bgtqﬂ%pﬁorqgss?ﬁgqiﬁ%}ta the Spbsiraly Thg apparat firthss irfclusies saneen t he

suppl y of CCP fngholilieriehahnscatdhdeDintl i, haThel  ad Lhe L ow pressure
r

source. According to enbodiments of the present 1nventi e SHCWBSEr at us f or
cl eaning a i croel ettaording tesfuberemtwdimeitudbhe presemsavitios apkraaRd a

supply of a .d_incl udi nqg dense phase CO2 fluidly connected to
t he chamber. ﬁb gﬁg%ﬁ%%ﬁlgﬁale?{/%’ﬂ%ﬁgfﬁ%? Heeg apreqess fluidiingludipe depsaabassd t o
the chanbdf arCOpipeiudes & prebsare SRpdeAt 8 sHER Iﬁéﬂgrtiﬂgpe‘?ét%%g r%&, jd. The

i t separa %

distilling systemis operative to re- introduce into the
chanber or a fRPGEReiuidioatbe substatsiaitharhembentsbt appatasusdirthdréngindsent

invention, an rﬁ&ﬂ@?ﬁ'tc?@liéaﬂ mguggim,%c@?gei ﬁgﬁ(tg?l tronic substrate includes

a process chanber contal ni hg pro ’ncl udi ng CO2 and neans for

removing used processofding  cubodirhdies ofthe pRSENt GRRRRSH, an HiBaraRR AL US
C2 from the used process fluid and

further incl ud%s nmeans. for se .ara}'gi n :

means for retd ﬁplﬁéatrﬂ’@r%eieﬁgf’ EL! séf&@@“@%@@ﬁm@%amgaa further
process chambero Ewﬂtﬁﬂm&ﬁﬁ’%"@l 1148 Bhase PCT4 US02/ 24004

Accordi ng to 2m§odi ments of T he prﬁe%ssgg:td/z\?r‘f\g%{r#?}gﬁ{?ég“r I ¥§°’&'?ﬁfg°5’é6r
assenmbly for {&thewhember. disstuprly of Coelivmethigher psselre @it the Shipgierape hol der .

and i net ades. 7 Bk s SRR il BatieeRh e B chrmber - B owimesates T adapt ed
to support theouicsisiash lave préssurk sl tho BRnbIEEBE HART JEREENTS op&anper di y
fromthe rear toscuyrcIige(x:Iﬁ/ rfallgc(ijulate the phase of the COs in the chamber by alt i
2 y alternating CO,
20 mass flow between the supply of CO, and the chamber and between the chamber
and the low preséure source.
| According to embodiments of the present invention, an apparatus for
cleaning a microelectronic substrate includes a pressure éhamber and a supply of a
process fluid including dense phase CO, fluidly connected to the chamber. A
25 distilling system includes a still fluidly connected to the chamber and operative to
separate CO, from the process fluid. The distilling system is operative to re-
introduce the separated CO, into the chamber or a further chamber.
According to embodiments of the present invention, an apparatus for
cleaning a microelectronic substrate includes a process chamber containing a
30 process fluid including CO; and means for removing used process fluid from the
process chamber. The apparatus further includes means for separating CO; from
the used process fluid and means for returning the separated CO, to the process

chamber or a further process chamber for subsequent use.
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radially with respect to the rotational axis. The inpeller vane is
operative to generate a pressure differential tending to hold the

subst r at emooo3tkss23ubst rat e hol der when the substrat e hol deT/iS2rawat ed
about the rotational axis. Preferably, the process chanber assenbly .
includes a plurality of the inpeller vanes extending 10 rearwardly fromthe
rear surface and radicatding Wi dnbodtagesbf the ptdientifatio Bprodesk Shammdecor di ng
to further enbodi n%s of the present jnvention, a substrate holder for
use with a subStemblpiosase withssypstiainchidesa yenselfandafabstratehalders Theont and
rear opposed nt j t Q r{. th
Gubstrate. At fehiies [eRanba TheULORAE Aol RaPE Bl Pl YO Bt oS e

surface and r drtinahd/reat ¢gposé&d swefapes t THedrdnin surfasedt hdupedd ta&h%mrﬂ’(h@ i mpel | er
vane is operatiyve tos{;elnerate.a 1ressure gifferential tending to hold the
subst rat e Po. (HESTElf A% ORG IaRA ek e trads isseardbetrom dhaferr Sisfapansk ed

about the rotahdianalitB¥dspect 76 BleabaRbYal akide T%Q%élﬁ%a?@fsg)ﬁé aliigludes a
plurality of the 1I'npeller vanes extending rearwardly Tro FRe ¥ ear surface
and radi al | y gandrhteragsessate differehialtertdatg torhald theissbst2t teahosubstige holdset hod

nmbodi t f .th t.i ti , hod f ot.at bstrat

hol dor about _aeaded RERERE noltePRreRlin o o amaL g S, thol der - The

substrate hol gescesd Hatibesadsémbly iﬁﬂddés%%lu@H@Q%QAtﬁ?ﬁh‘ﬁécll@Pg&es Iﬁ@ﬁiﬁ nt
nmpel I'e

surface is adapted to support the substrate.” . east one | vane

ext ends r8ar wearwesdly from theecar sunfacs and eadliallamvith sedpertt ko thairotatioreé pést to t he
rotational axis. 2 . : l,der .i ot at ed .about the rotational
axi s such that t he%%’%@f’%‘? %\h/gﬁéereenggﬁg? é]ttse(iftée Beagt fen, ny,faespgﬁ{a%em t endi ng

to hold the subkler fir@sé withhsubsthad hatarrotatiohd ekis »HAFarEH- Recltdes BFRosidrent s of
the present invention, a pressurg chanber, assenbly for use with a
substrate i ncl¢RI&BPeseY Wdraes-ahhe Houl MEasewis adariedtor Suppor deeibstipte. e vessel

defines a pr eg&.@{ ﬁ}e(sig@gfgﬁr\zang B&esiRh Wl By @r%hﬁ@rg rr@zﬁtss éeyaéldirmi%lgﬂﬁgq‘l ger

substrat e hol der in the pressure’ cha , e substra
i ncl udi ng la f respectsutifeacrtiank piisd The impgfrovand Bepstakist tageneratwprassheisi ng

defining a secondary, chanher. | east. _one copnect | passage provides
TR R A S T S TR R A e e e e
surface of theorePstrbRicd ABOUARE ratiibralkis CERRIMY, the RAIRSE holllREinERABECT | Ng
passage is adapted to be covered by the substrate when the substrate is

nmount ed on t hé Pluralify of thefimps!len vanhee densing rpaovardlyfeom the nparswifees dndw
pressure sour ey iR, [kl GORRG6HAGA Oxikne secondary chanber.

20 According to method embodiments of the present invention, a method for

rotating a substrate holder about a rotational axis includes providing a substrate
holder. The substrate holder includes front and rear opposed surfaces. The front
surface is adapted to support the substrate. At least one impeller vane extends
rearwardly from the rear surface and radially with respect to the rotational axis.

25  The substrate holder is rotated about the rotational axis such that the impeller vane
generates a pressure differential tending to hold the substrate to the substrate
holder. | |

According to embodiments of the present invention, a pressure chamber
assembly for use with a substrate includes a vessel and a substrate holder

30 assembly. The vessel defines a pressure chamber. The substrate holder assembly
includes a substrate holder disposed in the pressure chamber, the substrate holder
including a front surface adapted to support the substrate, and a housing defining a

secondary chamber. At least one connecting paésage provides fluid
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5 According to further enbodi nents of the present invention, a pressure
chanber assenbly for use with a substrate includes a vessel and a substrate
hol der aw®ers23827 The vessel defines a pressure chanber. THE/BUWDRIMWAL €

hol der assenbly includes a substrate hol der disposed in the pressure
chanber, the substrate holder _including a front surface adapted to support

t he subst r at eCorBRyNSatAReIWerndhs TAnhyriacae of he suhirateholdrsape fhe SACQary i cti ve
passage provi Qﬁ"i“ Uirfle SEEBUG 1.Qp; £HPH fgb% and t he
secondary cha erqek'Adtrﬁlfi east ?@%%%ﬁé%ﬁaﬁ%ag%gég‘gﬁ% pr ov%glé@a? ul den

comuni cat i ontheatemte it heuhtedron thaifrbaicsarfate ofvhe sullsgttedioklehoAdessianlbw t he
secondary chanber. The connectin assage is adapted ,to be covered by the
substrate wheRPHE® Bt 1P QPEﬁY goq%ﬁgfﬁa &&Gﬁeioﬁgm’fyﬁ%‘ﬁ?b%r face of the
substrate diol der.  lacqding¥ RiARSHLBoBRRAGR iR rleéé'nfiir%(/eﬁ%[@?{&ﬁu& o the

secondary chanber. According to nethod enbodi ments of the pfesent

i nvention, a ohenihedafsemblyrfor dsenwitlaa sulistretedneudes aavessehand asebshetedwoidern a
pressure chanber |ncluydes viding a fifrst pressure. i tgf ressure
chanber. A suﬁsasf“_f“hg'e IW?&@@%%%VSFL? ﬁﬁ%?egegie PHRSrAFHo eégisﬁﬁ’_z’rx ate
hol der di sposgdiidas b BesRERHOWeEdis & thelga&ssaeRBbMBECTRALBRFatAbIAC! udi ng
a front surface adapted to support . the substrate, and a housing defining a

secondary chatnsbidings fron sutfacrdapied tesunpay thasdagaie mnd\a hwusing defining a

comuni cajd on_bet yween, t he front. .surf f th bstrate hol.de nd the
secondar y{d ch%eﬁggcg\%rey ‘flﬁaén%seﬁ'bs rrg%tf“séﬁl\lfes&‘rir%a@%tp é%V1§eﬁ,sff%§E%nl}%§P1rc§{1ée’n l?f:ctﬂ§7 8éeinr such
that the substheadré&sure@i&hbertané R0 NchapiRs Q€ lcad (he CoMttcine i | S
provided in the secaondary 25 chanmber that is |lower than the first pressure

using a passi PEVIdsHilgidsosuRaniction betweep g tranttyriacs ofithe sibstratghalsigr and
enbodi nent s of .t ' t : j rate to
a substrate hgqeéggonpﬁﬁglﬁlgéﬂg% C?ﬁgb%lgg P ?%f&‘?ﬂ%ég%ﬁ@glv@d‘{bﬁaégw ?Ir%ést
pressure in t hspatesden checdubntioate is Mowudrbon tiedrdmo bulace af thersabstratsholgerovi ded

i ncl udi nglﬁ sggstrate hol der .dr}ls&];)sed in@tehehgres{sﬁélre chanmber, the 30
subst r at e*hol GePViREFHGISAY a7 Y CQURtcAE O dtasRcerday ort the
substrate, and a RBeusthng t6&fctHddRentRIERGRNERILY prlaitiSVentibn LabthbE Fdrve
passage provides fluid comunication between Fhe pressure chanber and the

secondary chahtding aaubstragaiora Bieraie heldet inrmprpsysadempeninclydes providing a
communLcat | onsRSSER: 1 SRl kel 0% SRSOATH BRI BRI 100 oce o
on the subst r gictudivg deibstgate holdaedispdsed fiths prate chaabe, thbsulsaanrdoldeng
PASSAe: £ S haNidiny o Bomt surface Alaptad 5o Support thS substiate. Had’a Konang defitinga | -
secondary chamber. At least one connecting passage provides fluid
communication between the front surface of the substrate holder and the secdndary
chamber. The substrate is mounted on the substrate holcier such that the substrate
covers the connecting passage. A second pressure is provided in the secondary
25  chamber that is lower than the first pressure using a passive low pressure source.
According to further method embodiments of the present invention, a
method for holding a substrate to a substrate holder in a pressure chamber includes
providing a first pressure in the pressure chamber. A substrate holder assembly is
provided including a substrate holder disposed in the pressure chamber, the |
30  substrate holder including a front surface adapted to support the substrate, and a
housing defining a secondary chamber. A restrictive passage provides fluid

communication between the pressure chamber and the secondary chamber. At

least one connecting passage provides fluid communication between the front

-5.



than the first pressure. 5 According to enbodi nents of the present

i nvention, a pressure chanber assenbly for retaining a fluid includes
first andwgemsansk2rel ati vely separabl e casi ngs defining arrcamgdoesen4 chanber
and a fluid | eak path extending fromthe chanber to an exterior region. An

i nner seal menber is .disposed, al.ong.,the | ea th to strict .flow of
fluid fromth8 Sﬁ%gfe stfaﬁ%h@%rea%pél}e ﬁeéﬁ?ééﬁy%%t iﬁe sybsiratidiyher s 10
di sposed al onghguiedlopake a?otfsﬁ?tfe%rg&fwchwltﬁyxﬁxrbsﬁﬁékoﬁ?g@%oﬁ{&eﬁwe exterior

region to restrict flowo ui romthe chanber to the exterior region.

The inner seabassagarb®sedogd pressipe ssqubvidgdiohe senpnidaryfchambertha iblodierent s of
t he present i&ve%ﬁi}gn aésoressure chanber assenbly for retaining a fluid
i ncl udes first™g BEBWEWEI ati vel y 15 separabl e casi ngs defining an

encl osed chanber apdcardidgib@mbedikieRatdT texXpresdit te/enfis Mptdisure RRAEY to an
exterior region. An inner seal nenber is disposed along the |leak path to

restrict fl owasemplyufod retpipingtafiid ghides firss andheccond eglativelyr ssgireble cagingout er

and t e oxt or R upLg SRR Mt F abE S RP st PR Relp o MEieniRr €5 he

exterior 20 reg@é@@riorliegionN Merins@atal Mesihies id disposeti Blong Me ledigath WRktrizeal
menber is adapted to, restrict flow of fluid fromthe chanber to the
exterior regi davafdhiditgmale chamben i the exigrantsaione vibewer salynemskerie of the

exterior {ggi t th h S [ C1. § f
Flud from ThasgoTari o L e BN REARER U np 8R0S Embe ST bt
chanber is | essresthiahflewpf @asiiren die dlambextoehe exteriegicgion. The Amensedi ng t o
enbodi nents of t ng{esent i nvention, a pressure chanber assenbly for

processing a 5 %UPEtludes a pressure vessel defining an encl osed

pressure chanber. A-shlsld8tigtHPLaBsdinentl TRRSSdsdn idvBRidH, 8 plebige Chanber
and is adapted to hold the substrate. A drive assenbly i$ operable to nove

t he substr at echanahed @ssentbhelod rétsiningacsibni includes finstend second sdlatielywe nmenber

connected,{o0 the substrate hol der for vement therewith relative to the
pressure %/§ess ?paﬁ%ge %as%ég%t%n%l% gngﬁogggﬁ%%ﬁrlﬁnaIaﬁﬁ“ﬂ?fﬂé?%tg efifef}ﬁ'\nfghe first
drive menber aoeh thBehfhesssheexte@TOgion. AndhhdrGeal thdmbes iPdiSFoIEd foh® noOVe
the second drive nenber. The drive_ unit is fluidly isolated fromthe first

drive menber Hdeakrathmssirelionahfud from the chapenis/thogderiorpegipuisdn) 24004
seoenc, e, SR80S kg TG0 A U RANBLEC RS Hpt okl Terber
second drive 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 memberis
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 assembly 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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menbers. According to further enbodi ments of the present invention, a
pressure 5 chanber assenbly for processing a substrate includes a pressure
vessel dewian3ngssam encl osed pressure chanber. A substrat edmoisbenddaos

di sposed in the pressure chanber and is adapted to hold the substrate. A
magnetic drivesRsseitNe/mbaboRe haknschi S rate hol der relative
to the pressurfa vessel .mAccordlElng to %ﬁﬁﬁﬁ‘é‘?u@%&%& P PP et

i nvention, a pthestbeddvd Onit banineve ths seldidate Hodder pithe Sisétngd 3eoub Itvat e

i ncludes a pressure vessel defining an enclosed pressure chanber and an
exterior openi W PHSf1 uid comunication with the pressure chanber. A
substrate hol der i sagicsdns eslfiirihet BRbRIASSYLEERARAS 800 ed to
hol d the substrate. A dri\éie assenbly ils opertelljbl e tg{lﬁg%glophgp%g%grate

hol der rel ati véhamber srsempblysforprocessingel substhate iticiudes apmsstat yesselddefiinpana 15
housi ng coveri t he exteri.,or .openi ng of t pressure chanber so_as to seal
the exterior %%g)ﬁ?cﬁar'es%%%l?aa?bﬁg. ?‘&ugmﬂgﬂﬂ%&&ms{eﬁéﬂ Biegaessureichy@ber on, a
pressure chanbeid is adepeittb hold 1wk WaeEaR. N AASANE I¥RSS i heat er
assenbly. The pressure vessel defines an %%éll os@céi g‘“]t?a“ﬁ'ﬁgl-’glrﬁp%gfegﬁard

heat er assenbl JOYHEP gdesirate hpldar gelaiverte shepresfugpassad. i n t he chanber and

i nt er posed between . I .on of . .the pressure vessel and a
hol di ng vol une. The‘gcgcﬁgar'%gw]eg#@rgr %@a%%&téaf% pE‘??E‘?trlBYerﬁlont AR ure of
the hol di niy vodhamber dbanlgydorproeatiap aistbstAtuhaugss 4 proButdessq WefiRHL L NY
portion of the pressure vessel. According to sone enbodi ments of the

present i nvent§M5iPSed PRESYIRFembenard an outerins @pemting s flvidwotinmipigation wdth of t he
pressure vess i RS Ul at.i Dot tween. Preferabl t he
ot at 1 ng. gaphog SReARmUcED K By 0l Blr L BRD SR B8 s s Re e nd

enbodi ment s ofis edeptadrte skt the sutestteor) diveeasgeratslgl ihewiratile asmevdihy i ncl udes a

| ayer of insulating erial. dj sposed between the guard heater —and the
surrounding p E’t “lgﬁ&?rﬁ‘éﬁb?’%tostg? BregRe ¥esselpthg dgiva grsymbiyiaciudingra of 30

i nsul ati ngsSmatiensiag chasing thd ki@ spetthg 8F tHe §aSkuld-chalBr NS é(g’s{%f heat er
N

assenbly may further include a second guard heater I Spose e chanber
and i nt er posedXEPHERINIRE. second surroundi ng portion of the pressure vessel

and t he hol di ng vol T heater. is .adapted to, -7 WO
03/ 023827 PCT/ US02/ 3405 ?@oeﬁr?%?ﬂﬁ%fﬁ%gf{@ﬁ%ﬁ%{?w&nm e??&{eo‘ihﬁ@lﬁ%l ume.
The second guasstmbépineludesa pressure vessel and a guard heater assembly. The pressure

vessel defines an enclosed chamber. The guard heater assembly includes a guard

20  heater disposed in the chamber and interposed between a surrounding portion of
the pressure vessel and a holding volume. The guard heater is adapted to control a
temperature of the holding volume. The guard heater is insulated from the
surroﬁnding 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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i nsul ated fromthe second surrounding port ion of the pressure vessel. A
fluid spray bar may be nounted in the guard heater. A substrate holder my
be di sposew d3m2ss2e hol di ng vol une. 5 According to enbodi madEUHR 24008
present invention, a process chanber assenbly for use with a substrate and

a flow of proc Ld i.n a el,and —.a spray menper. .The vessel
defines a chanﬁzlﬁf)mfgge%éﬁ%#ﬁ eelrléll?l%%ﬂﬁglé’%e'axhe SFg%@tg‘ﬁffgﬁ?fﬁréi/ por t
formed ther ei ninaudatpd &dmtthe sicahd blvberdidiepdrigybhe Brg8s Sedsbiui d  onto the

substrate in the chanber. The spray nenber is operative to rotate about a
10 rotational axis 4 8rikspiay ba Maydemeured ingbpaward heatery A stiistratedioldene

process fluid Qo . hrough the at | east one spray port.
Y belispck A Re BV TR i

The spray nenber ion portion including a
di stributién channebccorimgioremtiddémarts bt tprase: iRnE¥nPOploces cBRAbAg from

the distribution h?nnelg&g ex%eri orI% f the spray nenber. 15 The at
| east one sprd¥® ¢ WP EYositate an @1§P\¥ ofipraeessdapd includss eivessel atdat i onal

axis. Prefera at _.an.angl e of

bet ween about bJS%gar%rhggQ%ég? gg&ﬁpﬁﬁggg&@gﬁ%bqﬁ gﬁgg%etnilbgﬁ éﬁ‘:ﬂgi?? 8 The

process chanbdeashemespidyyporefprinnd thetsn adqpted @ldidtiboé tHehfove bf poc@eflusd  f or med

in the spray menbt%r. Zgaf.b arin bmay,gl%a i nt er posed between the spra%/ menber

and the vessel®¥% © SP9sgRIe B ‘fl'\?g" Fbt ‘?%Pﬁayb@‘?%g%msph@a%ﬁrtayoww&@p and t he

vessel . AdoQor dbfadohdD akiy rdlefFe @Ms@@&@ofﬁiré ﬂga #4520k grgé’e%'ﬁhi(arbut Spray
u

menber for distributing a flow of proceSs fluid onto a strate 1 ncludes a
spray nenber thhsrggmagberthraugh thepatdeasporeysppayrporf. or ned t herein adapted to

distribute the 25 f C f.uuid ontp..the substrate..in the chanber.
The spray nenber isTl hg\(%%%&ggelrn\%ee? 5 YHB@S&%‘T‘ g‘S&WPH‘&nP IQPiI?J‘ii‘é‘im%&i S responsive
to a flow of tdiwrilrioaessnnk! thetbin,abi atdbast bee §RERYorMBERRIng hRUEL the at

| east one sprg]%/ port. The f ray mepber may include a distribution channel
therein, the &Stilgiop chyme oskyraf e srasmamagber om t he distribution

channel tgqsexteriomy ,0f.dRGe g@%g??n?%ﬁg&%rﬁ T e°19gv|it'h§9§5pt§°ﬂ§?1§ pray port

may extend at an angle wthr rotation X erably,
the at |east optetionm ayis.pBreferaidyshelst bstane apgy powtxtchéd meanngleoit 5 and 85
degrees with regpeClnliQsthg s5%abbORah r&8hsito 1S miiioon 023827 PCT/ US02/ 24004
The process chamber assembly may include a plurality of the spray ports
formed in the spray member.
20 A bearing may be interposed between the spray member and the vessel to
allow relative rotation between the spray member and the vessel.
According to further embodiments of the present invention, a spray
member for distributing a flow of process fluid onto a suBstrate includes a spray
member including at least one spray port formed therein adapted to distribute the
25 flow of process fluid onto the substrate in the chamber. The spray member is
operative to rotate about a rotational axis responsive to a flow of the process fluid
out of the spray member through the at least one spray port.
The spray member may include a distribution chanhel therein, the at least
one spray port extending from the distribution channel to extériorly of the spray
30  member.-
The at least one spray port may exténd at an angle with respect to the

rotational axis. Preferably, the at least one spray port extends at an angle of

between about 5 and 85 degrees with respect to the rotational axis.
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The spray nenber may include a plurality of the spray ports forned in the
spray nenber. The spray nenber may include a bar-shaped distribution
portion, wWaeoesak3s2ieast one spray port being forned in the miTswSI2RU0ION
portion. Alternatively, the 5 spray nmenber may include a di sk-shaped
distribution portion, the at | east one spray port being fornmed in the

di stribution portiThe.spAgeasmbengnalydncieddwpluesitvpdf the spay brts foempd sthat
invention, a nmethod of applying a process fluid to a substrate includes

pl aci ng the SOBYIRYRRETi n a chanber of a vessel. A spray nember is provided
ncluding at | eastyfage30nahd Ay iAALdEbAAnLAS! EbifbuldiPodtiGE aearl | UTd |5
distributed fromthe at "l east oné spray port onto the substrate. The spray
menber is rotledsecnadpoait pat batgformadin thg idstulsitanipedidno Alteenaivslyethe by

flowi ng the process fluid .out of the spr menber throygh the at |east one
spray port. S@ﬁyéﬁ?@b%f‘naﬁﬁﬁak}qe&%@ﬁ?’sb?&gm/sit%lﬁu%nlHO”E)CBI’ ﬁ%pa,t Le@Ftaofngd by those
of ordinary s%ﬁa %Hﬂeh{ﬁohﬁ@dﬁrtheail’s@muﬁoﬁ adiong of the figures and the
det ai |l ed desc |[§t| on of" the preferred enbodinents that follow, such

descri ption bei ng Awosliyg tOImQIde embadimenits of e messbimventionenmethed oBr i ef

Description of the Drawi ngs.20 Figure 1 js _a bl.ock di agram of par at us
according to @ b‘%ﬁ?w%’i‘?f%ssgﬁll &Oﬁesug#%ag%ﬁltclu;%ﬁ%@ﬁw%ﬁ?e ﬁl—ll%gﬂa?eemza ?hglﬂlg% | ock

di agr am of a&&w&s%u.rxsgw@mhaﬁwwrbmea Bl &Mtast OMe¥pRyy porpRithedf t he
apparatus of Figure 1, Figure 3 is a block diagramof an alternative

cheni st r iOsuphérgine dhgiproasss Hgd idistbyted fiomy i af lragt g sPrayPortipdiaiipar at us of
Figure 1; Fiqu i i ] J istry
Suppl v/ condi {LBATHy CyEea FopotaerARESbudbn B Sk SRRl BT
Figure 5 is aydi®eingdieagoedss fifiidaout af thespaly invemisee chroogh tht iadleastypse epray or mi ng
a part of the apparatus of Figure 1; 30 Figure 6 is a block diagramof a
further alterRPtive recirculation system forming a part of the apparatus

of Figure 1, Fi gurébjzctkéfﬁegkég&& iS4 REOAMIP be ApSUBRLH b, FERY BF Yrdgksy €M
according to enbodi'ments of the present 1nvention; -9 WD 03/023827

PCT/ US02/13400skill in the art from a reading of the figures and the detailed description of the
preferred embodiments that follow, such description being merely illustrative of

the present invention.

Brief Description of the Drawings

20 Figure 1 is a block diagram of an apparatus according to embodiments of
the present invention;
‘ | Figure 2 is a block diagram of a chemistry supply/conditioning system
forming a part of the apparatus of Figure 1;
Figure 3 is a block diagram of an alternative chemistry supply/conditioning
25  system forming a part of the apparatus of Figure 1;
Figure 4 is a block diagram of a further alternative chemistry
supply/conditioning system forming a part of the apparatus of Figure 1;
Figure 5 is a block diagram of an alternative recirculation system forming
a part of the apparatus of Figure 1;
30 Figure 6 is a block diagram of a further alternative recirculation system
forming a part of the apparatus of Figure 1;
Figure 7 is a block diagram of a supply/recovery system according to

embodiments of the present invention;



Figure 8 is a cross-sectional view of a pressure chanber assenbly according
to enbodi nents of the present invention in a closed position; Figure 9 is
a cross-seato3ognsd27vi ew of the pressure chanber assenbly ofPCTAISIRR®08 i N an
open position; 5 Figure 10 is a cross-sectional view of an upper guard

heater formng a part of the pressure chanber assenbly of Figure 8; Figure
11 is a top plan vFignreB is serogppretional iy eleapisesuas cliingher esse@bly Fi gure 12 is

a bottom plan_view of the f. Figure 10, Figure 13 is a
cross-secti on Coﬁ%\;oo?m%é)d?%\%%?og%’gtrnggsﬁﬁe}é?vee?% 8#1?1?%’5%& g%sf‘{m’ 10 of the
pressure chanber appRFODYs 9troki-gatkiond vidw 6fithe pledsurs cBaribdrtagdnidlper vi ew of
the | ower guard heater of Figure 13; Figure fS is an enl arged,

cross-sect i onHigure 84y AR APUYBOSEO®y of the pressure chanber assenbly of
Figure 8; Figure 14.] CL ' 1ng g part of
the pr essugr:e 15 cﬁ%eerio g{%é@é{%&%&%kgg&rgaél%pé?g%?agﬂf%t?r;ﬂﬁg Fgé’grrlgnt ary,
perspective vofthe pfestilre charpbesaadentily &f Biguee 8,6; Figure 18 is a
cross-sectional view of a, pressuyre ,chagﬁgr assenblﬁ accordi ng to further
embodi ments of t heFigugedhis 3 opaian BRY ofthsupeen grard heaterrofddgwredl; onal vi ew

of 2 Pressure ohaMaiug3s erbbition? BaASRAF o 8 sh kPG pRIberrent s of the

present invention; gure Is atop an view o uCk formng a part
of the pressure cRigureil3 &ssewokd-secodnativipur af dl@weFpoard de@dr fosmmghagtattom pl an

view of the chuck of Figure 20; Fiqure 22 is a cross-sectional view of the
chuck of M guPERSgressiE Rhambassealy pEFEIRS20. 52 i n Figure 21, Figure 23

i's a cross-secti ongjgurs ¢eBbbtfony PRWvRIv 6f tAE BSRaH Rafd IRARS LS FRASEND| V
according to further enbodi nents of the present invention; Figure 24 is a

top plan view of aFiguurelSfoameniayeed, geass-sestionple fipgmentareview hbsaresagrsenbl y
cg,oss-secti onal view of the chuck of Figure

gf4 ggg:}eaﬁgh&%@?‘% %J%%ﬁ‘ggyg%ﬁéggﬁ 'Figure 24; Figure 26 is a cross-sectional
view of a pressurerigureteis apasptive viewadadiup gedldoimihg Apart@fitiediresentes of
t he present invention; -10
15  chamber assembly of Figure 8;
Figure 17 is a fragmentary, perspective view of the cup seal of Figure 16;
Figure 18 is a cross-sectional view of a pressure chamber assembly
according to further embodiments of the present invention;
Figure 19 is a cross-sectional view of a pressure chambér assembly
20  according to further embodiments of the present invention;
Figure 20 is a top plan view of a chuck forming a part of the pressure
chamber assembly of Figure 19; .
Figure 21 is a bottom plan view of the chuck of Figure 20,
. Figure 22 is a cross-sectional view of the chuck of Figure 20 taken along
25  the line 22-22 in Figure 21;
Figure 23 is a cross-sectional, schematic view of a pressure chamber
assembly according to further embodiments of the present invention;
Figure 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 -



WO 03/ 023827 PCT/ US02/ 24004 Figure 27 is a bottomview of a spray nenber
formng a part of the pressure chanber assenbly of Figure 26; Figure 28 is
a cross-seato3gnsd27vi ew of the spray nenber of Figure 27 ta@@mwsoakeng the
line 28-28 of Figure 27; and 5 Figure 29 is a bottom plan view of a spray
menber according to further enbodiments of the present invention. Detailed
Descri ption of theFiiguedy ivebetiam diavest sspraempmbesfiormingeepari afithow i s
descri bed nor i o reference to the acconpanyi ng
drawi ngs, in &Llsgkleélrle ee?ragelsghltgﬁ{)%%!lﬁ%gﬁ s6’of the invention are shown. This

i nvention may, howdiarre 2Bés saﬂa@m&dohanwiawfmbfs%@w&nbefr@fpﬁguaamw@ﬂl d not
be construed as limted to the enbodi nents set forth herein;  rather, these
enbodi ments aRENglRinS-2bok Fighre H{;andi scl osure will be thorough and
conplete, and will g 0 0 LRV i e skilled
‘n The 15 art.  The A ULLa FPFKSor BRaSAEPE Stork el MEFHcpRng RSS2 the
cl eani ng or tmbatinregtsaff thd pegeat avention. ¢ substrates (such as sen conduct or
substrates) during or subsequent to the manufacturing of integrated
circuits, mcroelectronic devices, MEMs, MEOM s and opto-electronic

devi ces. Renoval of surphaggeEpHRAYIS ao ' is a key step
in the integrated ci ch‘I’t—f%UT'. hébr ; qirl}lb((}dm':‘aeh‘?sgm*arous cl eani ng
steps (commonly reflge predent investior hewnsddsciibed hereffaldly herainiafier withi ocess. The
different,types. of cleans include pre-diffusji.on cl.eans, front end of the
line post lgshr%Frg%est,O%@eaaccﬁO@Rﬁ“yé?g &ngsn’é”ﬁ §p PE?W%&%M@CIBF et et al
deposi tion cifafson drt S¥wiE MhiPhvéMRnlthAe hBlvesd¥BoesSihbddie PRGKar§ N8kt he

line clean/strip, post-ion 25 inplantation cleans and post-chém cal

mechani cal pl frEiandshawd patvm)coastaigd s lintfied te theresnbodityenty pas Sorinkersiour ces of
particul ates C ] I . rh 10N process,., Lhe rticles
and cont am na%@er&)@/&ﬁe@ﬂ%@ﬂé{n&% £a}F tp?(l?%%%cg& ﬂlgt'?t@ﬁ'i éscgorsubea‘glzlokifstg?rr? Bg}h?‘?ﬂ?e. The
source may becompletecarid Widl fally comebgths bdoponf te invedsibs to thoke Qilléd iRghe t O the
process (f g., wafer transport). 30 The shift of interconnect systens shift
fromAl /S %)2 % cu/ | ow k presents new challenges that may be effectively
addressed using thenaBlbo8 5 RAGARPALAIIS the . pr ' ion. For
exanple, a primary péfrg{gl emwth the tr‘i’ansrla%1 f(t)?i l{?% %ﬁ’%ﬁ‘g&teﬁgxggédency of Cu
to corrode whteatmgpdsmdrotiectarnioxutgiraien(suenws sepmoemductor Sdbstrates) during or

subsequent to the manufacturing of integrated circuits, microelectronic devices,

MEM’s, MEOM's and opto-electronic devices. Removal of surface contaminants

20  and particulates is a key step in the integrated circuit fabrication process. There are
numerous cleaning steps (commonly referred to as "cleans") in the fabrication
process. The different types of cleans include pre-diffusjon cleans, front end of the
line post-ash cleans, back end of the line post—etch éleans, pre-metal deposition
cleans, front end of the line plasma strip, back end of the line clean/strip, post-ion

25  implantation cleans and post-chemical mechanical planarization (CMP) cleans.
There are many types and sources of particulates and contaminants in the
fabrication process. The particles and contaminants may be molecular, ionic,
atomic or gaseous in nature. The source may be inherent (e.g., redeposition of
resist) or extrinsic to the process (e.g., wafer transport).

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

is the tendency of Cu to corrode when exposed to an oxidizing environment,
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WO 03/ 023827 PCT/ US02/ 24004 because Cu does not have the self-passivating
properties of Al. Corrosion of Cu during cleans of dual damascene
struct ur ewoc@n2sezult in high contact resistance, under cWAT/Us)225n04
lift-off of the dielectric layers, thereby reducing circuit vyields.

Addi tional conggg the.chem cal compatibility of
traditional 5 ci eﬁab%sdlsmdc%ﬁfn?gﬁm%g%ﬁaogtégééggflgam&sprgﬁerg%n%efaoi“to“l’?aﬁ f®en
denonstrated tdaingaidangof dinkdirasscbesst@tirdsr AMrE3E A REHARBE fReESRNI C
spin-on dielectric filns i@ poisoning. Aspects of the preésent

. GAUSes. Vv
i nvention may HEGCEEERd 1‘%‘0‘?&8&@?9@%9 ]éﬁﬁﬁsnfgereb}’mingfcirwiwieldﬂew
i nt t i ) " i : . t . 10 di
i nterconnect  SA&di8H®al CM{&HlSr}ﬁ{,@fO?E&g Jn%gbl?%galjvgm%gﬂgﬁﬁxarﬁ :islqn accor di ng

to preferred 10 enbodi nents of e present nve rein. As

il lustrated, tdeansapidentmatetialssAnatagtaamlé, ot ldsdamn dematshaees ok aaipal er

substrate 5. Ié(;r)lwevgl_r.é it vvil(b Qe apﬁ{eci ated by those of skill in the art

fromthe descrifeionesas &iom PRGand Qi (Roreaninsnim-es diskrtriesflows: sausés vine

appar atus and poientrl! bagscdese bhachiicaliBRLOYAIRY, 4B, sl dofcheant ng
subs

or otherwise treating wafers or other types o T at WS eces.
Addi tional |y, dleangpf thessenespintesednaedysigms.hose of skill in the art fromthe

description herein | ous..conponent s and_steps_as described herein
bel ow may be oni tt\ggﬁl%)erfglr%{é%ﬁ tg?é%"%i A" BPREFTUS i‘i?“é’%&%?oel?fef@ﬁﬁéenti onal )

conponent 40or embodintenasofah® B atventidihe shmﬁﬁhéeiﬁa)&sl?ﬁfsxrﬁ% f¥anple, a
waf er of semi conductor material such 20 as silicon, silicon oxide, gallium

arseni de, et c APRHRIUGAP &sadgpied do eleandsurfase BR Maferplibsimte JwoHEwsverfiaosll 5A and

an opposing s : 4.akl : i surface 5B. A continuous or

di sconti nuous%llggé}grr@ Elg%h\%sdt%esgﬁg%%??lghﬁiagte%(i”gﬁ%es‘i?fc%w%r%ﬂﬁt V¥iface 5A.
The waste | aydraturayaitsaspedtayfthe afpapitot atdethe stethdddeickbed haBinBLIBH maesi due,
chem cal nechani cadl Eollfl shi ng gesi.due or post-ion inplantation residue. 25
The waste mat 8F 1519 PRClpfENG PLotBoRRMSS rabing Mafss er othgr typesl afgebstnatss gani ¢ or

organi c  eont anHEARKS, AEARIPRNIRESEBASEAAR BLIXSU G paerl by povol ac.

cyclic olefnic nmnaleic a.nhéflrl de resins; et esl
fiuorine, chl @gscrptiombhespinribat veriousowimpenems dnd bteps 36 dessitdi @eeBadwi NQg

silica or alum .asives wth other  _conmon slurry additives such as
oxi di zers, buﬁai?’s,%géﬁi %/rl ﬂ%%‘%‘%esd,m 9@5%@%@@@% coREational) nnagens e
conpl exi ng agempsas appropiateon i nhi bitors or other agents. Qther types of
wor kpi eces may be ean or otherw se treated using the apparatus

d
i ncluding, for exanpf E’?feeﬁ/ﬁl‘l)@,y boetovsxampleca v 0f ssmicomtwior emfermhshich- D
m cr o/ nangy st akGhihneSiticon oxide, gallium arsenide, etc. The wafer 5 has a substantially

planar work surface SA and an opposing substantially planar backside surface 5B.
A continuous or discontinuous layer of waste material is disposed on the work
surface SA. The waste layer may be a layer of photoresiét, reactive ion etch
residue, chemical mechanical polishing residue or post-ion implantation residue.

25 The waste material in the aforementioned layers may include inorganic or organic
contaminants such as polymers based on stryenic, acrylic, novolac, cyclic olefinic
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, surféctants, |

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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-12 WO 03/ 023827 PCT/ US02/ 24004 The apparatus 10 includes generally a
fl ow pressure control system 100, a recirculation system 200, a

suppl y/ r eoavsrogsseyst em 300, a pressure chanber assenbly 40®ET/6svd 24004
substrate handling system 500 (Figure 8). The pressure chanber assenbly

400 includes a pressure cha r 410. As djscuyssed in greater 5 detail
bel ow, the waf elro 5%@21%%“;2&{‘}?@%‘5? %‘:snaefﬁg]lé( %ﬁ%‘?@éﬁssmgow Skﬁt%éggﬁi%g. The
fl ow pressur e ;&aRkhGon %%%@Q@uﬁﬁ?ﬁé&kf&@%ﬁt@%‘) ?@P%Ef‘%?&e %g—ﬁ@(el?t ry or

chem stries (also reférred to as’ adjuncts n the form
of liquid, gasssembly/ 40, amlipeybstrateibendlinfg systdm(IOCERUre SanThopressurd xt ur e of

chem stries angd to e, . worki.ng surface 5A of th fer 5. The '
substrate hanaﬁﬁnﬁc%%wﬂ“i’& Yoy agrﬁguieoﬁ‘%bgr 45‘*'%3%8%?‘@1‘?@??}? noves
the wafer § t@ethaGblow, &Ieﬁvéi@ﬂé&rh’élcpﬂﬁﬁ@bﬂéﬂsur@_ﬂ?amHe?ﬁm E3HRbdeQiingS B M 200

may be used to filter and return Brocess fluid to the pressure chanber

410. The suppllpripsessvesropniglstys wogitionsand dnplips e ckasistry of demistries may be

enpl oyed to clegan _post,-pr S t ignal | y,. r.eturn portion
her eof (¢ ypi SRS TRE B HLRERR St bRt i tredSfh of o irndies 0. | 15
Turni ng to theudek@itichrr @58 ¢S €COHNandbr 5 usLar HBemisugdsamdeTodetm |, the

system 100 i ncludes a tank Ti_ contai_ning at hi gh pressure. The pressure

007
of the CO2 i Worlieg suiface PA eidhg,wates pa iy sehstratedirndiveg 3ystronSHsholdsisie 4000
psi, dependi e o b A . atus 10.
The vol urrgél 0 {eﬁg a%lg’n?ﬁl?%gll%z%ﬁ% g{regﬁ%}% i@eqé‘gltggiqe Eﬁl{f %eélgﬁrggpvo “une of the
pressur e chaneeircatickl§stetn 2¢hmey &t used to dilter ald @awh procesyfllié toper ati vel y
connected to the tank T1. , The te rature contrgql device nmay be, for
xanp! e, a ¢ cRBeRT drunss ALY Tt SR ESEr n e ok 0GR B roRELRUIc:
exchanger . Thandﬁg%geﬁngro e®fo él%ﬁ%pfoeegsfé%ﬂ&&%ndt%pﬁbﬁa% %%Eexgﬁ%b' y between

about 0 C and 90 ependi ng on the processes to be  exe using the
appar at us 10. pdttien @@eeafdiypiselly rre¢dvgradd Oy der furtheuyperin thetdppaktu@30phase. A
plurality,of outlet lines L3, L4 and L5 are fluigly connected to the tank
T i event ¢ R s npe hadRitesan Bl Sutisih ol GEetr Bt Pm t he. ¢ ank
TI, the |inesystedn 100tinaided Hiapkafledonbining COY ak AR Reds@MEITHEFdsk@Bopf t he
tank T1 (e.g., via_ a lower qutlet or a dip tube). The outlet lines L3, L4

and L5 fl ui dl $hedeffmiadhe tapk TA0s pegiqeably betyvegn eheuid9P pyi andsi®I0) peiondi t i oni ng
tem 120 ticaldy i .80y o i P Fi i ' t
Gotar ! bel ov) CIERnE R thd probeRk] B Cxebiod U e JoBYARCI0° ThERGyME BT 051 !

are provi ded bdbHthe cemkrBil isfpraferably dtbemst 5 timss ths, vohdnaokhe pressure chamber
20 410. A temperature control device may be operatively connected to the tank T1.

The temperature control device may be, for example, a temperature sensor and a
- heating coil or probe or heat exchanger. The temperature of the CO, in the tank T1
s pfeferably between about 0 °C and 90 °C, depending oﬁ the processes to be
executed using the apparatus 10. The CO, may be inyliquid, gas or supercritical
25  phase. : | :
A plurality of outlet lines L3, L4 and L5 are fluidly connected to the tank
T1. In the event that it may be desired to supply liquid CO, from the tank T1, the
lines L3, L4 and L5 preferably draw from a lower portion of the tank T1 (e.g., via
a lower outlet or a dip tube). The outlet lines L3, L4 and LS5 fluidly connect the
30  tank T1 to a chemistry supply/conditioning system 120 (schematically illustrated
in Figure 1 and described in greater detail below), a feed line L1, and a feed line
L2. Valves V1, V2 and V3 are provided to control flow in the lines L3, L4 and
L5, respectively.
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L5, respectively. -13 WO 03/023827 PCT/ US02/ 24004 A plurality of chemstry
supplies S1, S2, S3 are fluidly connected to the system 120. Each supply
S1, S2, Swomy2sscl ude a single chemstry or multiple comgaridske4004

chem stries that are conbined at or upstream of the respective supply S1,
S2, S3. The supplies may include the respective chem stries disposed in 5
sui t abl e cont ai ner sA pladiteof dwsiisityesupplies $10 52 a8hareludle cpnefeasdablhe at

at nospheric pressut o.allo aconveni.ent refilling.. The chem stries
provi ded by t K& S%}lpiﬁﬁi ‘éecfsﬁppévféf §3; %?%‘&ql‘eﬂf& sipge CQ“‘éS%‘é%Pém l&r

oxi di zers suchonpatisie enirkiesicd thap e BABARALE S; uRGLAS o?‘tl&%hreg:%cti{?é’gf gfy uoric,
sul furic, and nitric; bases such as secondary ‘and tertiary am neg, 10
ammoni um hydr & 82;53 ofhesupplios medy inglude Gemespecarehamistses digosahias, ket ones,
et hers, al gohq] f.oxi de hi.ol:s,.. @and al kanes; surfactants such as

bl ock copgl y%gﬁ%bl%&nrt%ﬁ%gm%g%o egs&@&t%% BRE 35 p’ie?eﬁ%}? V ALY PSR¥Efent s and
hydr ophi | i ¢ ompréssyre phalldve fos egiwsient reflllidgact ants wi th si | oxane- based
conmponents and hydrophjlic or |ipophilic conponents; conventional ionic and
non-ioni ¢ 15 hydr oda€sBemistiss arayigedduyttha supplian8l,<R), 83 nsaychclade, fomoni um
fluoride and j . g | ' ies are chem stries which, when
conbi ned or egg%{slglg??%tegﬁgﬂ%g% ulr%iérgs ngg}géé ér Qeéglé?g%a{éﬁ’ %hdté Sgﬁb%er ina
manner that i iyémdsotitsulfurix;esd niae/bases sdeBORSoRTar A Heptisk P hthnet:ne

appar at us, 0 or wafer.5 Eéagies of jnconpatible chem stries include

aci ds and!Bas MBI bydiexidenobyeatsiggh grongapig icabenates, dactonesfketanss.s uppl i es
S1, S2, S3 toethefdhahdls, siifbxides! ﬁﬁdlk,lmﬁﬁlk’&ﬁﬁggﬁ{-f t?{uch%s B! de a metric
of chem stry use in the process. Means such’as a heating coll or jacket
may be provi deepalpmersor rasidomimepolymeperamposesotfiudrinatedspphemsts and M xi ng

devi ce may be,provi.ded |.n ch supply S1, S2,..S3 25 As discussed in nore
detail bel ow, ® %rgpf%\ﬁ}gtoéh?ﬁghﬁ ¥ey ‘ﬁsaﬁrécﬁal}tsd?l&?l@é‘an%ﬁ%e FORBPRENE DNt 1 ol | ed
vol umes of chend Bidr¥pHiké biliguphitictdagipon&Hk;Rohyentiohliishic MOhHEsHicBY be
conditioned by the system 120. The feed lines L1 and L2 are each fluidly
connect ed!? o %M@ 0g3rbpi-hised gurastanss; and saltsisucly et ammoninnyHharidesind fcholire.

chem stries. |.{ 11 Ly gl ected tg.a nozzle 1influid
30 communi cat ﬁ%ﬁn{\ﬂgﬁﬁletchée}ﬁsﬁg '5% rcfge%%ﬁ%se‘%ﬁggoﬁeﬁhcé’ rrf%éréeél i ieﬁgoslf%%? 8% | uidly

connect ed to anatheratendenteect wiiorieranbtier i emanifie? e anbedes4Hedprodsk bgd/sr F1 and
F2

damages or unduly fouls the apparatus 10 or wafer 5. Examples of incompatible
chemistries include acids and bases.

20 Level sensors may be provided in each of the supplies' S1,82,S3 to
indicate that a refill is needed and/or to provide a metric of chemistry use in the
process. Means such as a heating coil or jacket may be provided to control the
temperatures of the supplies. A mixing d§vibe may be provided in each supply S1,
S2, S3.

25 As discussed in more detail below, the system 120 is operable to provide
one or more controlled volumes of chemistry (with or without CO,), which
volumes may be conditioned by the system 120. The feed lines L1 and L2 are
each fluidly connected to the system 120 to receive the volume or volumes of the
chemistries. The feed line L1 is fluidly connected to a nozzle 191 in fluid

30  communication with the pressure chamber 410. The feed line L2 is fluidly
connected to a spray member 190 in the pressure chamber 410. Filters F1 and F2

are provided in the feed lines L1 and L2, respectively. Preferably and as
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are provided in the feed lines L1 and L2, respectively. Preferably and as
-14 WD 03/023827 PCT/ US02/ 24004 illustrated, the filters F1, F2 are

| ocat ed dewnstoestam of all lines that feed into the feed |RQTESSOR2400L2. A
vacuum line L16 is fluidly connected to the pressure chanber 410. A vacuum

unit P1 is operable to draw a full or rtial vacuumin the pressure 5
chamber 410 tHﬁlB%aﬁef{’lﬁl?ﬁlit‘?ﬁ%ﬁbll%‘. mﬁ‘%&a&g&mﬁﬁﬁm ofdll hass thas feedpintather one
or nore tanksftdBhesArE MR Ntai ned at or near vacuumat all times by a
continuously operating vacuum punp. A vacuum tank may be advantageous in
that the pressure &tvaeher lind D1Grinyluddlyeoamacaddad thopressianitdhpensrd. the tank
may be re-evacuated rocessing i s, occurring., If nmultiple

i, f
vacuum t anks a‘fagmﬂfgél&lﬂlﬁg?g\?/a@@gfgdr@&’as JEPAt vprium igihe presFe t o generat e
great er VaSUUmHaﬁbEmm&Hﬁl%lmrThe@agu%rguhﬁsi‘sl.ﬁ'xé eaggg-ﬁp;éggh'e“m uni t

P1 may be advantageous for ‘managing the air ranbie Foduced to
the system | rmegdanksdbatiaremeipainedet pr aess vacunhandbeimesy aesntinbeusbpened and
closed to inse(; the time when 15 the

t _and/or renmove substr%ﬁ(e. [%lri g
pressure chanbar railil VR BHTP %evaﬁ‘ﬁ RN ??&arlwg%qumha@w@ pEgRssure
(typically, aidhhmb&cAiovaaEedévachatedbhoria ﬂmthUm%%m r\é-ae%@éa”” Pl
[

may be wused to prevent this insertion of danbient gas from bul ng up over

time in the preitesafer pigressingasessriring. Jomultipde shcunm meisyart ised, tiy iz

process fljgi ds,ql : | cireulation.line L6 fluidly connects
the pressure cha g?%ﬁ%gﬁl é)h%gﬁﬁaeto ée?/lg@éenérﬁtﬁr. VasHandp the W?SSP‘P?é’?’FT“hé L6 draws
froma | ower pld0tinbess et he pressure chanber 410. A secondary gas supply

tank T2 is fluidl y,@%nnect ed ,tg the pressure chanber 410 with a
control | abl e val ve NAESYRRER e 1 {1 Beirdy aitageoupierianaiing the sie(or2mbisnt ondar y

gas has a hi ghgg) ia@bdicd p f Preferabl y,..t he
secondary gas |s)'1an %egﬁﬂtggg‘?&%\%rgﬁ %a'r%gfbgtrcggf@,’ %@esgggéﬁ a?e 4&g§nqys
helium nitr dgepcrnd andgbosed Ruhsirnapdf@atmoee 36ubAtrurl iCABIng theolime®vhdgvi ce or

he- put s Sendrerarubgariter tHbE et R T ortay g epPeLias: 7i ng. menber
102A movabl e i(fypicaRy,chigmMaetive Eutol dtemBigRfhent using the vacuum unit P1 may be
used to prevent this insertion of ambient gas from building up over time in the
process fluids (assuming some level of recycling of the process fluids is
accomplished).
20 A circulation line L6 fluidly connects the pressure chamber 410 and the
system 120. Preferably, the line L6 draws from a lower portion of the pressure
chamber 410.
A secondary gas supply tank T2 is ﬂuidly connected to the pressure
chamber 410 with a controllable valve V15 provided therebetween. Preferably, the
25  secondary gas has a higher saturated vapor pressure than CO,. Preferably, the

secondary gas is an inert gas. More preferably, the secondary gas is helium,

nitrogen or argon.

Pulsing feature

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

generator 102 is operable to generate a rapid decrease and/or increase (j.e., pulse)
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generator 102 is operable to generate a rapid decrease and/or increase (i.
e., pulse) -15 WO 03/023827 PCT/ US02/ 24004 in pressure in the pressure
chanber 4W%@ o3Resh2er ably, the swept volunme of the pressurirpimgsoremoer 102A
i s between about 0.1 and 5 tines the volunme of the pressure chanber 410.

Preferably, the pul se.generator 102 is adapted to provide pressure pul sing
cycles at a raﬂPé’Pﬁﬁmﬁé‘? aﬁéﬁe%%&ﬂ:‘m?bﬁwoe/ Teferabbs Hiessveant volpms of the

cycl es/ second. rEsa; A abletibel 162 R4 BevaaNRGA 01 2A03 dr5esIARYEALPplecr ease

and/or increase the pressure int pressure c y “at ast 100

psi, and nore prgssefeehainbyr 440. Rretfeeably, divopitisedRBersir 180ds 4dPfedps providee pul se
mechani sm may be any ist‘“ tab:]e mecht?n%lgm i ncl.udi ng, f})r exanpl e, a piston
coupl ed to a IFHEE PRISREEYSHES 8 aggF §f Prhyeemahout 4 sycls/105a¢r068 pr50 10 rod, a

magnetic pisst ycRBYARhE. Prefs@BIRStHRIHUAR oBX&HPRH2 Elaﬁﬁ%tﬁél fo &Rldase Or an
electrically, pneumatically or hydr aulically driven piston or diaphragm In

a hydraul i c dncrpaselihepriessuss st therpressiae phansher 4@ bpni leasti@) phicaphmoed Wi t h

valving to qui.ckl dm t _and .rel e.pr e.to the non-process side of
t he di aphr agmLBr&(rea%g'gVn%‘i@ﬁ?%%l?o égﬁig‘“ﬁpﬁiﬂi%ﬁl’ di aphragm In one

enbodi ment, the hi qme@fu@s%wo@aﬁ%traﬁ%eﬂny%uda@ehfé%aﬁ{iﬁﬁ%&tfl@dif{@?fﬁ' such as
T2 may be fluidly connected to provide notive force for the pulse

mechani sm ( pi SX8RPISy 2 gistasrroagley to adinearisraatps) asotejing shaft shbawnneetingoe added

such that jhhe I ' i.lled fromone, pat hway val ve in
this pat h\/\lt/gy r?gﬁll/ alsargafiﬁ:% gggﬁ%a?nléggﬁéé §¥ {T{?I q O(rirraa§} eﬁ%x?aég]{eg%c G\g’@’ %‘}‘?V@H back to
the pressure chatrivatly4sutiaticallyrordydeaticdly2Rivea iphsedyor disptstinagInea fi | ter.
The second pathwa ey feed the regﬁﬁreni g fluid to the 'pressure chanber
410 t hrough tﬁ’éd%%P%mf? PREVIC SpEemTing PHiSE Mephaniyma mandppaired witbeplvingte
prevent the rejufdyogiigt | j i V. waf er or
particles gengfrugb}tued , 1 E%ﬁ%ﬁfggg%ﬂéa%gé ,ﬁox% P%tge%ﬁg%o(ﬁq%l‘isalu&:hgﬁmi l e the
pul se gener at drerdAdisading thetpistor dr digplvegme &t ek ¢mbadiiment, drhigbpressutd on t he

pressure amper, 0., the pul se generat.or 2 y draw from an hej ght of
the pr essﬁllrg engmlé?ﬂdﬁgw Err?ssblé? ?‘? éﬁlsﬁ?h, a5 ﬁ%ﬁﬁ@“&g&"i}%@gﬁ%l’@&ﬁei gure
the pul se gener@iverforteZorithe PhlB¥eERHI RN (HINOLEr digpikhR) When used to
facilitate processes utilizing two-phase (Iiqui d/gasg process fluids in

the pressure chanbévitablygakying Gobshosed may bi ¢ddertsush that the padss chhmberi n t he
e b T2 B TR R OO MR ARG DR
(parallel to) flubmapfleréastesbe frive sk 2o hotpie@suB @RzhBer 410 through a second
20  pathway including a filter. The second pathway may feed the returning fluid to the
pressure chamber 410 through the spray member 190. The multiple pathways may
serVe’ to prevent the reintroduction of contaminants just removed from the wafer or
particles generated in the pulse chamber, if a piston is uséd.
While the pulse generator 102 is illustrated as connected to a bottom
25 portion the pressure chamber 410, the pulse generator 102 may draw from any
height of the pressure chamber 410. In particular, it may be desirable to configure
the pulse generator 102 to draw from an upper portion when used to facilitate
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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woul d. A relatively |large pul se chanber may be used to enable particle

di sl odgenent fromthe wafer surface and al so enable particle transport well
away -16 WO @33»8823827 PCT/ US02/ 24004 fromthe wafer, to mcavese/24004
redeposition. Arelatively |arge pul se chanber may also be used to enable
phase changes_through_ two phases - such as Hl.om upercritjcal to liquidto
gas. An outl eﬁomtﬁ"eg’ﬂfﬁ) 9R VSHVS?i?P@S\?@na%ere %ﬁygggei’k}fsgéiwé’%?qr\?@y)ﬂ%?ent t he
5 pressure chgaher 1¢dPbldplist MREPHEATH o DR D suSH &R sheréidaMo
pressure tank T2 as discussed bélow, a fluid transfer device (e.g., a
punp), or atnbgwheér gas. Waste effluent fromthe pressure chanber 410 may be

d ff to the | i on. & addition to al.l ow |~ of
Wnete from the prcabgRRSIE g 5o bl plateviE o sl R Ve e oy
be used i s t apdemie\Hathben£1 Mot oL FRbdiRe £31Uh, suth ok % JERRpRESQIrPTARTY €

pul ses in the pressure chanber 410. This nmay be acconplished by raising the
pressure in taedipruessdibelove gl trausfer devicade.ghe puaplk or atimgsphere, te

|1 f h I
b ovi de. an-op BB B RERE AR may e oriatodhs BRI 310) | °15

closing the vagim. V6, and then rapidly dropping the pressure in the
pressure chanber 410 by opening the valve V6. The waste effluent may go to
a low pressure tahkaddition tealenying remgra] of yvastgdramy e pressurpihamberftince may
be repeat a SAGIN | Lo V

chem str yﬁguppe;#lgg"ﬁgi%ﬁig% né sygﬁl{e%b%’gpé ﬁltgg%ﬂaﬁtg%%ﬁéﬁﬁﬁgbgmsa ect ed
fl ow or amounTlad gateent pabsuaclpulsastia the passuteechambpt 4305 [iis m3PbeS3 (nore  or

fewer supplies may. be uysed).to, the pressure chamber 410. Mreqver,, the
system 120 ma§cREPlsd Iré‘)si"é ‘E%Pféé{)uir?/’é’i eBE?ﬁ%”FgEhWr Al usipg dhe tank

tenperatures @9¢; 2% dRAWollRlzdne OF nfhe BT b LhRSs 01, phev3 sld/yditéRaled
accordance with the ‘present ~ invention, certain alternative configurations

may be enpl oytdprbuide e epaypatiebetveen thedande B andithd phesswie shanban 410), wil |l be

appr eci at fromthe desaripti,on her.ein,that .various .aspects and features
o the. di Lol obBNRE A nere o raEb B bBihe PR B AR
substituted felanticpa10 By peGlis dbdalve MAUIER Wistd dffuaithedi gewtaslow30 Wt h
reference to Figure a chem stry supply/conditioning system 120A is

2
schemmt i cal | yDiePsuis tapktfare Rmsme Sirh 3 Be fanki T FHieseguenssanay kispeated e

apparatus 10. | .4.q.

20  Chemistry Supply/Conditioning System

The chemistry supply/conditioning system 120 is operable to provide a
selected flow or amount of chemical adjuncts from the supplies S1, S2, S3 (more
or fewer supplies may be used) to the pressure chamber 410. Moreover, the
system 120 may be operable to selectively control the pressure, temperatures and

25  flow rates of chemistries or chemistry/CO,. In accordance with the present |
invention, certain alternative configurations may be employed for the system 120
as described hereinbelow. It will be appreciated from the description herein that
various aspects and features of the disclosed embodiments may 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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A fluid transfer device P3 selectively draws or permts gravity flow of
chemstry fluid ("first flow') fromthe supply S1 to a reservoir R at
subst ant i wid og/easdf2rent - 17 WO 03/ 023827 PCT/ US02/ 24004 pr exauws®2/2400k evel
measuri ng device 122 nmeasures the volunme of the fluid in the reservoir and

thereby the voluy f L: : ‘b,g._: lyered.to t essur e
chanber 410. %egﬁe&%ﬁ%ﬁ%ﬁg@gﬁ%%\?%ﬁlﬁ gn%b}e\éﬁ%eov%lm@?ﬁ]ﬁ%’éiglr- ne the
vol ume of t herebdrvoidanditheieby thesenluné of e chemizet es boGeltvagedfth @y foésargh the
device P3. The in the reservoir may thereafter drain

5 chenmj c j.unct
under force ofC}\ﬂP;W‘Rp' ab}ﬁafg'{ﬁéﬁa%sf@dmﬂ%ipéﬁ?%al%ﬁﬁtw 0 qetasminiesthe selahe
bel ow), the fidtgs akid; i+ i k e, chanber—410.
Al ternatively, €02 (le.%@giésgorltlrz?? ygﬁte%ﬁfggwﬁiﬁ%eﬁe&&ﬁ F%h%
conpr essed 3l i qhiegtic@0adjunctgagecesr@d2nay therafthediagnindet foreyofeadsl i vered to
the 10 reservgpir Rl through a line L3A by operation of a valve VIA A
pressuri zed mtg{oﬁggacﬁm‘ilﬁggﬁﬁjuﬁ‘ﬁgﬁ € S?’ﬁéﬁq lge??‘ﬁbﬂ?o@lted(ﬂli gt 1 ling Lhe
pressure chantigfo thd Breséudé htkbet Ao unit C, the filter Fl, and the line L1.
Wth further reference to Figure 2, the system 120A is adapted to deliver a

second fl ow of cherikarnstivebhCAliie-ag supresudssl COu(IEAM)imidCOssarr e chamber

410, the 15 s | QW uding chepistry fromithe supply S2 which is
not' conpati bch)ﬁ%? %ﬁ&{ lﬁ%m%g?ﬁlog,g Pusrﬁ@)sé&‘%ét?ﬁ tf%kqﬁ?@\t}?e(fgi‘varefilt%wepat h
for the sd@ondefdrasi Rbalirohgh a HEPBBALS Jp@ﬁﬁbhb@hvh!ﬁr@d’lfAQrAézPé%sﬁﬁzreﬁt flow
The gecond flow path includes el enents R2, 122, and correspondi ng

. - P4 . L
general |y to dnisHEReSthpadiungt and 0 i thereby. delivienetiéo thermeessunacbamber ddDscussed
above, the Sect%ﬁg%hfé"ﬁnﬁ@dl %ﬁl&%}?gﬁﬂh%ifné% r_1| y stream (i.e., no C02)

that is transferr to resérvolr Vi a t hen through the

condi ti oni ng unit OFjthtirehet rdferenceRad Figind 2 ke dysem 10 A 8 atifiReDicRREVESR
chanber 410. Alternati qull%’ .C02 fromthe tg{}}f .Ti may be introduced into the
reservoir R2 tsﬁ?odllchﬁwﬁo FITBU T R NALYBE PERCE fl tythgpressurg thamberid 10nthe t he

adj unct/ O96er fsked e} ¥R homtds RS ARUESoENANDELH 400, UIBEE SRRUT ©. 25

Figure 2 further illustrates the use of the rcul ati Ine O return
process fl ui d the spphh@l. pFlesystem 9antrevidad dflbw pattefor dsesevaidrfldR2 thay isusi ng P4

or a pressur ifferential. returned £l ui d be rem xed with the

second flow fg?&r %tgﬁrsog’ ‘.thﬁ%_%ﬁ%‘éﬁgf%% g.hoﬂ' fT{lPF_tsﬁcé?n QW B3th (e, _deéﬁ](?\‘i&‘??tsrray be

provided in t P, R2nE22, Gnd PRtchrregloadian gendrallftoléBents P8, RIS CL.

suppl y/ condi ti oni n%ésystem 120B 30 according to further ‘enbodi nents of the
i

present invention A8 tHeHaums manepeasiliscusysd above, the second flow may be a
20 chemistry only stream (i.e., no CO) that is transferred to reservoir R2 via P4 and

then through the conditioning unit C2, the filter F2, and the line L2 to the pressure
chamber 410. Alternatively, CO; from the tank T1 may be introduced into the
reseﬁoir R2 through a line L3B by operation of a valve VIB such that the
adjunct/CO; is delivered to the pressure chamber 410 under pressure.

25 Figure 2 further illustrates the use of the chcu]étion line L6 to return
pfocess fluid from the pressure chamber 410 to the reservoir R2 by using P4 ora
pressure differential. The returned fluid may be remixed with the second flow for
reuse in the process. A further filter (not shown) may be provided in the line L6.

With reference to Figure 3, a chemistry supply/conditioning system 120B

30 according to further embodiments of the present invention is shown therein. The
system 120B is particularly well-suited for delivering gaseous chemistries. The
system 120B corresponds to the system 120A except that the reservoirs R1, R2 are

omitted and high pressure CO; is made directly available to the conditioning units
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system 120B is particularly well-suited for delivering gaseous chem stries.
The system 120B corresponds to the system 120A except that the reservoirs
R1, R2 arwo wmes2eed and high pressure C02 is made direct!| ycvesorallog to t he
conditioning units -18 WD 03/023827 PCT/ US02/ 24004 Cl1, C2 via lines L3A
L3B and valves VIA and V1B. By operation of the fluid transfer device P3

(or P4), the €¥sCeriallZRBLAAY Li3B acitvalvee Vad amcvnﬁl B@Qﬂpeﬁabn of the gugh t he
condi tioning uni the filter (or F2)_ and into_the

pressure charrB%‘iSf‘?!fG"m%ﬁ?’gz ?1%‘?)% 8‘@I5§/Stelﬁl ﬂBﬁ?aé’s@lﬁCbthw}iJ%S/S%@r 8dHed to and

S mxed with ghe I}ﬁ;ﬂ& eV g unit C1,

C2. In this cas O%tdﬁ g&?téﬁé&ﬁ%@%ﬁ%?ﬁ/ﬁ@%ﬁ% rgg?%k&lbﬁo%gressure

chanber 410 npxycssutﬁachmﬁvsuﬂcm Ahem&ﬁmiy,m@ghtmessﬁiw@Opfname addeaitoand y t hrough
measuring the yolu change in

the fluid f d P3
Lhe Sunply) vaBoisaviy) B cherasity Sier S in e s pean Srondnem LA 18, See o
the conditi 0nthmag'@ltﬁév@lmé@@t&QhQ%lsﬁ?wemeﬁed REmER Eésﬁlﬂie' QPIBé? 4@65{ gge a

desired ratio of C02 to chem'stry in stream “bel ng elvere
chamber 410. W mbasuefddryemetering tiei fipy of the cienciveyritadugh tedhidtrasfedi ti oni ng

system 120C accor further enbodi nents, of the present ntion is
shown t her ei n51 ﬂ@gé’f‘g% B tEasuriae diFeeiung Phange in ﬁ’r‘?sSPBP yd@?ﬁ?@é

operabl e to sg}eThd ﬂ@Jvme(rsfwfalﬁnﬁéth@srmwrmzytoftﬁ@mrﬂ%hl ulifi&Csanap! i es Sl
and S2 as well as the supply gl ressure C02 fromthe tank Ti (via

line L3A Hhd ¢amay alﬁppbe comtrellerbipi achiepsa d¢~°@fleéé%th ofeCOetedhemistotiathest r y
t hrough a con . or both of the filters F1 and F2
. g.te]%lén op detlllﬂllaltedg? \ﬂ;?g?be?'a? A

(dependi ng on™ ation ves V9 and ViO so that the fluidis

ul timately inject eWithntferdnoe topFizused e ceaidisr supdh/¢omd@ionfeaysiomea 2020
Optionally, CO2 fromthe tan 1 ma added . to the selected chem stry by
i nt roduci ng t?’Féo’@@‘lg tofughsrica lﬁ?? Hﬂ?mg%&ﬁﬁareﬁﬁﬂtﬂn‘@tlﬁ%isrfélot”ﬁéhqf?lﬁe Thap and

t he val ve. r MERIn | hem stries
S 55 oag Lok i, SHEKANED At £5 bR RO IRALER ol 1o

t hrough the | alteenatmgslytfmmfehdscvf thhsupfpllm ol anda®% ﬁsewe]diesrt}reesuﬂﬂy afiblighhe

remai nder of the f . [ ess 25.cha r..4 hared_by the two
chom stry 11 omsseuradth: Biimtne Pask 8 BEERREA RRu FARE N ort e ool

i ncludes an Ofyrde8ithd JelRtdd Chbmisiig! turoegme@rtdwoﬁlﬁo uRlt t@%@ oRebf b&n opfhet he
pressure chanber 410. Lines L8 and L9 are in turn \%/10030 connected to
C

the |ine L7 afieraFsgnd §2¢(depepding onjthgeeperatioaed vabres Wé’sﬁplé 8¢ that the

fluid is ultimately injected into the pressure chamber 410 under pressure.

20  Optionally, CO; from the tank-T1 may be added to the selected chemistry by
introducing the CO; into the conditioning unit C3 using the line L3B and the valve
V1B. In order to prevent mixing of the incompatible chemistries S1, S2, CO,
(preferably, pure ScCO,) from the tank T1 is introduced through the line L3A to
flush the fluid transfer device P35 and the remainder of the flow path to the pressure

25  chamber 410 shared by the two chemistry flows.

Recirculation System

The recirculation system 200 includes an outlet line L7 fluidly éonnected 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 thrdugh the lines L8 and
L9 and ultimately back into the pressure chamber 410. The recirculated fluid flow
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upstreamof the filters F1 and F2. A fluid transfer device P2 is operable
to draw fluid fromthe pressure chanber 410 and force the fluid through
the |i neswiB03ansk27L9 and ultimately back into the pressurecimsimes0410. The
recirculated fluid flow -19 WO 03/023827 PCT/ US02/ 24004 rmay be conbi ned
with other fluid flowin the lines LI and L2 (e.g., fromthe system 120
and/ or from t Heay bheasnhimedoyith ather fuid oy imtha tidesbl ankLpoyi, freth the t he

it onai 11 o8 2ERh ok FOAE RSN S bE U VoY T B Facle Bt e

requiring addilineo8land 89pval of CO2 and/or chem stry and introduction of
new CO2 and/or chem stry. Mreover, the recirculation system 200 nay serve
to continuously cl éréﬁr%"ércﬁ atiop systerp 20Qimayiserve to provedepdditiomak Bwigonent s

t hrough densi ty. fog durin eani.ng process.
10 An al ter natr?{?/e rg%:]%yéu at.%ﬁ%&gﬁ‘% 2‘%@% gg%pmg%&dﬁgnﬁlﬁgn@ygso nt
invention is GOpam/drehéhigtry end intibdectioss 200 Aaidisd d8eSstAN Mbiebedr, | | ne
L14. Return Ii 5 and L16 fluidly connect the line L14 to a

recircul ation %&efir@‘][it% sYplamy 400 mapsetye toeepERuOLSlY, leraé\s(péetﬁlt\%ld}stﬂh fr t he
pressure chanhg ﬁaré.‘t@@omébﬁelnﬂ'tﬁr JukRAgh mo étfo% 81% ﬂrgce gﬁ@b Q,d orce

fluid fromthe pressure chanber "410 thro back into
the pressure @Mnhgrpmbmsthrough t he nozzI e 193 and/or the spray nenber

190. Valv V7 and V8 rowddto enab |ternating delivery of fluid
to the spﬁgy ms*rrberAno?l ?Eeifllrﬁ‘(l BHnWég%ﬁacq% lﬁgé%g‘ﬁtpr‘?ﬁﬁﬁlﬂ%“ﬁ’&'éﬁ back

flow through tihehoesalre u]rQS T‘hefsgétteﬂemogl 1h€lhaé’stdnvcﬁ1tl'é?ﬁhé EW. aRétﬂg-A lﬁﬁt em

200B accordi n&d}o t he resent invention is shown I n Figure
system 200B i Wé@léﬁ]‘kﬁlb’lc@@nﬂctﬁé1m3¢14ftbalrcﬂllspukam}naozzlﬂg%bmiqheessure

chanber 410 t eat | n 245). thr ou h a
transfer systgﬁ%%élj:éérmfzﬁ é‘f ;Ig)%%( §ysp‘erﬁr%§3 gezt{l %hu Et ream
fromthe pres $15V1ee Ph@smerab«ilel(b ffofdarﬂulcﬂ frofi the btd@garét:l@éxﬁbe(rala throhd P& filer
conpresse supﬂe}r critical f]ui d%} to a liquid. Preferably, the

|
transfer gg I 3'% aé‘f%bQQi?mFOs 8 PEsSYe spmberidd ;SIPIé\)é}htheb@éklﬁ 118%vaid/of thesprsy f r om
the still 243 b0 PYRSEUYS fBHBORL piblied TObH SRR GGt T ansT er

system 242 may 1 ncl ude one nore s 1Ves™ an one- y/check
val ves. |f théluuh@tthe ata)emﬁmbemnrbhecuﬂutmsmzﬂeaimrd}m‘—:v#ﬁﬂxﬂn&nded baplti d, the
transfer sys nge the fluid or may nerely change the
tenperature o ougﬂ% nozzlecllag

A further alternative recirculation system 200B according to the present
20  invention is shown in Figure 6. The system 200B includes an outlet line 130
fluidly connecting the pressure chamber 410 to a still 243 (having a heating
element 245) through a transfer system 242. The transfer system 242 converts the
waste stream from the pressure chamber 410 from its starting state (e.g., liquid,
compressed liquid, or supercritical fluid) to a liquid. Preferably, the transfer
25 system 242 is also adapted to prevent backflow of fluids from the still 243 to the
pressure chamber 410. For this purpose, the transfer system 242 may include one
or more shut-off valves and/or one-way/check valves.
If the waste stream from the pressure chamber 410 is a liquid, the transfer
system 242 may not change the fluid or may merely change the temperature of the
30 fluid (e.g., using a heater or chiller). If the waste stream from the pressure
chamber 410 is a compressed liquid, the transfer system may provide a pressure let
down (e.g., by means of a torturous path, an orifice, or control valve). The transfer

system 242 may also include a temperature-altering element. If the waste stream
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30 fluid (e.g., using a heater or chiller). If the, waste streamfromthe
pressure chanber 410 is a conpressed liquid, the transfer system may

provi de aworesgesme |l et down (e.g., by means of a tort ur oo/ 2400
orifice, or control valve). The transfer system 242 may al so include a
tenperature-altering elenent. If the waste stream -20 WO 03/ 023827

PCT/ US02/ 24004 frofw thmptdseurpbasher d16 feamperchitidal fuid, BaRe Skfchdutph 1 ui d,
there is preferabl‘_ﬁ_ ?\ pressuyre Ig-down as di scussed above as well as a

t enper at ur e- al PEPTHE 'daP™ a5 fisfised akoye@s well agayiermperaaresitsaing step. dediis abl e

t | the flyi ' - | quid/ Gas_regj.on af the ph
i agram 5 oesn the e e e e PR e i B T Eeir LR et 1 1 (ho

still 243 to $épad/Geeraghm dfiths phaseidiagtawn conponents: a |i ghter conponent,
which will be predomnantly. as, dnd,a heavier conponent which will be
predomi nantTy adj ug)@fe Eh%ﬁ%g'%tagema’eefﬁ‘llg & brilededivitlisdimiarstll 24he heavi er
conponent may BardtOMe ENEHint e conPonditeVd ltléfli)tertcgmfpoﬁlgﬁy\%{ﬂ Hgfﬂﬁgsmsa'

ected to

system 244. 10 The CO2 gas (lighter) streantis di St exchanger
246 via a | i nepredgminghdy €Chlges, @BRa heayigtcormoneritsvigeinwil besteddhinangh

mani pul ati on of ,. rature .and.pressure) to the conditions of -the
processing fl u%c%:l&‘?‘i%g‘?r?m ¥ 4od 8“?‘“&‘8%%98?% t%iiihﬁ%ﬁawrgmmr@m BREBE 1 uid).
If the fluid staivelate@Onyi dringfy) VeSrdchditiofhisidigl sysfhARger may include a

val
heat trans{ er coil 247 connected to tze heat'i ng device so 15 as to transfer
heat from the condehB&s R§:gasightes strpam éx ditdctedla8 a HehieexCihgrp3ddbaa a line

additionally c thr I ajlLon, .a rptjon, .absorption, nmenbrane
separ ati on, phg‘g?éwgl?restgégpgg?%#e%ég %QQVEIE%%&B{%E&P&W%‘?%’@? O%Fen&eé%’tuieost atic
separation.. &hiprennm) td thnednddhsrodyhd precesbiRg AT (/4 dighRC Korhoreaddi ti onal Iy
process the substrate or, ,tofglr,cﬁceg?1 a subsequent substrate.’ Additional
cheni stries nmaylBeoDHPEEaEaRlTRiDnEthe Aughstaginglcanditior wgs liqed, the mi xi ng
reservoir 248)ey St i d dn j i ' 00B be used to
provide a con%hicnﬁ}ggggh%? 1%&%\%&3%”}1{5:? tpdé%{éw{ ?%f\}vag?%%{%ﬁee%{gf%%g‘gﬁ%?% %Vfcﬁr%ugh t he
pressure chanbasito trangfer abfromale ¢dndensirgyflsierty éhd 2illaBS] Shei0D,tthgy 8 eani ng

by t t] i cul fr, t he waf 5 . g., to
D event 1 sdepamtiemslty sttt AhRleR Zetpmionng e mamesene act i on
(agitation) orsepiretidvgipysisdlsémeion (e, G@fﬁ%g@fagﬁré@y&r ef@@&és‘té&itcghgagatpcfn.

ot herwi se conditioned. The mass flow nmay y'driven b addi tion
of heat in thelBtsopditioned GQ: maxtheadequpyidedbadkitheddisiosadhtiradesythpar t i cul at e-

g'?lnlelr 2t i ng MechiBRiLah: AS¥I&sSa ﬁfb@ec{u@&%{)g’\&te.led'c:if.ti%hgl cﬁqgnaagfcﬁfees'\ eyt 8B 242,

20  added to this incoming fluid (e.g., at a mixing reservoir 248).
N The distilling recirculation system 200B may be used to'provide a
coﬂtinuous or intermittent flow of the process ﬂuid.th:ough the pressure chamber
410. The mass flow may serve to assist in the cleaning process by transporting
particulates away from the wafer 5 (e.g., to prevent redeposit on the wafer) and/or

25  providing mechanical action (agitation) on the wafer surface. The mass flow may
be filtered of otherwise conditioned. The mass flow may be fuily driven by the .
addition of heat in the still 243 so that no pumps or other potentially particulate-
generating mechanical devices are required. Multiple transfer systems 242, stills
243, heat exchangers 246 may be‘used to provide increased’continuous flow.

30 Each of the recirculation systems 200, 2004, 200B may be employed to
provide mass flow through the chamber 410 without loss of process fluid mass |
from the process loop (except the relatively small quantities of adjuncts and

particulates that are filtered or distilled out of the process fluid stréam. Moreover,

~
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243, heat exchangers 246 may be used to provide increased continuous flow.
30 Each of the recirculation systens 200, 200A, 200B may be enployed to
provi de mameosfo2ssa7t hr ough t he chanber 410 wit hout | oss of RuTOC®2R400k Ui d
mass fromthe process |oop (except the relatively small quantities of
adjuncts and particulates that are filtered or distilled out of the

process fluid g&cheﬁthe rivtiraadation, systerhs 26, 280 Q23825 &? o\ &R0/ r2dha8dmagach of -
npl oy to provide nmass. flow

the recircul at |50 ste

t hrough the chg H%}btm Cﬁ?ﬁ}ﬁ?f ‘g‘% Hﬁﬁﬁbgieﬁégé%‘%h%wléemp@%mn efthef the
process fluid. Msesdepicted in Figures 1-5, the filters F1, F2 as well as
the filter F3 are 5 preferably adapted to provide f||trat|on of at | east
particles in the ra‘ﬁgéep)ctmm Figur¢sals5,ithe fillers Ry B2 9} well a5 @Ghailes ®B3Sre Sui t abl e

filt | d fil. - filt tic filt
el ectrostat o PEFILaBai G PredE R PoACa: 4Bt BeFicles e &G 10 88 | n ( he
il lustrated enpogi mahfeterg\t@ 59 rhibidhs! §t§1fa%%l&?%ﬂx}ﬁg¥ndl%e ifitlRd ARERSSAY

chanber 410 has a filter as its final el enent pressuré’ caﬁ’anbe
10 410. In par Wp@ﬁlt@rﬁ,, magretig Filtgess elaetepstatiaifidtets; amybzecromiamtms tHeggof.del i veri ng

fluid to the nher ane .di sposed ream of  at | east one

filter. The con%ﬁeféDlil |aﬁ§,“§ﬁﬁ U@} PO d@“&?&ﬁv?rﬁgf%%tr%%h‘?@’rmm fng the

chem stries of prefy@reathiathber 410 hasQrfilté ¥4 Mﬂﬁﬂ%le%wnwe%r@%ﬁg i%g?.\ ¥iehepr esent)
- pronot e hormgenel ty and sol vation of adquncts The cg troning units

may al so 15 i n‘l:ll 0y die PARISHIST fallr vadss epdilnidignstre deiegsdpomdalivering fltideo tdj unct or
adj unct/ C02- &&%‘&ambéﬂm egg\ﬂlsﬁ F(ahﬂnoer efsaﬁ%aé{/ncltﬁge mechani cal m xers

and fl ow m xi ng. erat ure con e ac 38 ng probes,

i nternal . c0| I s el e“PiErtIoadnmnd]/gmmtséJl €2} @3 Raly ihdG8eteadsfor @xanPihe. An
el ectri cal er.or affé Cg%neat exchan er may be used, for exanple. 20
The fluid tran BistigsAle Ctlgflforrﬂﬁ’*‘é‘g erdavast apl ¢ Qodphen ereshtidecur at el y

and consi st entdymBRURHJpEndtyf ddWoRkitid W tahl g ude
di aphragm é)lu ﬂr - syri ngenpttfrrps c)oranprllglq 091 purrp’@g ngﬁl\éhﬁlgpw%ay%g

parti cul arl rlaﬁg@fhmnm‘ss fhacantiodéng th teu'sieraamre«bf drechdilese bi aehch€0gi n, | t

w Il be appareqt ose, of ski t.hat vari ous difi Qati ons
Ty be mate. oueh eha e prhet Tt ShE el bR R LR BIRE 1t he
system 120A ( Fiagpeeatdk cohliél By beAdhlevedudih@Brobs, r{ﬁﬁénfa?&ﬂlst Qehbs,fahdiod

transfer device P3 such that the flowfromthe line L6 is directed to the
line LI. Val w%‘(eﬁ‘éﬁ Jaskefor eamplse An electrical heater or a fluid heat exchanger may

be used, for example.

20 The fluid transfer devices P3, P4, P5 are preferably capable of accurately
and consistently metering a flow of fluid. Suitable devices may include diaphragm
pumps, syringe pumps, or piston pumps, for example.

While particular arrangements have been illustrated and described herein, it
will be apparent to those of skill in the art that various modifications rﬁay be made

25  in keeping with the present invention. For example, in the system 120A (Figure
2), the circulation line L6 may feed to the fluid transfer device P3 such that the
flow from the line L6 is directed to the line L1. Valving (not shown) may be
provided to allow selection of the feed line (i.e., L1 or L2) for each flow path, so '

that the chemistry (with or without CO;) from the supply S1, for example, can be

30 directed to either or both of the spray member 190 and the nozzle 191, as desired.
The apparatus 10 may include one or more chemistry supply paths that include an
in-line reservoir (i.e., as in the system 120A) and/or one or more parallel chemistry

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



provided to allow selection of the feed line (i.e., LI or L2) for each flow
path, so that the chemstry (with or without C02) fromthe supply Si, for
exanpl e, waw3we3fR0 directed to either or both of the sprayamrssenrsm90 and
the nozzle 191, as desired. The apparatus 10 may include one or nore

chem stry supply paths that include an in-line reservoir (i.e., as in the
system 120A) andé paran)enehamsn‘prsepmpahk at SaredThlsdriative SUpleY (z'Q.atéQSntHéat are
direct injection (i system 120B) and/or one or -22

03/ 023827 Paﬁm/l%&‘ébﬁd%wel ﬁgﬁréi fhaid trapates @wgpsg@m@quoacemnqrm& serve
Al Lernat ] ve SRR RS finfmay 82 pldviddis sSYRATLASD il ARBRGl 1 L 0TS

fluid transfer devices |rs con untts and ng nmay be
provi ded as needed to provide addi ti onal erX|b|I|ty 5 Clean i na/ Pul si na

Process Th apparatus 10 nmay be used to execute a w de range of processes
wherein th \Am—l%&#ﬂ&sure chanber 410 is subj ect ed to fluid
streams, pools an%@ﬁ;gp%%&ﬁ@fmay b@ﬁée(a%@geﬂaeemc%' aggé and

m Xtures thereof, in ari ous states upercrltlcal
fluid). Such pherastesvaiayd mehaqaessurelﬂfmanibeam{bﬂs sobjlae:b&vtcsﬂmtirs&eztmz(,e g.

coat) the wafer surface 5A For tus 10 ma be used to
conduct met hoBSOlS ANGRITOSBRELTS: }nﬁl %W?ﬁ&\ﬁ%{;}mtg dmpnegthereaf, pat ent

Appl i cati ons, vaﬂaﬁlsqka%l(eguulqedotraswmpelﬁbrﬁlﬂ'ce ﬂﬂﬁ&)eb%ch %@Es@?ﬁﬁ&%gﬁv@% ein by

r ef erence |nthe|r entireties: . S. Patent atlon Seri No. - 15
i nvent or s1Qanekapor @bmw@reaﬂmscqat) thve Ghter ﬁurfaﬂeélzﬁaeffor@m@lbethe and Davi d

E. Brainard, flle dt th.e for Ceaning

M cr oel ect r onfe? qﬁ?@f gge\l/l\fetjd?{b cfoucz:gle Oﬂﬁgss%ls%ﬁfg(eﬁlﬂf gtﬁu?%n@orney Docket
No. " 5697- 45| P):omﬁlonlg} dwneBal. SﬂPatﬁ@p‘lppﬁaétlth the tisalosl¥es o2Rhich ¥R Heasbs Janes P.
DeYoung, Janes B. M ain, Stephen M Goss, A and Joseph M DeSinone; filed

Sept enber 13, inpgEppratethlerein by deferause Hodsi Fatiretissani ng M croel ectronic

Structures with Aggeous t (Attorney Docket No.
5697- 451 P2) : 3. 0 paPesﬁ?ra%,?PﬁF’%@%@ﬁ%%%me@s P.-

DeYoung, Janmes B. Mcd alm';entarsdf aeepheY ding, GmsB. NMeClath, SéphaiBeColt3, 2001;
dtitled Methods f t f t St t

?Rt t olr nes Docket(‘.) SNO or cﬁgavur:l]% Brefalrrzarlicgileg Sell;t(e):mber f:Br, ggbfcangl?ﬂl 8 ructures

' Methods for Cleaning Microelectronic Structures with Cyclical

Phase Modulation (Attorney Docket No. 5697-451P);

U.S. Patent Application Serial No. ' ;

to

20 inventors James P. ‘DeYoung, James B. McClain, Stephen M. Gross,
and Joseph M. DeSimone; filed September 13, 2001; and titled
Methods for Cleaning Microelectronic Structures with Aqueous
Carbon Dioxide Systems (Attorney Docket No. 5697-451P2);

U.S. Pateht Application Serial No. ; |

(9%

25 inventors James P. DeYoung, James B. McClain, and Stephen M.
Gross; filed September 13, 2001; and titled Methods for Removing
Particles from Microelectronic Structures (Attorney Docket No. |
451P3); | | o
4, U.S. Patent Application Serial No. ;

30 inventor(s) James P. DeYoung, James B. McClain, and Stephen M.
' Gross; filed September 13, 2001; and titled Mez‘hods for the Control.
of Contaminants Following Carbon Dioxide Cleaning of

Microelectronic Structures (At‘comey Docket No. 5697-451P4);
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451P3); 4. U.S. Patent Application Serial No. 30 inventor(s) Janes P.
DeYoung, Janmes B. MO ain, and Stephen M Goss; filed Septenber 13, 2001,
and titl ewwoMsiokssds for the Control. of Contam nants Fol | edmigso@asdoon

Di oxi de Cl eaning of Mcroelectronic Structures (Attorney Docket -No.
5697-451P4); -23 WD 03/023827 PCT/ US02/ 24004 The foll ow ng are exenpl ary

processes tha i r the ent. | vention.
Pref erably, ﬁ;}é va noo&gfg' f‘érﬁ@g#rﬂ;%sg geg t@%\% g pr%%eg &ggpr A eJ?h
operatively Cﬂi&@@&'&@tﬁn{f@t@nCGmﬁﬁtﬂﬁlm thedaletny ﬂeid ednsted dpviessi el feaedtback and

control as needed tqo conduct the desired process steps. 5 The wafer 5 is
inserted int oaﬁeW@efﬁFlé%‘%&P@lﬁﬁﬁéﬁ%éFOIER‘@e‘é?—‘Rﬂl watrgHerdo pevidrefeediage Rnd 10 by any

sui t-abl-e neangO]@% iﬁe%d@tgtbec%h%{@ct%e (felsggg)émc%% Sge Qref erably, the wafer 5is

secured to the I'n one of the nmanne ScFibed bel ow with regard to
the wafer ol di ng Tssenfer 5ésinSaed(iftoghs preddye chitghtbd1( Mdet@e@d) theThe door
of the pressa_le chanber is Rereafter cl o ed and sealed. 10 Air and any
ot her gases i fuckalfbyeay put S‘Aci"oaseﬁd eha@iFATBES- fYote Rrefarab b @€sur e

chanmber 410 t Qraughs theekih e%@cl@iﬁ' dﬁg or iR ré@rﬁ{égsrﬁ%%ﬁed%lobm %%_IH Y,

chenm stry fromone or nore of the supplies ed to
t he wafer usi togthe Iwafarlhekdngasyemhﬂmsl@ﬂéﬁngdre IQ»mnﬂchQXEtgam 220 Theidoor 4fo

pressuri zi ng é@ ‘%ress pre ch% 416([3 é he $ essure chanber 410 is

t hereafter FEFHE FRHPPH 1OB5rRfre @yed png seal C{w d C02 or ScC®) fromthe
hi gh- pr eszsoJre tankA‘ﬁJandlah%&feabAsys mttH@pR:"sﬁﬁéHﬁe&nbe@ﬁ@ﬂ*&ﬁz"evﬁé\ﬁtédsfrd}ﬁ%?esur' zed
to a pressure of at |east 400 nd nore preferably, between about 800

psi and 3000 p@ssm%dmmheoﬂmmyougbﬁ}éﬁhm%k@h%n@therva@menpméi’éure chanber 410

t d at | f e abl 20 10C
and 800) - Tor exangPhotiy Hs A BLah hest Biofe & AP alealBLiTa SIHIEC (e

pressure Charrb@heél@thes;vmxegmgrtheel&nhm Set@rliethiny $s&H 20 pritense- phase
C02 is circulated through the line L2 to the spray nenber 190 and/or t he

nozzl e 191. TRESSHZEg hepiserrgshaaes4tbhe dense- phase CO2 onto the waf er
surface 5fs Optiongpl %res%?@éﬂaﬁ{brewld"ﬂsttﬁbré’if% \Nﬁ] &H}zeh'\ﬁ%ﬁ'@%f@rezgﬁ@lrc” tical

C02 25 m xed therewt rom one or nore e supplies 3 may be
applied to theuiddirortelCy) frive thegh-ptasyurs tgykl T1.cPreftirablpnhapresspsd em 120.
chamber 410 is pressurized to a pressure of at least 400 psi, and more preferably,
between about 800 psi and 3000 psi. Additionally, the atmosphere in the pressure
" chamber 410 is maintained at a selected temperature (preferably between about
20  10°C and 80°C), for example, using a guard heater as discussed below.
Once the pressure chamber 410 is pressurizéd to the selected pressure, |
dense-phase CO; is circulated through the line LZ to the spray member 190 and/or
the nozzle 191. The spray member directs the 'dense-phase CO; onto the wafer
surface SA. Optionally, chemistry, with or without liquid or ksu'percritical CO,
25  mixed therewith, from one or more of the supplies S1, S2, S3 may be applied to
the wafer using the chemistry supply/conditioning system 120. ‘
| 'kThe pulse generator 102 and/or the high-pressure tank T1 and the valve- V6
are then used to effectuate cyclical phase modulation (CPM). More particularly,
- the pulse generator 102 and/or the high-pressure tank T1 and the valve V6 are
30  operated (with appropriate temperature control of the process fluid) to effect phase
changes between liquid, supercritical, and gas states. Preferably, the phase
changes are effected between supercritical and liquid states in a cyclical fashion.

For example CPM processes as disclosed in the commonly owned U.S. Patent
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The pul se generator 102 and/or the high-pressure tank Ti and the val ve V6
are then used to effectuate cyclical phase nodulation (CPM. Mre

parti cul amoy3/2shre pul se generator 102 and/or the high-prexquws2tank Ti and
the valve V6 are 30 operated (with appropriate tenperature control of the
process fluid) to effect phase changes between |iquid, supercritical, and

gas states. Pr@;{pg{;@ep;nysen’rahgophase changes are e;i},_e&{t&g J%gyp%yomg’
supercritical and liquid states 1Tn a cyclical tashion. For 'exanple,

processes as demed BsHgClan, Miched Babaleyansiipedd B. Braipardefited Seatembe0ld, 023827

PCT/ US02/ 2400 lLi.cat i, i ak/ No. i P...DeY N
B MoCtai r - weORGERY B A e One bt B EROEE o2 E g BT BR 157
2001; and titl|mdsdVRbigdsos Kitdeh€@aDodk@t I\IBQSGWL@P%%H Gischbdurchmsh Wi th

Cyclical Phase Mdul ation (Attor ne%%éqDocke_t No. 5697-451P), the disclosure
of which i 9 . 3eHeyawpraoseed perett byaekesnse in iiyentivetyy wax be condugtedent i rety, may

be conduct ed. Durimg-g e of . W th chem sty be
applied to the wafer q@? gp%é%ges’rggzne %‘Enﬂ%%?m hFEY}ﬁ&Pgﬁdﬁgﬁﬁ ate
matter from t heafgreds teesprayaember 1900 FIay alEpdrei 68N dndtied ol e Bregsiss!l €
chanber 410 and recircul ated |oca via the recircul ati on system 200 or

|y .
200A and/or r &BpRsiI4aP aepyhegempEed ﬁlr?fé thegpressyrephantiged 1 andansituiptedrne
process fluid' j ; g r ved
rom the pressay SRABBEARSyEHE o3 pt Vi o 0% PR SeRULEL i Bl B0,y
be w t hdrl@wn ahd drasyktempi28ssur e chanber 410 to a recovery tank. The process

. pat hways (i ncl udi t he essure cha - 410) may, be flushed one or. nore
i mos S ut th o SOF piee R LS ERRE L AbBec R e MR, oremo
f oregoi ng Ste%n@fbe%?és&ﬂ@%hwb&mbﬂﬂﬁe ORE1.20. m%ro‘?scg;gseﬁl'&@lo@h@@a%{a@ib%s_ S1,

S2, S3 to the wafer (with or without ScCQ2), conducti ng CPM and r énovi ng
t he process f|withdravayfrom theprestuetichambaedldkia.a Eodeomian. Thepfocessl. CPM cycl e,

the process fluid is repo an ptional a rinsin luid (e.g., a
co-sol vent or P20V4ut 63@?%3%@%%‘3%}1%6%%@@% W&Fﬁﬁyﬁéiﬁgﬁ‘?fb@s‘“é‘?m 533 onto
the wafer 15 (prigf gir@lifyid od BgREcrNicalSSOs Bomrtgnankerispr ay menber 190). The
pressure chanber 410 and the process, pathways (including the recirculation

pat hway) are t her edf &9regeing pleps o aptiomplbaprpivpsPrhe massiof the ghemisidsfov e

adj uncts and r, ) Iy ! : 4 k fLui g i C02 25

(liquid or su&gﬁ%’ﬁsﬂgﬁﬁﬁéﬁﬁ%ﬁf égwggebéﬁ tIS g@régh%{r/ﬂeﬁg%?%ﬁg?gangﬁaﬁggﬁél ni ng
the process fluid may be repeated as needed. Following the final CPM cycle, the

process fluid is removed and optionally a rinsing fluid (e.g., a co-solvent or

20  surfactant) is dispensed from the supplies S1, S2, S3 onto the wafer 5 (preferably

under pressure from the spray member 190).

| The pressure chamber 410 and thé process pathways (including the
recirculation pathway) are fthereéfter flushed with ScCO; from the tank T1 to
remove adjuncts and remaining residues. If no rinse fluid is used, a pure CO;

25 (liquid or supercritical) fluid is used to remove adjuncts and remaining’
contaminants from the substrate. The flushing dense-phase CO, may be
recirculated, but is finally removed via the line L10. A final rinse of the wafer 5
and the pressure chamber 410 is preferably conducted using pure liquid or
supercritical CO;. ‘ |

30 Theréafter, the pressure chamber 410 is depress'urized and the wafer 5 is
removed. h

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

spray member 190 onto the wafer surface at a pressure of at least 400 psi, and more

[
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contam nants fromthe substrate. The flushi ng dense-phase C02 may be
recirculated, but is finally renoved via the line L10. A final rinse of the
waf er 5 wadh3tokss2pr essure chanber 410 is preferably condudcadusesizag4 pur e
liquid or supercritical C02. 30 Thereafter, the pressure chanber 410 is
depressurized and.t wafer 5 is renoved. Preferably, the apparatus 10 is

operble | o apgly NG BRUGEILTN] oot (e spaprocmsbay oenbpitds

waf er surface g .0 i nore - .

PCT/ US02/ 24004 %ﬁ_ré)fe éésrgz%rag/tgbet ?Areq}esﬁ%gt@%%}im%&ﬁ%f?ﬂ 1%&*@8‘@}@% merpher }9ocess

may incl ude appbiiingreldtive tpthovesa. fEiuhieﬂoﬂKth\@Ieesﬁardﬁ%é}g?gngg%B{ea%nﬂpnber 190
e war er |

with the spray men%eer 3.90 rotating relative to't ) r“or both
the spray nmemb& SRR §90 of the spray gem Abrandgie chruck kieg. s fieaucieste628Q2) and

t he chuck (5-9-552$B§y55fb@4ﬁo§%{%d1§%%1 or 5 552) may be rotationally driven.
Mor eover, a flow of process uid nmay be provided across the wafer 5 by

feeding the process Mdredwdr,iarftow ofrocdsa TS méj Be ¥idviddfeRMs ﬁlgzvﬁif?ré(@y g., the
nozzle 191) a?dedsior’ﬂ{l taneo%ﬂs.li%i repovi ng process flui 5 t hrough one or nore
of the outlet 11 HEfBOGSS n{q e chamberid 0 viaefeed 0pzalt e ¢.) the nbdzde and/ or
the line L6). PopfedatthMiandfist APR3 . 1S operable to provide such a
f1 ow t hr ough thegchanber "410 sgf[l%rg pirﬂgrpg&oégs éﬁldltg{%l NG PROTEL! it @lehbove,

the process mayneselsudes létierm'l,lﬂémléfmlslmﬂmﬂﬁl‘ﬁdhm,fah@/or‘dﬁﬂﬁlietl)@.oﬁrerfé}gbmlgg
t he r 5.

cont ai ni ng;pr oge | ui dpand _sprayi ng .the process fluid onto e

Li kewi se, 14 tﬁlgs%ﬁéa%{é&s %Equgﬁ%geﬁ%ipﬁ‘ﬁé%ﬂﬁglq fove throughrife chambpr |44 8 atls
generator 102, raze 6f aale¢agf2 g process fluid through the chanber 410 may be
provided at the sane tine as the density nodul ation. The wafer 5 and/or the

spray menber 190 néy"9d 3barigl thamewsssd may oradedimiltneasty giisihfenel or €goi ng
steps invol vi ngsk i abhon:of  chemestries, the chemstries my be any
sui tabl e chem stnrﬁgngnlddp:ﬁgﬁtlg@fﬂ" rrfgceisf ﬂflgirﬁgﬁﬁp%gép@archtﬂu@gntpﬁé

chenistries mayafend! Likewise; if Hevshatsmogulefi@eisaot Smpils ) | ants, and
the separate flow I|Joas't ﬁiﬁgﬁﬂﬁgrp%ﬁ%ushi ng

conbi nat i "t her eof . tably I

rr]\ce?nst of lolgfle qzeﬁlglfﬁ?cgtlrogloaffsz§/th§W§?“éﬁﬁ Hoig th@yglﬁéiewbadng¢roilﬁi%aeylt%_e and t

ef fectively adstovidse RAtdatd Bns el SLLd: e chanber ., The apparat us

may deliver process conponents in d?%‘?éel%{)&é%tg{nes ér\_’%@r,Sand/ort € spray
member 190 may be simultaneously rotated. ‘

In each of the foregoing steps involving the application of chemistries, the
chemistries may be any suitable chemistries. In particular, it is contemplated that
20 the chemistries may include co-solvents, surfactants, reactants, chelants, and
combinations thereof, Notably,' the separate flow pafhs and/or flushing means of
the chemistry supply system 120 may be used tb safely and effectively ad
incompatible chemistries to the chamber 410. ‘ '
The apparatus may deliver process components in different states (e.g.,
25 liquid, gas, supercritical) to the chamber 410 and may allow for components in
different states to coexist in the chamber 410. The apparatus may provide heated
CO; gas (e.g., from the tank T1) to drain or flush process components from the |
cleaning chamber for cleaning steps using liquid CO,. Alternatively, the apparatus
may deliV¢r a secondary gas such as helium, nitrogen or argon from the secondary
30  gas tank T3 to displace process fluids during a cleaning step and preceding a rinse
step when eithqr liquid or supercritical CO» is used as the primary process fluid
during the cleaningy step. The apparétus may also provide heated ScCO; (e.g.,

supercritical CO,) at a témperature higher than that of the primary processing fluid
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25 liquid, gas, supercritical) to the chanber 410 and may al |l ow for
conponents in different states to coexist in the chanber 410. The

appar at uswoend/opsavi de heated CO2 gas (e.g., fromthe tankeCiljSoea4muai n or
flush process conmponents fromthe cleaning chanber for cleaning steps
using liquid Al ternatively, the apparatus nmay deliver a secondary gas
such as hel i u:]:]%%ﬁ?ttarcﬁ)e&éw t??”eépéﬁﬁhaft PHHctITEmasE poredsaing BlidgasdtatispEa: t 0

di spl ace procesgsodebsthgSuidy bt de i and. preceding a rinse step
when either liquid or supercriti C%?gf%rgogaogém%g%g rr‘?&?‘g}mﬁﬁ@é%ss
fluid during tHagSCEEhi ng step. The apparatus nay al so provi de heated

ScCO2 (e.g., supercritical CO)) at a tenperature higher than that of the
primary processing fluid .-26 WD 03/023827 PCT/ US02/ 24004 but at a density

| ower than Bhatsugﬁlwmowd':ﬁ@tympr ocessing fluids used to displace

processing fluids after a Cleaning step, but prior to a rinse step for

cl eani ng steps usi A§e SepirTecsVesy pystant BOE ivelayited Y6 bIPIYT: BRIGYRRlW dacevery
nd/

system 300 is u and/.or recycle and. re- supply COQ2 and/ or
chemistry to tﬁmg%%ﬁ%&p&%%%%ﬁ@ﬁlmﬁ@%ﬁ grsdbeprdsess prwardsCO2 Wi | |
be | ost. The psane€s,waY bé st Une RetShnEY S e ressure chamber
410 is pressuri edb and_depr ess,uriﬂzied n%%;%q%(?én%e\é%?énh%ge é@ffeo CRESfHe 10
substrates (e. gl?zan} ehdl @ ispressurizeg\aad depressughed menChRreb a5Rdc4REIBE 85 8N

equi pnent) 10 Farp g&@ggel , i Wl b 0 0 at nosphere when the .
pressure chanber S?s b%’n%%g{ggﬁ%%rr‘éé\llge&ﬁwgF%%&@é%’%lﬁ?%eﬁs%wlmmw Il be

| ost from the EByrsixempiensorhdi€0sasll Be Rist ©amb d wheH @l o tde. system
Subst anti al am)unt?sﬁ of theal%){zﬁp%vm Il be con%%%ir. nat edﬁg?&gﬂgéerw sgeé?%sendered

unsui tabl e or PBTENTS HMoye agpPaferor Same £Qn B be dest fromuthasysesm tohr ough
the process | o@pwak@lstibiig . ity lS hecessary .t rovi sour ces of
addi ti onal CO2 jt(\)N ar eSItrer]i ?ﬁat Esﬁ‘g&%ﬁi)%lst?é ?%S(t)erﬂq't Eigg%%é@g%‘ggumwfgg? £Onal | y,
it may be desiVibbecontminayd beoONimsenddrtd assutlSBos bondfy hSWESId 3, t e

appar at us sewher e. Stock C02 supply Wth reference to Figure 7,
t he. suppl yl' r egﬁd\?g‘lﬁrfg%@%‘iagwgg‘ ugfh@fe 86%55%10%2¥0%@6W6wppliyi5 Ba&ssafhe suppl y
312 may be, foiroedasilress FELBAiSHRRICE T kbl iguid cylinders,

car boys of sub-&gbi ent |iqui d1 or bul k @&%%%yﬁ§$952‘5n§f‘]8f‘%§8{99§%i ent
liquid. The stofHienabt ey bedesrablslty redyctvBOf ar wellippdhenasiryeiot ke 25 | i qui d

or gaseous CQZhe apparatus 10 or elsewhere.

20 Stock CO2 supply

With reference to Figure 7, fhe s‘upply/recOvery‘system 300 includes a CO,

stock supply 312. The supply 312 may be, for example, CO; supplied in one or
~ more liquid cylinders, carboys of sub-ambient liquid, or bulk supply systems of
sub-ambient liquid. The storage method preferably allows for supply of either
25 liquid or gaseous CO,. ' ' o

The supply 312 is fluidly connected to the process chambér 410 via a line |
L17, which is provided with a valve V11 to control the flow into the pressure
chamber 410. Preferab}y, the system 300 is adapted such that the CO, from the
supply can be delivered d'i‘rectly (i.e., without aid of any fluid transfers devices,

30 | pressurizing tanks, or the like) into the pressure chamber 410 at a desired ﬁressure

(preferably between about 15 and 50 psig). The supply 312 may be from a gas or

liquid source.
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The supply 312 is fluidly connected to the process chanber 410 via a |line
L17, which is provided with a valve V11 to control the flowinto the
pressure wohasnhse7410. Preferably, the system 300 i s adaptrd/sseeh4daolmat t he
CQ2 fromthe supply can be delivered directly (i. e., without aid of any
fluid transfers devices, 30 preessurizing tanks, or the like) into the
pressure chanber 4100ags eomineily debtpyusesior exdugtpirbiel abhyelal wesite. abfood 15

and 50 psig). uppl y 312 .may..be froma gas or liquid source. -27 WO
03/ 023827 PCT/%%%?%E%%&% 8 Capongrion; H?rﬁgﬁgélarﬁ@ﬁaﬁ'@&l%rp watsh P 4 and
conmer ci al usee)i€ n6t suffi el yIQEEBEpdGesSHE T Ao LARAId SRselePever ages and
freeze-drying, pH control, or drﬁ Ice) isS not sufficiently c?ean for

processi ng of GPEmMENk} suchn fipsligssineludeeontantpants shoh, assurginiOfBteszippl i es

i ncl ude corg anmj,par S ' terjals,. 5 other ga , Water and
particul at (r;g ng%tpgrga? %t@g{gﬁ?lﬁdgﬁ {,rﬁa{l%]té r%?;tgf' élrﬁ‘f@écanglﬁy eisﬁ?gxﬂgﬁaénaﬁuri fication
unit D1 bet vweeincluiea puidfidayions Ldit DUcbdriveen-tRE QEPUF $1THAMDE bresékO chaliiRr
purification unit. Dl is operative to purify the CO2 supply to the

requisite ul t$4- fihgmuefieaioniynédRl perstive topurify the O, sempheto, the requisite

purification unit. ef fegt | e,of f. o%. rade..or jndustrial
b ade o2, t hep oty FARIES and DA 7 Eh TR e B B R

di stribution chabffsctivensdsoodlgeadpor irdusteitli @addIO0L, (RrehRYlIdWIEL UdQISOBE OF
more of thg follow n ns for fiJ]tering gas or liquid C02: 1. S

Di still atilg)n: Gfxpﬁélng;@}gppgg %‘&H}dﬁﬁ“ ¥R AAGALde2-suppl y or a -gaseous
portion of the SUppl*Hé-puHﬁGMiﬁ &@Dﬂ?ééyt?ﬁch?cfead%’or?x?drle%gthelr\@r%@?ﬁ%%answ - to
a collection volume and re-condensed; "2. Filtration; 3. rafe separation
(preferably palor Bdensigtges ar quidiG@3:on); and 4. Absorption/adsorption (e.g.,
capture based on attract, f.orces .or | equl ¢ size). 20 CO2 al so be
delivered to the proces.sl‘@ﬁ latony ﬁﬁ&r@f‘w rcﬁﬁ‘f’nﬁé’r‘i REASEFLTBRY T Ehanber
410) by introduci n%agé_dﬂ[; bbl@i@ﬁ!Ofﬁ%ugﬁgpﬂiﬁ@d E@g%gy%vcggwﬂmogleéggocgécﬁcussed
bel ow. Preferably, this _additional is first purified using a
purificatilon unit deprcelydaaivalymeandie-cpadensddeati on unit DL1. 25 Waste
stream handling As noted ghQuf j.n the discussion regarding the process, at

various tinmnes '
3. Membrane separation (preferably paired with distillation); and

4. Absorption/adsorption (¢.g., capture based on attractive forces or
molecule size). ‘ ' |
20 CO; may also be delivered to the process (and, more particularly, to the
préssure chamber 410) by introducing additional CO3 into the vapor-saver unit 320
discussed below. Preferably, this additional CO; is first purified using é

- purification unit corresponding to the purification unit D1.

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 ﬂufid'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., paﬁicles
30  dislodged from the wafer(s)).
The system 300 includes a low-pressure tank T2 to receive the waste

stream drawn removed from the pressure chamber 410. ‘The tank T2 is preferably



(including, typically, at the end of each run), processing fluid may be
renmoved fromthe pressure chanber 410 via the line L10. Such fluids may

i ncl ude | wguisdh23s2gaseous, or supercritical CO2, chem stry,pcansozasioaous
contam nants (e.g., particles 30 dislodged fromthe wafer(s)). The system
300 includes a Iow:gl issure tank T2 to receive the waste stream drawn
removed from t FEUHFBES AP TeIHIRR PeiMesn abquambaerit amd 3060 pBieﬁ"hﬁadzihmeQES WO

03/ 023827 PCT/ f bet t anbi ent
and 3000 pi . heene ToRe sl S1PEEs Snsl ol G3IHE B e pRERIT et Whnes. the

vol ume of the pressDiffereitanbposidins mEzf bé exmiled enthR it TORS wARY: A& fx el | ed
to the tank TZa§1|llj i ch Caset}gﬂl? Pk T2 is a segmented tank or nultiple
tanks. The pre¥ s & spqrRenied rniror multpleianks Theamessiwetin dlfe tanipT2sslese head

upst r eam of 5 anghah ittt AF ¥ pFREIRIRL L1 Shrv ressure hanb 410 so t hat
the pressure differenti AT or ces hﬂg wasfghﬂtm rﬁOfIWB‘B“ lﬂg“fl €T2 from

the pressure cheeapies chtber #tbsocthatthy prdshee Biffheriab fsebsehd Ridte dtkeanPin@y | des
the pressure hga t her mechani cal device is required.
The reduction iﬁﬁq%ﬁ@}sg‘ tﬁ? p’%ﬁ%‘g?%?“’j? I 0. Brefqrahiyithe high-tressmettink Bt essur e
10 chanber 410pio9idel hetpastisurt Zeiyo B8 A5 arat i on.
Supercritical I81)2 ngeggéebsgr flew do may bIZLqré B étggljcfjﬂ cﬁ?%ﬁaﬁa% lcﬁl}sersegﬁlf%d

reduction device (eThereductioann prﬂssurvafthe Q@z asntifslméfeﬁr@d ﬁoﬂnﬁh\@preﬁgu%sur e.
fluid (e..g., chem cal

At this | r S cessi ng
adj unct s grr@eent rag‘?oﬁg%focoﬁ‘ﬁam nantlgiyq?ﬁa géo Patcaﬁﬁféls%l@fqt’f%loISHB?’réntl@aﬁ&%by

facilitating tprecastii asf bsepanddd roweh atdd&sexR
light-fluid CQ2 strea{;p@ nd a heavy-fl l}l?dafl?ngol u%lmeéﬁgglas?vel?%l e s‘%oriﬁgrglm A

supercritical (% §r% toray lgyvar Wﬁvuéﬁ st this IQWplamdgdra, boropatents qitlesssur e

reduction to thgcd¥@ oLi ase di Thi s may
enable the’ se%grr%r?t agﬁgﬁﬁgf cfﬂ?*j ?@u%t%%eeggraﬂeﬁ ggap}paafs?%@yglﬁt segnent ed
vol unes of a Iﬁndﬂrctbuhso ahlle thereby Fecilphting the kfficid 6épasRRARTHRIPAN¥RY bE.

e the generation of m xed waste streans,

advant agegus to coul d m.t |

whi ch mayol§e amAged igh{ gu‘dqﬂgﬁéﬁée%%ﬁi ahegyy dluihtipehanie) aitemate sseamans.
Segnentati on nay alse hicel ¢b dids! f n for
separation of the pr olcl:%zés%l r?g flu ?pro %égrgp%ﬁgfggals? be%%(?éndeé%!)u rhaofﬁre%sﬁmeco “for
recycl e from cRétieato ﬁ’d]Mﬁ@h&SCénquléffﬁasamweﬁ thophiaaiiagrns THiOmaglieagmeal ) .

o st ate ¢ DB P A IR e S e ol Bsale  on o
conponent s (i .dieded tank or mul‘uple tarﬂ\s Such segmentation may be advantageous to could
20 mitigate the generation of mlxed waste streams, which may be more costly to
manage than single component fluid streams. Segmentation may also enable the
‘ ‘ utilization of distillation for se'paration 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 compongen;cs (ie., |

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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evaporation of flash evaporation), for exanple, as described below wth
regard the distillation system 340. 30 Recycling and abatenent The waste
stream r eo@ 03@d3s2n t he tank. T2 is thereafter transferred ROI/8802/24004
recycl i ng/ abat ement station 310 through a line L29 (which is provided with
a valve V12). The waste stream may be transferred by neans of a punp or
the like, but peferallly tMbsBStORRPT nBRCHELIBORALAREMs suRk ot plealiky dirf-ansker I ed

usi ng a non-nmnmecgh niccal. nEfniﬁSUCh T%\s&pressure differential and/or gravity.
To the extent FRECVEBYY st} BSAELING d@5e sEpur hecbeonsepdrated imtke Tk T2, her e
may be two of {HfEMEEBANA §F hbf&s hued | : espective separat ed
streanms for separ atg handl'i'ng %yp%ﬁé'h}&ﬁs{d[léﬁ%i%&g Ilk{?erg%egweesgﬁasra%aﬁgﬁém .
treated and di fsceradats hiydlingdyshstrend B0 Mhese sthanfschdoyd HerdmpRoted . CO2

may be di sposed . of thro .cogntrolled venting or draining via a |line L27
to a safe atnos ﬁig,ﬁp’%elgﬁg@ﬁ%ﬂ‘ﬁg%ﬁ%mgg}ane@m ection for unrelated use; 2.
C2 may be directly supplied £o, e bPURSSHH 10.via a |line.
L22. The C2 is preferably puri ieg b ﬁeangfg‘i}gggﬁéorr} %S%F?%Wgoﬁnit D3.
The C2 as del i ver edraining fie apinedSlrea sdfarntmersphdic disctowgeddng collédien ka2 may

be at greater than @hgﬂ&grﬁgg,i C pressure, in which case it may be used to
perform or augnent € pressurization of the main processing chanber at

the begi nning of each cyzle; @8,8ay 6 8ir s@spisidres fication
unit D1 thlr ough the line_L23 and t hereaf ePﬁi) nto t iﬁgésgge;{}?gl%g%%lrgber 410;

4. Gaseous'loop nmay Yig adine d2Redhe mQuisgrreterabli pwvified byomearsi df a piRificstnough a
Il i quefying unit 314 (Wt C ys ssure and chill he gas),
and supplied to théelmgetlg%km&%gbga%%?l%%ﬁgﬁjgrpr'fﬁ?lf%cgﬂa‘q?gyfﬂnthf%@h% manner
descri bed above; 5.lied22myy beaymssadhdndtougihesicpesshleCRAIE SHIL §: &2, and
re- pressurized anﬂﬁsug l'ied.to the hi %h- pressure tank Tl through a‘line
L25 wusing a press &Wéfﬂn@é’ré?zgﬁ‘?’} the pyessyyizEBN & thoorinmagedssngli r ect ed

via a line L26 thr qughbar AWkd beofiithd Wy aaﬁc}é’ﬂai't D5 to a vapor saver tank 320
as di scussed below;, and 7. Chem cal ac?j uncts’and contam nants may be

treated and/ or 3. CO; may be directed to the purification unit D1 through the
line L.23 and thereafter into the pressure chamber 410;
4 Gaseous CO, mayy be directed through a purification unit
D2, through a liquefying unit 314 (which adjusts the pressure and chills the
COx;, 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 pressuriiing device (e.g., a pump) P8; :
6. CO; may be directed via a line L.26 through a purification
25 ~ unit D5 to a vapor saver tank 320 as discussed below; and '
7. Chemical adjuncts and contaminants may be treated and/or

disposed of/recycled 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



di sposed of/recycled through a line L28 and in accordance with good

chem cal stewardship. 30 Vapor recovery Foll ow ng draining of the process

fluid fromadsepzessure chanber 410, a pressurized CO2 vawarusehkéoosemai n

in the pressure chanber 410. It is desirable and -30 WO 03/023827

PCT/ US02/ 24004 often necessary to renove this vapor prior to opening the

pressure chanbetih Ieceserry fstepie e vapay ptivatoepshing thpresstiad €abib:) 410338

nmet hod for depr hZi IS to vent the chanber using a
RO G PO R TP,

controll ed rel ease. erna ressor or punp may be used to draw

5 down the pressur e Qme tétbodfce sepressuciRRERY cidiBer | of Lhe CO2
may al so be reduce si.ng a \vapor_ recovery sysféﬁngigﬁtﬁﬁw@%ﬁwlﬁ%a

fol l ows. Such r?B’Ptﬁ‘g]d" relfthea pp rRAtYELyneigorapressoy or penp e hearel pspest s of the

net hods and sappahatisSordissf ; ..l S Patent Application Ser. No. .
09/ 404, 957, filed S%SI% enbgelrﬂ%ﬁ?pﬂfgsé%é %ﬁﬂlbﬂfﬁ' S. Patent 10 Application Ser.

No. 09/669, 154, fi | dtheSepsertdth?60, 2A9QlsoAe YARRE ﬁﬁﬁ@g@or%@ggje r
pressurized contain 232 iS$ .uUs to rapidly capture yprcally, gas
or SCF) at thesgﬁﬁn g# amg%%eéés g‘glﬂ@- ts_ﬁﬁlbmgﬁnoas hncheppakahs mdhemplapt ur ed CO2
case, the venti g e Pt 0 FRteelh WS oreldbyn Bieloha e Hdaien 10 Lo 15

avoi d for mati oftPBfication Ser. dioy 0p/86Y,957 rfilecBepreraburen, 169 rieIseEGhanber 410
may be depges I: [y, rapj vant ageously, the capturing nethod is
not - const ?gi n%‘gﬁ%@aﬁgﬁg’v&oﬂ@Pg#’gs?’ﬁﬁﬁﬁ besf25a209chani cal device (e.g.,
a conpressor). TheAwapoHrecdiert a8k VAP : ; 322 .S preferably on
the order of one to 51())0 t(i:msg}tthe vgﬁasnuélgig)t?yot%@e{n%seiééﬁ}’%edéﬁ5%15‘@?’ 410. 20

The captured CEPUaYChétyRiEARY.chsion SERYatdbsendast amoesE cydlaelb@ingine a) it

may be di sposef;of | i 121 having a valve V10, and preferably
t hr ough a surggl?ammfgg‘?%?oﬁésﬁﬁam? e? E?W%E@ECI&WI duyidybut makba2lquidt may

be recovered @mwtuchccys:el,ehévrenringm;qn?efaraermchﬁEheamowé{ﬁ@@h Q410%
C02- based 1f§ re 25dfs§E$ren§§j Of] ystemor a storage containér for recycle for
use in son® otHhel PEEHA 91@@){ ce)dy thie mesewy thegoesand chenyeal 40 mfr use in

t he sane ‘be depressurized very rapidly. Advantageously, the capturing method is not

constrained by the volumetric throughput of a mechanical device (e.g.,a

compressbr). 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 L21 and surge tank 324, it may be récovered
and recycled for use in another applicatioh'(e. g, a CO;-based fire
suppression system or a storage ,container for recycie for use in some other
service);

c) T may be recovered and recycled for use in the same
application (compressed and/or liquified, and/or converted into SCF) and
re-supplied.t_o the processing system or to the CO,-supply system;

30 4 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).



application (conpressed and/or liquified, and/or converted into SCF) and
re-supplied to the processing systemor to the C02-supply system 30 d) it
may be uswea 03r28%22 next processing step to pressurize the pquemsnsm4chamnber
410 (which may be a prerequisite for pressurizing the pressure chanber 410
up to sufficient pressure to effectively add C02- based processing fluids).
-31 WD 03/ 023827 PCTHUSPRY 24004y sTRtem wagydnclnée o v@nyressss P formyisiineihdde a
conpressor P7 ltror easii s%i.ng tthtransfer of ngtgri al fromthe pressure .
chanber 410 t o TRETVABBITAEEARARS PRESHEY Shamber 410 to thawpror ragoverydasl(®). of a
processing cycF&exkm@lePitQBSetideo i |9 K
(C02-gas at vapor prgsgure or aﬁgﬁggeég?lé%?ggﬁx?:aﬁﬁsﬁ%e% WD%IE&?%Z&?%%&E 5
3000) and the Wighsressuse fvia-gastai NRPATEyesserear aguparoritiuabSaids 800 € P (@sidpx to
depressuri t [ re ch r 410 to,alo e.g., ient) pressure
very qui céﬁy ﬁog?ﬁdsﬁgvgﬁ’?fé%%ggféﬂ mgY bFﬁEaM%gﬁmeaﬁrg‘bqf Qal of the
substrate) whidepress@idenige ﬁrbﬁ%uf&dﬂéﬁib%ﬁ/4ﬂftotﬂ%vvc@%z,a§ﬂb?erﬁ)\r’;ﬁe§é gs may be
equal i zed, and then: a) a _conpressor may be used to push nore fromthe
main 10 procedfky (ehaivpdewiapening of Hsothandermd remioyalafdhdgubstraecehite vapor

recovery tank o : | di ng nmanner 0 'again rapidly
equilibrate ,an%gglﬁgﬁ ¥ ‘?ﬁaﬁg%‘?‘ﬁ%&gﬁ’n{?ﬁg‘%gﬁﬁ&%f #ay eF%}l‘éaﬁlﬁF%é‘gart@n& hanber
410. A conpressor may algo be dagdessor meyoy asddts pi®i bt of o hdgapapor 15
recovery t@nk(s) between the end of a first run and the end of the next run

at which Tinme the RFAPSHRE F{° thgyRpysavertanks andquired to be at | ow
pressure again. The capjured L04HINR E@@Q ' { he manners
descri bed above. It wll )be apspreci a?ggl%tc at {t/%%ix%{}'sbaé\% g?en%., dhd f1ow
control apparatus idascadugdintdnoer)toagdimtapidll eqtitibtaedariepdhneiploneethd n t he
system 300. The vapor-saver, 20 system 320 and the several options for
handl i ng the €02 frpé?ﬁs’tlrﬁ(??%?séuétcﬁ%%?roﬁo'l ine L10 are independent and
any may be el m natgdodfiemot hey 3 tRMHsaP Bihodle tel filer it Ble V06

purification units D2, D4, D5 may correspond to the purification unit
DL (i.e., lhay Taevennipnids) heheearethtontbof 4 Sisedincdnd\the enddifghé héxatiuoat, which

filtration, : ' ) sorptiop/,adsorption). -As a
alternative Pgﬂg{it%? ﬁla %g%ﬁéﬁyq%(gpﬁ %‘gﬁ? {fﬁﬁﬁﬁﬁ%sbe[i?o‘ fesf%? agHn- EW) or
nore of these capturdd ©@4manbe hemidied ifrayy bLthe ertbineRdcsRivkdabodche respecti ve
fl ow pat hs each ha\itemei1 '

E(J:eoarlr)g?eréiated that various valving and flow control apparatus in
addition to thait 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 ﬁay correspond‘ to the

: purification unit D1 (i.e., may use ahy of the methods listed above - distillation,

filtration, membrane separation, and absorption/adsorption). As an alternative to

25 the several purification units D2, D3, D4, DS, 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 caéing 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

-3.3_



extent through the shared purification unit and thereafter diverge.
Pressure chanber assenbly 30 Wth reference to Figures 8 and 9, the
pressur e wioasmess2assenbly 400 includes an upper casing 42@Tarsh2a4doowner
casing 430. Wien in a closed position as shown in Figure 8, the casings
420, 430 define a pressure chanber 410 therebetween and a sealing system
450 as descri b&BAMbErHdP e Whendn p closscpesition as shhen i8Fig®e 834 A3 5pposed

PCT/ US02/ 24004 135@@ I : ' lLosed pasition as. shown in Figure
8, a pair of oppo egggg‘lngérr%g %%9%{93? gﬂ%& %%aﬁﬁde f‘%‘ﬁ&o lpit separatioaioh g 420,
430 to linit sepdngtd20/d3s THeelangRsid0gan 82Qispthatd toIBweha iR A490Cap be

di splaced to al({/\ﬁew the casings 420, 430 to ge separated i ntd an open

posi tion as sh&WF JER2GEISGURS a8 open pysifion 3sshown imFigured. heat er assenbl y 460

i s disposedsin the chanber 410 and includes an upper guard heater 462 and
a lower guard heater 472. The guard heater assenbly 46.0 defines a hol ding
vol ume 411 between Guardbedters 462, 472. A 10 platen or chuck 510 is

e ettt mve

di sposed in the holding volunme 411 between the guard - heaters 462, 472 and
p g‘-‘gﬁjeh }13 9 ,

is adapted to suppo SR @7seBbh100r 18 disppssd infthachambertiliapdlincladess

between the guag 3haH hedb2462%0d 2 | 7219015, qunted in a

groove 464F the g%ﬂggf gua?d heat er a4§\¥§§%‘%¥%g§%%}e{pt %%aiglugr entF’iJi d through

nozzl es 192 ongsembly 448rdkfines asholding golbieotl1tbeenyual s healds T4 4925iAngs 420,

auitant e i ol PsH oF B Sl 8liossn S G5 Selilne tumadal bRty hemienasi ng
420. Passages Kdadhs 468282 aﬂ@%@d%ﬁt@d io%ﬁsé?rtH{éf@éﬂ??tf&%ﬁg%%ufﬁgerﬁéﬁ best

seen in Figure 9, the casing 420 has an annul ar ange an outer,
annul ar  r eces¥i9bEWe: thg guiddeaters BAN BefA spry inmenplzr 19035 mounesd ineal  wal |

425A. The casi I | an 434 wi th_an annu| ar groove
435 forned thegg%e.wﬁl%z&? Pgied%ﬂ%g}gﬁggﬂ%{ QP@&%RQ& tﬂggr?mﬁﬁﬂ&. OFg8 casi ngs
420 and 430 hawezkppd2 bng thawotkiay suatacd HRRF tHages 426 and 436,

respectively. Wth efer,enc%to Figures 10-12, the upper guard heater 462.
i ncl udes ar? i nt eri bi¢ fiemBef2U 430 ampreigraklst enshwaithrilygamesnd sainlessisteehr  si de

A outor Pl ai o 46T Coner s PARIE (FR0eRB, KRR op L BB i e
468 surrounds 429 Passages 432A, 432B, 432C are formed through the casing 430. As best
seen in Figure 9, the casing 420 has an annular flange 424 with an outer, annular
recess 425 formed therein and defined in part' by a vertical wall 425A. The casing
20 430 has an annular flange 434 with an annular groove 435 formed therein. The
| flange 434 has a vertical wall 434A. The casings 420 and 430 have opposing
annular abutment faces 426 and 436, respectively.
’- 1 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 466A is formed in the top wall 464A. An‘outer plate 467
covers the top wallj464A. 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 466E ’I
30  fluidly connects the passage 422B to the channel 466A. The outer plate 467 and
the wall 468 are sécured to the interior member 464 by welds 8, for example. The

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



wal | 464B and defines an annul ar surroundi ng channel 466B therewith. A
channel. 466C fluidly connects the channels 466A and 466B. An inlet 466D
in the towqu3ass27467 fluidly connects the passage 422A t edinesochaomel
466B, and an outlet 466E 30 fluidly connects the passage 422B to the
channel 466A. The outer plate 467 and the wall 468 ate secured to the

interior menbedsASATHY n¥@tdS 98 of HHRIspRXAERLS: 19 0 extends
t hrough an opening 467A in the outerp?a)gl ate 567hgﬁedﬁtlﬁggycroe %‘}?%étajt %. g., by

an upst r eam noPa¥seeedt226e rldwsteriar megberchod, the 4Gtdr plathé6T apl thaklrrddBi@g/ 023827
PCT/ US02/ 24004 The-nezzles 192 af. the sp menher 190 are fluidly
connected to t‘hwgﬂggg\grse égfegf%§éorﬁlﬁ%0$ﬁ%lglp%§teeieﬁégug%ea@h@m@bbe pl at e
467 and the susdcareddd bg caviak42068 saets PG BlA M r&f i steel .
The guard hgat er 462 may be secgr ed to thse acasi ntg)ﬁ%ggﬂb %%%%%4 ﬁ?g smal |

standoffs h Idﬂﬁqvat“ﬁe screws off of 5 the walls. Wth reference to Figures

13 and 14, the | oweyy; . i ncl.ydes . an interior nenber 478 and
an outer plate 474 'selglﬁeegelggg&rg["(ﬁ%séjv@ﬁ&g’ g‘,e lpgpr g"é‘%g tg 47AiCchisERi ng 479
ext ends .t hr oughn inkegiop tieatbeph 78 m&&ﬁoumrjfkt@a7w&méa&her%6a§ $&h€§ s, t hrough
the interior nenber 478. A spiral flow channel 476A is 10 forngd in the

i nterior menbefX3MPE- AR oPeRing 4 phedends e the outes plate €74, phdireopkithg f 1 ui dl y
connects the p ' 764, and out | et age 476C
fluidly connects t ‘eelg%??gggh ﬁ%ggt%?gﬂ?%b%l% &WZ@OX’ ﬁfmdr%&&h“t erior
menber 4781@&indforhed uthe intpl artreerdBet 448 eApibepaklge 476BMR theofudipaitslipss st eel
or ot her Smta)glldﬁﬁ netal . . The guar heﬁger 472 m;téy be secured to the casing
430 by 15 scre | PRISHRIE PRSERY tor{B¢ ehangek He A5 @péa oviet paBagehe wal | s.
Preferably, thegunsid;heahenstd Bssadd BRPOLORYE BadlifIeg FeRLIe - the
acin o} at ‘feast 0.2

"interior", inwardly g surfaces) to volune ratio o
cnR/ cnB. Mor e mpRbirel7digng the tiserquiate d7hempesfsrab B2forAd® o Lstainlehastes] ar sur f ace

area to vol ume t tween: about 0O and 5.0 cn®/cnB, .and npst
preferably of %tg%tf R%)b%mg%g'/ ?ﬁ%guaé 3&3@ 4(#&3&/5 SHCUTEVR heirEng A3hRY at ure of
the waf er Envisceswsmith halbstanddif holdkagine scrdhQ ok thbhi§afid Ui d(s) therein) is
preferably controlled during and between the cleaning and other process

steps. The tenper atPGF%rqu’tthfég‘Eﬁ%h’??é@fs 463 473 cadulrve al suefdcarsen@ et e guar d
e, et S MR B TG
466D, t hrough nréferablhyathectuarbiBters #62)4fh eddhchapa s sagece4b6Go olineiaho bhe
gg;stage 466A, ge%e%%%%o&tlb% grlljc} % .8tcmq}%?n@,i arh% Iffc?s? Ere%‘grgbl(gfuc}f é%cr)]lgt%l.] ?m}/?r% . passage
20 As discussed above, the temperature of the wafer environment (i.e., the |
chamber 410 and the fluid(s) therein) is preferably controlled during and between
the cleaning and other process steps. The témperaturé in the chamber 410 is
. controlled using the guard heater assembly 460. More particularly, a flow of
temperature control fluid is introduced through the passage 4224, through the inlet
125 opening 466D, through the channel 466B, through the passage 466C, through the
passage 466, through the outlet opening 466E émd out through the passage 422B.
In this manner, heat from the temperature control fluid is transferred to the guard
heater 462 to heat the guard heater 462 (when the fluid is hotter than the guard
heater 462) or, alternatively, heat from the guard heater 462 is absorbed and
30 removed by the fluid to cool the guard heater 462 (when the fluid is cooler than thé

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,



In this manner, heat fromthe tenperature control fluid is transferred to
the guard heater 462 to heat the guard heater 462 (when the fluid is
hotter thwo ahesggoard heater 462) or, alternatively, heatpdwusmtémesguard
heater 462 is absorbed and 30 renoved by the fluid to cool the guard heater
462 (when the fluid js, cooler than the guard heater 462). The | ower guard
heater 472 may UBeUghdas et Opering HE6B througle theshrmnaira 6 theyugh thesmRt at ur e

control fluid that 4R Er\?ﬁ ass 432A, -34 WO 03/023827
PCT/ US02/ 24004 ~ t r%"ou?g\r??ta{‘m&;&?n % ﬁ*%‘é%%%%?g‘g%?ee, t hrough the channel 476A,

through the outlet Thpenipegrtd6GulMhidsauehl/\eiRgs 24e 4325, The
I d, préP % a liquid.

tenperature coptr.ol .flyids may be any suitable flu era
Suitable fluid q‘i”ﬁ'cﬁﬁléeg?ﬁ?/\ﬁ’t“g? Incgidg yajsresthlynoglycelr ppetlyne giytolemixtues Xt Ur es

5 of water st @i | | | ycol . Dowtherm A (di phenyl
oxi de.ant di phomsr) bt Ror aes o BRPERY Bt hearsm Aaeran ot

hen
Mobi | t h Skeliphs wtheorh [E), (0-FHeklord ; j i phenyl ).
i | t her m (ar ewkdiplenpd) iBowtherh B ( BrommﬁienERnﬁlﬁéﬂaPBﬂ,ggwg_g%P enyl )

Most pref erabl re control fluids are a m xt ure of

the )
wat er and et he %ﬁqgf@l@%ﬁ?sﬁ}?—hﬁewmﬁ Rreehlasimated dipenply. Mgt praferaily,ehereans
such as an el et‘éinlpleﬁturegé’éin{]o'l Hegis QFe é%%k@%&%@%&%%&@%@%ﬂ%g&feg,fjggé,ﬁgf cool ed

by any suitable nmeans such as fluid chil
conpr essi on r efld fad araly b hegtpé bp anpwdpbleahédng staHS. anEMuGl ahdnRgaler

assenbl y e.casings. A420,. 430 e spaced apart to define an

i nsul at i ngﬁgagq%%&taﬁeé’r Zh@Méﬁa h%‘fooé‘ia&%@t ANtSERPlY maguesuspas fluldechiiear d

heaters 462, 4f62exaMpls opsigdr Chmpfdsyion ?é’fri'gé}%r?t#iaggr 9\%@0%%0'6‘ lg defined
] n ndi

bet ween the 15 outer plate 467 and the adj ace Surro r\{%t}ﬁaﬂ portions
of the casing 420 ai§ supiddicgicanisymblysi6l ani dichcasingAn 20,4301 a8d ipagedaRrrt4d 0B i S

defi ned bet : g i ] 468 and the adjacent wall of .the
c:s: 23 428 \zgﬁgd%ﬁgg&am\?mﬁgt?%%&! ‘P&ntﬁ?rﬁéﬁwg?q ﬁ@t s@’éﬁtaﬁt‘}"g §nyelgees the quasdt ween

t he outer pl atheadBH6anar2t Ndordjarivaiticly, SAinE@EHSH YA i . {
C. Preferably, each°%% 20 t he \E/‘%nhéaft)%sf‘g e,ntggand C

casi ng 43Q.and_has, a w, dt - )

is at Ieagts o.°fpeﬁﬁla?ﬁ\}€gr7éﬂgrté? SRy sureaBding wall pertiwrstdfishelcasing 420 dndC i s.
bet ween about fpsfdraBRGad Q width AN L 7 ut. 1.0 The
i nsul at'i ng gagq;z?(% %;/1 serve ‘?og&%gaé‘ﬁf%ff@‘% *c(fegiigéb?tﬁ@e‘gmﬁ ci ency,

control | abi | i tyreundingamall 4@t andi the adjhcentighid of thefcating 43y 54 MskOWidTNS.
thermally insulate the guard heaters

cont rol | gad]
s62. 472 Tr omHE 95 TR eB A IREA0H: Sipgheleronie oufar b gt end heracent

CEERE v e i
, . ¥y each of the widths A,
B and C is between about 0.1 and 10 mm, and most preferably about 1.0 mm.
The insulating gap 470 may serve to substantially increase the efﬁciency,
* controllability and manufacturing throughput of the system 10. The insulating gap

470 may substantially thermally insulate the guard heaters 462, 472 from the

N
o

casingé 420, 430 so that the effect of the temperatures of the caéings 420, 430 on
the atmosphere smounding 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 theﬁnal masses of the guard heaters
462, 472. Accordingly, the temperature of the process fluid may be controlled
30 such thatitis substantially different than that of the casings 420, 430.

While a fluid flow heaﬁng/cooling arrangement is illustrated and described
above, other means for heating/éooling the guard heaters 462, 472 may be

employed in addition to or in place of fluid heating. For example, electrical |

- -35-,



i nsul ation gap 470 may substantially limt the thermal mass that nust be
heated or cooled by the tenperature control fluids to the thernmal masses
of the gumoh3esszers 462, 472. Accordingly, the tenperat wa@/wdozrimes process
fluid may be controlled 30 such that it is substantially different than

t hat of the casi I’.lCtJS 420, 430. Wile a fluid flow heating/cooling
arrangenent i s 'THYRYEE callely Sarlgsianaioiradiate hebiodisectlptdite wigaN mal 6

heat i ng/ cool i ng,4hgqq Dead 4-472 may be enployed in addition to
or in place of F9erg e g Blsts Jeru fe, electrical 35.. WD 03/023827

PCT/ US02/ 24004  r esiVéitlarefeemeitd Biguee S, a slesiugng ot |88 t . directly
to the wafer) oyided in the gu%?d heaterbgré%g{ngg'?@.hg&lff%rdmc

Emé be . proy (51 (
reference to Figtifenaye embpiigentsof thaprrtsat investiorbis ghehODheatcoTld Nng  to

al ternati ves enbadinBBN{09 Ad; jAveption.is shown therein. The 5
assenbly 400A differs @#oérhﬂ%{%gmgﬁsggﬁ%%eﬁb%gﬁéﬂw W?Paﬁ tg%egﬁar d heater
assenbl y 460A membb'MGiOActhetﬁeﬁnélnéwiﬁidlmmgl1@%&5 371 U3 iﬁl@%cé 6‘%19% ace of the

i nsul ati ng gap. 470,. The ard heaters 462, 472 may be secure o the
insul ating | afsP@ing4ap 4/Ps Tk ieesrddieaterst62uf T2 mep be scbura thhiee inaslitigs 420,
430, respecti VRvis 4Thesmsnenbialh 473 bg,f or med of
crystalline fl ugrrgpol yners 10 é‘gédﬁﬁgeg:ﬁ%ééée(%Wﬁ?‘?}r“gpr‘iefﬂeﬁwﬁét hyl ene),

PTFE (pol yt et r af | uoteeinbylhtsrgdpyerod 71, BVE 2hdyitel fismhay bi Geai ﬁﬁ(ﬁgﬁ(g%s
Preferabl y;g thg | ggpb i: I ers. 471, 473 are fornmed of -bul k- -
virgin PTFE or gl ass- ? | FR@%Y %@. Byouostindencas T TRE (Reeteafluomethydéz@),may be

honey- conbed, PPEN (e itdlRiene GRuSNST M&&fﬁ@gg{ewﬁ% §gi5>g?fsc‘?ﬂ]; i‘gﬂred to

enhance the ingsul ating performance thereof, r 4Fd heat er
assenbl i es 460°TAEDA bille PABRtigin PEFBooglasefillee FPEEATHE 8Bulafing geRr essure

chanmber 410 rapgi t to 90 C.. Preferably, the guard heater

assenbl i es 460, A%A&gfg%g%%gtcg btgg’ %?FB\?F@QaThBéPthFB’WS?WSH? ®here in the
pressure chanbeniigaed &t emhaneexheringulathep&fortant&astep00 j oul es/ second. 20

Pressure q em The casi ngs 420, 430 which define the

anber seal I ng, syst
pressure c%anber 4%%6%32’5’ : ﬁ'@fﬂ“ﬁ’@ hpater pesemnblienk6 HA60A are Magiet e yidet t he
“interface frasmblienRses e LeLha ‘ to an .exterior region 7 (e.g.,
the ambi ent at m)f;phereS (di rrg%t I y%g%{l})%(]#roerg%l% }Cr.omﬁ(re%utz(g ééoa% Hg system 450
i s adapted t o Rrefstably the(guatd heatsr agsamblied 460) 4601€ afd 20p@f 16 hidhMeBbANG
the atmosphere in the pressure chamber 410 at a maximum rate of at leastVSOO
- joules/second.

20

Pressure chamber sealing system

~ The casings 420, 430 which definé the pressure chamber 410 also define a
* fluid leak path 3 (Figure 15) at fhe 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 ﬂénge 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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the fluid | eak path 3. As best seen in Figure 15, the sealing system 450
i ncludes an O-ring 452, an annular cup (or chevron) seal 454, an annul ar
spring 45&censd2z827annul ar  retaining ring 458. As di scussadTinesoers008 he
conbi nati on of the seals 452, 454 30 serves to inprove the effectiveness
and durability of the pr ssttﬁre chanber seal. The retaining ring 458 is
fixed to the fIRAYRS S&%egiﬂﬂj e deagrdt drbyding|shifablo uteaas, dbryexampi] thrédded f | ange
434 and bel ow tthe-f.acess 425. The retaining ring 458 may be formed of
stainless steel or other suitable material. The retaining ring 458 -36 WD

03/ 023827 PCT/ US02/ J460dp squby5his shewn ireighfest 10k 1@09@@%&1% Ay héidlf abl e
means, for exanple ﬁaded, fasteners. The cup seal 454 Is shown in

t hr
Figures 16 and™F#ns any ssltzcnsreized seqldlat havs eonsaverpemtion ang is®@hfigeeénghzed seal

that has a songayeyiarhd ' ' d such_5, 1t hat, when the concave
portion of the seal@sﬁigggaﬁedﬁ%%gg& Esyprgss'ﬁ?@ds{irg"zk&’oaprﬁﬁaﬁ%?éir on the

concave si de ofhanikeropdle) qontine sideadf thessehbpﬂheléév’aliiﬁﬂa@fe‘B?'hﬁtXmQﬂ?gx%HsruH% and
caused to exert A0, ou war d forc}e“@éig g.,, agai nst adj acént surfaces of a .
pressure vessald FEPTHOTE T AR 8 {pre (ergarasaint adjasenharfbss dfapmrsauseal |

The cup seal 45515531@@%@}% @y i 454B | aj,ned al an
annul ar fold 454C to an 10 %?}ul ar a@%ﬁ%’pﬂa\?\gr N5AR LT 'gtkfei‘?lﬁ’ﬁ@aqggl“annular

channel 454D t hehdenan arpidar dunsr el l454B doinad gloed ef altWariBid @uidy o or med of a
flexible regilj terhal,Prefecably, the cup seal 454 is fornmed of a
material that %@r&?aéso?% gv I%tséA ?&@Fﬁ?ﬂ%gﬁﬁ@l‘ggﬂ@éﬂ%@@é&%@iged to dense
CO2. Suitabl e naterThe cup $26l 45465 plcfgsll, nakad rs, such
as PTFE (Teflon(r), DuPonaté)z fi I,Fed 15yPTFE, yI%T ngao ?%g}segi;% anal ogs,

such as FEP (fPaGFiahdirelgrablyyhecive/sprl 98¢ ivfoemed ofomaneias jhat Feédicumt A, CTFE,
ot her highly s : ' . pol thylene), UHMAPE (ultra-high
mol ecul ar wei g%]vf’é@iﬁlg% %%al%gr’@)% &f%ﬂ%gggd B&%ngé gb@y%%%%%ﬁé’%,m‘aﬁ*ﬁede

pol yners, and franrinated pelyasdronmt dastaned, @sh BEPPFE I CeflofBy D%P%t)ﬁ]gﬂd |
Epi chl or ohysdrl oners. Sujtable seal materials canh be 20

- el as
obt ai ned from gﬁﬁ%ﬁgwpgfyggg and, gpalogs, such AUFER (fliRodiegetitytencSoaptytene

W ndsor, CT é Jer : red.to the flange 424 by
af fi xi ng at Ice)%gt l%glrfe%)' %ﬁ’?gﬁéwgm ﬁglflgpﬁaésnfsnﬁléﬁh Ral | 454B and the

fol d 454C to thedy(adykoenUHNGRE (itsa-high ndieculdrangght44/ (atgleas)) tHPEPYEL ai ni ng
ring 458. The zicgrh%rpo n|1<=!rs,4a?1%§é 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.,v 310 Nutmeg Road South, South Windsor,
CT06074.
The cup seal 454 may be secured to the flange 424 by afﬁﬁing 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 example. 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 (ie., radially
30 outwardly). Preferably, the spring 456 biases fhe cup seal 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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25 454C may be secured to the flange 424 using adhesive, for exanple.
Preferably, the cup seal 454 is retained by the retaining ring 458 w t hout
t he use oWwoamdhess2ve or the |ike. The spring 456 nmay be amCTsusotailoe spring
capabl e of repeatedly and reliably biasing the outer wall 454A away from

the i nner wall L. di_ad | 0 outwardly). Preferably, the sprin
456 Ibi ases the4gﬁgﬁ§é§gflﬁ%g§é %’f:ﬁ?flgﬁéglfy %MP%@%@%@IW@S&%%@%EW24 \R/nleng
the casings 426yring86ara tedprpalledofsaeyi thertp Ral 4557 & SA Vo &E&ﬁa;gri ng

456 is a wound wire spring,or a cantilever type spring having a
sinilar to, bublacsRfitheproyision ofithrespring 456athe 487 seah d5hemlydd fomsidde asle cup

seal -37 WO 5 Ih ring.456 is preferably
formed of spr ?h%v@éfk %ér%%{agﬁg%ééﬁéWaﬂﬁ'ﬁg4A’s§r4§?@aﬁsé\j?Fﬁ9v%e£? AR al |y
formed with t MS6ampy bearitéfand te Augdedli4sn nigy 1 prbide® WaGS109hnd 8 HRLOVI Si On

of the spring 456, the cup al ,.454 may be forned so as to ave an
i nherent bias to sp @a%‘r‘tnﬁé‘%?/éq figpopsd i theprgveddht Prafeuablyy the, O-ting 48pis ng 5

456 nmay be om : e -proyi.ded th,no i nherent
bi as. yThe 0- r%eﬁge%ggﬂfgrﬁvgggggg%ﬁrﬁgﬁ%ﬂg@%@vﬁf pnﬁﬂ%gé‘fﬂﬁ%f’ 2 the 0-ring

452 is secur edtformablecregiliontmatéBal. WRrefernblyntiey OienDe if FrmedRea®-ring is
formed of a dezf r mabl e r.%;i | i ent fn;_'%/éeri al . Preferably, the O-ring 452 is
formed of an B LEPSIFEPRLEratn MIF Rrefegpe thsyQoriag 488 ys foried of bunsg-m®? | s
formed of lounn@opreas, ah@ ntROPeRMbly BPEDPRS! f i Jhe,0-ring
452 is sized such that, V\:hgl%@ theyo-ri ng 4?25?srﬁl{%ztlgg%ﬁﬁ?g‘g%e%aswg?ne
(i.e., when tHBe Qg i dpits wdordedestats@pavateadhe @rmghigOr4309e a portion

of the 0-ring iy n hove th but face 436. \Wen the
casi ngs 420, fggégtr@%’ i ggsgey%,eg%’%émgﬁ%" %fgtg??)ll%ﬁgnl?& E’élg?’ﬂ? aboyefigen 15 the
fl anges 424 arshuth®ht fgcgd®wWn in Figures 8 and 15. The spring 456 biases the

wal | s 454A and 454§¥€Pfgai nst .the walls 434A and 425A, respectively. Wen the
chamber 410 is pres¥ifh thegasingsia0s 430 arpilosed, thy apsealedS4tik eapured betmeeexer t ed

in the channeghe dades et $, A and A454B _apari into tighter,

nmore seal i ng gengaﬁenéﬁﬁﬁs%%}h?ﬁe reznpg%tﬁf‘\}/s?%ﬁssBﬁl%ezwr‘&ﬁgggﬁ?ﬂ?s By I'n

this manner, t¥els d6pA spdiS4B dggins vhatwsllsad BiacAHdes250L kdMBEMIVEBAl Whidthe

prevents or suBst nt,i “aﬁ/ r educ thfﬁ}ff | ow of the fluid fromthe chanber
R 5975 i

410 to the OSPFRETAd griE VEihe arehbirnt paessurs, theipeesoure ienertedisn thes

thereby spar edharpel 5D fkdex tSARRO FH01 ALKROFNBEaaR A58 RRRS Sudl Wl SUch
protection of the O-rin ’ ©
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 damaging 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 ménufacturing system with relatively
long-lived seals.

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

30  loaded for sealing. Because the cup seal 454 serves as a primary seal, a secure
sealing arrangement may nonetheless be provided. However, in the event of a
partial or compl‘ete 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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452 may substantially extend the service |ife of the O-ring 452,
particularly where 25 the process fluid includes high pressure CQ2.

Accor di ngivp o3tohss2geal i ng system 450 nay provide for a hi gicrbsoeagiput

waf er manufacturing systemw th relatively long-lived seals. Notably, when

t he chanber 410 . s;.pressurized,,. t casjin 420, 430 may be separat.ed

somewhat by th%“‘%"rsmdt”g’reﬁgﬂ M%?é&‘é‘ﬁ%‘@dn%h‘%ﬁag@%ﬁ@u?h thgt ﬂnséj-risg A2 \ez\irléu 30

| oaded for” seadliongfluiBas pusaldnaehe AHdIOM pafdd w%%ﬁ\ﬂ‘?échg@g% %dmgﬁaggt lga[%ﬂll,’[ ha
) ver,

secure sealing arrangenment may nonet hel'ess be provi e
event of a pa¥ieckd RE¢SSUIS 9P tat Ehef Qriringrienatfpredserizadmandenl datfadingti6eeds i Ng 452

t f. t fluid to th
ovi T onmont - FAEYEEL COE) 1S3 Uil SUAHE p0ting B3 shisndmtnriodost tsos
enbodi ment $, t he aswaafbmemw@hfmacmn&@am%dat%uﬁ%ﬁm%%ﬁe%ﬁe%ma@ 452 wi |
en the c

aIIowquidtogas aI&n&,thefluidleak path 3 anber Dis at
at least a séb F@Eagﬁ BSLiGRess ebtheieup seahdSé will nupicalyretdipised(haeseand no

ext ondod peri ooty OHHE shiaBta6 SRE o el PR o Ehimpise - amghisgvant

at nospheri ¢ prtesOtnireg 452 may sauvg as thé erimes) deabodbRet bV2RERS Al t B cup seal

454 will typi cg,lal% be gi{gi.n'iﬁ;ﬂe&)( owever, the bias of the spring 456 may

provi de sone $&8F G ERAGRRdRE gham eﬁ4mﬂh§0‘$heth@ﬂuldlhécphtthgIoﬁeany,m serve
fhe. chanber 410 ¢ Broign CRaPRrLr ] SRy i 58P Re s pil BRE s i Shssopher ¢
fluid (typicaldGe aiothercompertntsyunduly hanafulito cle.Oleinaighegancent r at i ons of

CQ2 or other conpo s undul v .har nt to.the O-ring material. Preferably,

and as illustrat ed%{}%reabg'_-’ F"i“Jn%s lﬂ%séraé%laﬂ}er%'“élﬁﬂé%@%@gtarﬁaggﬁn@msta butirpe

arr angenent smyﬁeh&tang@naitlsduﬁgn@gqm@@ﬁ%}ﬁﬁorléhﬁ ole ?%rgé}%_.sgﬁgﬁmgguggsur e

ener gi zi ng nechanj sm of the cup seal al | ows arelatively,
| ow bi as 15 f GRE8IZIMgmethanispralilee apcealftidsdlonsfectss oft rélhgvdlpuenbiaon assi st

i n mnimnmzing [ rticles that may be detrinmental to
the wafer 5. '{'(;r\rg@(fzoﬁp sgé@ & 4%21?{%%5%%%%4%2%9{2‘5%“58“%‘1 BHECY BRIMEEgtRY in the
pressure changerrasseftahy parfioles thar mapbe defrirhdiRal 48 PheSHaALS5 4P HBYsehe

arranged in slﬂees gl orh% the fluid | eak Ci)_ath. From t he descri ption herein,
it will be apgr RS O8 FUERAISS PRENTeDPIPFRIE] trthe pressurg chamlper semimblndlaon
el astoneric Oof Bk SRR 1BV REE AR $naSHelad Leus associated  wth high
pressure sealing of COZCL?(;I di ng vea sgla?a?%ﬁﬁ%ﬁ?scﬁ??%/&ﬁﬁf‘ﬁg?ka ‘ :

el astoneri ¢ O-ri ngFeaatherdsscription persbmlit varbeay@ree i@l thhith® 86thbiaticH of a

el ast oner4 O : :
3¢ Yup 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
- establish a vacuum within the chamber. |
30

Wafer holding assembly

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

to further embodiments of the present invention is shown therein. The assembly
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rings are generally not Iong-lived when exposed to high-pressure CO2 and
then rapidly depressurized. Cup seals when used as pressure seals

typi cal | ywmoeapss27a 25 | arge pre-load spring to enabl e t hecasanmrensel for
vacuum servi ce. Such Iarge pre-load nmay cause greater friction and wear

and, thus, atiqn gi hg/ contam nating particles. In accordance
with the pr esghb 3’@ e f’3If“‘l"f’e°fn'~g? Q&F&ﬁé? frpa BIeFWi@CI??é‘}/beééSSé br 498 y
ener gi zed (co{grmé J&%bﬂ&lﬁbﬁ\’gﬁ%ﬂ%@%@&h}é& gwey% %t he

chanber . fer hol dlng assenbl y erence
vaf er hol di ng vell bebtigr @g@cxaaadcﬁmrd|t11rﬁgfollbwnfqdets¢rmuoemmecbvafanmﬁdm@ t he

t t th h nbl -3 03/ 023827
DT Us02! 2a0045eb Al R e e hafie? S Plia b Aok S2001# epiraL ur e
chanber asge n@étﬂm”cﬂ@@afef bh %lar ﬁ‘m@ﬁ BZPB? ﬁfe%ss@f ﬂ@gsmggfeﬂﬂal%g %xjafefl Rpyessure

chanber assenbly 40 As be er appreciated om t oW ng
descri ption, trmmwaqs@hehhung assenbly 520 includes a substrate hol der or

pl aten or chuck 52 0 t he wafer on huck 522
by means of a pr esﬁ?? H%&#%q@gta%%nttégﬁaﬁg?‘zan‘g@OPRﬂSH’tgiIS?'FSBTfIa ctﬁlck
522. The chuclphb2gy f@@sshawfnr él@ht) 0irhptier badtes 59)@' eREnPRARSADT F &R et ace
528. A plurality (as shown, ght) of inpeller vanes 529 extend rearwardly

fromthe rear SUI&ﬁefS&@@n@Q@l%{HﬁOW&’GEdéX With sesperirtel r pentral motaderpads EtE) a central

rotation is assages
526A ext e%g Sﬁ Er%ﬁgr)ougﬁlld}%qh%?cﬁaé&ﬁgggﬁfo EXSS% g‘% S?E%ex%e&dﬁ@ t

ci rcunf erenti ate chinelnfzgd frb26He taur BmﬂacelSIZSt&eci&élﬁMereSMélfdi‘aﬁn&%%Bﬁorﬁ{ew aI ity
(as shown, sixtee of &hagggl m% ygét end radially outwardly from and
fluidly conmuit Badongsyrface itypg Eowny gidseanal chapprelefes eviend)
channel s (not VB yeyal )| %m'él W‘E As shown in
Figure 19, thé%:]ﬁly(};ﬁ 5221}{%&@3&3& ed gg ?%\e/l%n H#E%h?\}i%ls ' rot ation

t her ewi t h aboutdditlmak atcamifenential shames-(Bot shewnhmag Moy Eac’ahensthe chameld, the

i mpel | er gﬁnei ?éQ tend to push or force the fluid between the rear surface
528 and e 6 cent, opposing surface 412 of the pressure chanber 410

radial |y outwar dl y A2Qhbwn i Bigdire ¢9thOasuck sLOVeHEAuMBE of UidBieP SN0 Yr Of the
chuck 522. A pressure differ ential is t her eby generated beneath the chuck
522 between t Fatigi@erepigiabaut 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
(ie., nearest the axis E-E) of.the chuck 522 and the outer region of the chuck.
More particularly, the pressure in the centrél 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. Asa 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 procéss 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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(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
t he presswoensass2he | ower openi ngs of the passages 526A) RCI/UB3”4a0han t he
pressure at the outer edges of 25 the chuck 522 and the pressure in the

hamb o he chugk 522.
Focult, a i puyeFeT el ol Mol ARPRRL i AU A Wl L o on

the top surfaaeldafg dshendbit80 déscebed bdlewpr essure of the fluid in the
channel s 526B, 526C.. I n the foregoing manner, the wafer 5 is secured to the

chuck 522 as the 30Vidnigtgenspdo Figures, 'Wé,féewaﬁrh@léingcsb’atbmcﬁﬂlancmdmgrtoto _
retain the wakey eﬁerﬂpo&l %n Gl pr %ﬁt ﬂ%xﬂ{on i a}'écwzr% a%'rug lbees g%lavio or during

process steps W |on Lnal

securenenty simghidese maddr hbtdmg mem’&larﬁowﬁ k¥ beRis6Y indfigee cPYECIRURB @MENT Al
means may include, for exanple, adhesive WO 03/ 023827

cla
PCT/ US02/ 24004 @ Bi&SR Chéﬁlbékﬁ%i?lﬁ 1 4p0G(Riguse n?g&@mep eorgfisporstingtoi the

foferance o Boo el hcABLUNMARIERY, b RER! LORE sREmRY 40 "
further enbodamrent shom\fn)I fibe pssemblyt 4008 ftuitlest préviddtomith b hesgabtic drfke system

551 5 includes a y@ hol di ng assenbly 550 and may be used in place of the
chuck 510 in?%°H re chanber assenbly 400C (Figure 23) otherw se

correspongg ng to the w1ll”b@%§t‘t€r%pﬁﬂ3@ﬁ¥é%rfrcﬁ§§fe”§8h¥\zﬁ%% egcfrgfnggﬁ t‘ﬁ%&%}% | certain

el ements of the assenbly 400C "are not sh ass s further
provi ded wit hh@ldmg‘ﬁmlﬂy 850 meludase eultsirgte3@0ier dOplasenwir Ichudkessnemtles'

appreci ated f e_fol g he vvafe hol di n assenbly 550
i ncl udes a su%és)@edqg reht%lfl&lg (ife%aﬁ;g%ﬁa&?i% n%e@‘és% gipressuredibfsiengiak o

retain the wab&iveén @ pidisure mlt-‘rié possgure e h A BES410fand i d&@%ﬂf@at@hfoﬁﬁét%w al

bet ween the pressure in the pressure chanber 410 an he pressure at an

out | et 564 Themaarptietdriye gystem 580 i adapid do devedesheck 32 rlativeta the chuck
552 rel at Rsdube H'aﬁmb@f Eﬁf%{tﬁoﬁQMﬁ%ﬁnyglre lbye,rtxg%lﬁ' r% gP ?elgg%lv'

dlrectly en el atively novin t he
casi ng 430) ¢lemeints Kndneely pyshett ﬁé()enldtHea:tasm@aSO)Naft%Hfbelagpxﬁgia&yl?dﬁz@mheﬁﬁ may

be used with ot rive a nd that the nmagnetic drlve assenbl y
580 may be us‘éfa‘he\‘}\}‘?ﬁm@tsﬁetfmvﬁg? 88 g idsiyg arrppgements and thatdhsragnet i ¢
drive assenbl mag&@icldﬁveaeaﬁnery SER ALY be &é%a AR eHD oéafexfzfi’mﬁ@rqnédﬁ%mgs anupper

housi ng 585 and | ower housi'ng 58 he upper end
Turning to the magnetic dr1ve 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 sealmg device such as a
gasket) The shaft 560 extends through the housmg 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
584. 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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upper housing 585 is received in the casing 430 such that a gas-tight seal
is provided therebetween (e.g., by neans of a suitable sealing device such
as a gaswWet(30232e shaft 560 extends through the housi ng 'PE83Usnd4a08
rotatably nmounted thereon by upper and | ower bearings 586 and 588. A seal

561 is positipned 25 petween the shaft 5 d. t he housi ng nenber 5. The
seal 561 is pﬁé\feéﬁaipﬁtﬁa\ﬁ'%ﬁ@t}%ﬁl& %F%gregq%, ngﬂn@?rgﬁﬂgm%gﬁ??r@ﬁép $380" 561

is a gap seal ax(&@%%ggér%foﬁﬁﬁ%’hﬁémbefjﬁﬂ BbRHerPfodaR %@siaem RerfoiiA RS bet ween
about 0.00 1 and 0.002 inchj or a labyrinth seal. The seal 561 may al so be

a lip seal orthat meghkstai thaluppadionsing member H3F frneghe preboireerant®041& nount ed

on the lower end of the s .560 30 for .rotation . th it h. and _has an

i nner magnet M mmﬁ ugﬂ%% 1sorB?1éntecg8n ﬁ\e&euspﬁg}e@gp; gé‘ﬁ\é\‘l‘l?%‘ihévreﬁgllﬂ nmagnet
carrier 59 i8gxlinapesasly hiltablRQirive ¥BVicOSithi 3G HRIREEll BB en InRbETHMEE Cap
596 surrounds the internal nmagnet carrier 590 and forns a gas-tight seal

(e.g., by neapwsfestbly anglecangadly daizen wajt dEhe ddveswnithS&sis apeyablk &2 jotakg 8h t he - 41
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t oget her for nseR Basodnt@ihin the sieifvadriof atatfdnuheewithhahe sR¢rmantesne: heldepper
housi ng nenber 585 fromthe pressure chanber 410. A drive unit 582 is

mount ed on t h&%hisispasediaibrhousiog meppher §84./at igmechagicglbpandafjuigy any

Ctabl . . . . :
or el orabl i) anPari SR AR g el der 300 o o YRR hafler TRE B0 & 1o
rotate a shapieshdecdphife. et exaisalimdgnet M2 ik ensinted omethbextern8dmagint ext er nal

magnet hol der 92_i.s. mount ed, on the shaft 594 for rotation therewith. The
ext er nal nagnE?lg?Fo?9&efPrroéaélé’nitger%l‘?”élbosed in the housing menber 584, but is

mechani cal |y and firyi dlyndtOvaenamas et £laniheniilcaiinaadpegngd hol der 590
and the pressure chanber 410 by the pressufe cap 596. Am external nagnet

M2 is nount edcorigutes texudythat theseaya magnetetablz coggled faoonerappther. ol thiser ewi t h.

Th ML and ey €l d d, and [ d
o such tHat  PRBG-1"e agre L el EORIEALE BBt aRpITC eyl s °

manner, the np@pRgdthoMer S9RarRiethy Brtdraliidhine€Rd1HY 390C AantheRdby }heGhafipb594 t he
external nmagnet holder 592 and the_ internal nagnet hol der 590, and thereby

the shaft 594andhg shafeSeh aFhusgbe chugk p22 mayebetptaied Bpopargipnnd thegirtitted by
operation of ive unit 582. The magnetic drive assenbly 580 may be
any suitable drive assenbly with

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 S56B. A passage 563 extends radially through the
shaft 560 and -ﬂuidly connects the passage 562 to the secondary chamber 565
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20 suitable nodifications as described herein. Suitable magnetic drive
assenblies include the BVMD 150, available fromB(err)chi AG of Uster,
Swi t zer | an 03M2820ver, ot her types of non-nmechanical |y caual/useg24douve
units may be used. As best seen in Figures 24 and 25, the chuck 552 has a

chuck 552, A profst pAyeSy BeJouE SRERRFES SR RoE bRt o Sl Sbbd y £ om
and fluidly commuvneat salMetd, 4 e mmaﬂ@bﬁﬁﬁlBsthhih@ﬁle%%we%?Wr enti al

channel s (not shown) may f] uidl connect the channel s 526A. shown in

Figure 23, thePastige khaspmvides dyitheqramupicatinn kerweasrihe pedssurs glamtiey 420 ut 558

for rotation wy about a rotational axis F-F. The shaft 30

560 has an axi abefBE%rgE%%éggﬁhecti ng passage 562 extendi ng therethrough.

The nut 5%8 has a A&mnttieal564pethehoesihdfiendkt Mﬂﬁiagi &nﬁ@c’f’fmlﬁisG@inH&? bet ween
I Ty

t he passage 562 and e passa 56B. A passage 563 extends radia
t hrough the s% GIS% a?@%i‘éﬁy@b‘}ﬁk&@vﬂﬁeﬁlbﬁ%é@@ fRédly connepfs a
secondary cha / 0 fined be en the
ousi ng 565 and | ke Riaree A0 R ar At Rl Eit0 e B AR S act
seal (e.g., a mapbsetirotdingarifwbyrantitiepdriialldosuiargnloe siIREE haballe F10av
passage that provides fluid co nj.cation between the pressure chanber 410
and the secor?gg?tfl‘ggorﬁ%lg? a§8§%d,&ﬁn68{1%@fv %_Brﬁthrﬂu%e‘g HoedingavisgBer 585
fluidly caonectabetvel SEaRNdanscts & AaTIRIsREeWd #z@géf%%g%cgﬂm r@n{;) f&fﬂk“l
r a st or

having a valve V30 fluidly connects a flow restri age
tank 568 to tH&eli4@e L40. The flow restrictor 566 may be a throttling

orifice or a suita i val v uch as a needle valv dapt ed
to provide a contr(tzf:hlgesgﬁﬁlr%% tl ngéﬁﬁb%\%df@é?z?lﬁ(}‘ﬂﬂ%manﬂerltPr?S-"‘E?lé‘e ‘?ﬁ% a 10
val ve V31 fl uitdthe chackn§32 sA prdskutieds proadisd af thd Qs (RAOSESehat is 18s MARUUM

e L40.. The system 551 nmay be used in the foll ow ng manner

punp) to the in ,

to secure the tg}@a?réi‘su? ofithe atmOSphge k1 the prespurp charmbared 10gnderdypideldrogess he
storage tark Lo s e. atmosphere in the
pressure charr‘ggif@dlE#ZSLIISSI ul?\"gjedrge%? §%%sgagg, tB% ggggé’%ﬁé’é@eﬁg%} £ % g}lr?g _ﬁmedgcrqnnﬁary

processi ng, t thambendéSValacesl infhnd commutibatiort With #ecandgs ank sbawhrRh 565 is
pl aced in fluid conmuni cat Loon‘vvi th the s _orage tank 568 which . serves as a
passi ve | ow pressifsd RS e W pregsure ﬁ%“fﬁﬁ‘rﬁ',’n SHPPe SYBPIEETOr Philie likg i j 5

enpl oyed 10 genplcyed td BneRit@8RYrsste of 64HMA): Ih thil HafindPRRG esslib & MEESSUr €

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
5, 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 ﬂﬁid from the secondary
chamber 565 to the storage tank 568, thereby providing a controlled leak. The

[Se)
wh -

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 éhaxnber 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 byp_assed such that

the line L41 vents directly to atmosphere when the valve V30 is opened.
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chanmber 565 (and, therefore, in the fluidly conmunicating channels 556A) is
| ess 20 than the pressure in the pressure chanber 410. A pressure

di f f er ent wa o3ie3s2her eby gener at ed between the upper surf aa/ozeieswaf er 5
and the backside of the wafer 5, causing the wafer 5 to be drawn down onto
the chuck 552 in the direction D. The flow restrictor 566 serves to limt
flow of fluid fromkthe peseisddile atologplivee 516 ptessitrh ehahinr d4e i thakarhé8,

t her eby provi dj %qh he .25 controlled |eak serves to
ensure a that d%ssu fli?stszlcd{e%%:tﬂegl!”]]p ?ngéent | %P-arsﬁfvéslgn’rpéesrs‘éreﬁi"brﬁ? e theplogefank waf. er
5 to hold it iS6Spdrakeanbithteitinogshbe the flufitike sk asviod pod gl byl g, the
pressure chanber 410. Preferably, the pressure ‘ofylt he stt%1 gggg'?{aa%%r}g% i's
greater than aeAueihepiessurgindaethambes§ps relsss thamthetresspreds therressfiret he
pressure chanmhgr 410 [ [ rocesses.. The storage tank 568
may pernit gas that 41?%53%%?6%%81{%& g‘%(rgglgts(ﬁrpéeSE‘Ffﬁﬁg&re%%a‘frBS €cl eaned
and recycl ed owafet hiehvhisevelitsthovaldef30 is &losed Aad thy Qhlve W319s shQade tank 568

may be omtted or ssed such that the line L41 vents directly to
at nosphere when t h%&g@’g@ PEGYSiE nié @perablego geneyyte @ PrGIBE 2V the

PCT/ US02/ 24004, f re in the pressyre.chanber
410 is the Sa%a%iel%%ﬁpﬁﬂ&?ﬁ? 'ﬁgﬁa{t’ﬁeﬁ Sg%ég{shg}r? Z}peg\?% eszree IB; %S Iggu{eo%a[ﬂbggsur e
source (i.e., 4lfearstimorageeferahly, b&B8enrbathS aattiDent legt nosphere), the fluid
transfer qgvi ce P20 may be operated to reduce the pressure in the chanber
565 to |l ess than the pressure in the pressure 5 chanber 410 to generate the
desi red anountRgthtiRs §Haymeerabdf erential across the wafer 5. In this event,
the valve V30 1s closed and the valve V31 is opened. Preferably, the
system 551 i s oper die ety mysther 19@andescubalateve as whk as deaprsisehb44 that is

ot orabl . T oS0acER dPAbel BRI SEME b8 Tl £ Seliver Sigess Shids Hsrter Tho.
spray nenber i@theasarfaessfithdedfenbbloeedsr, Wad dpr mkﬁ%eﬁ%@\)idé@ﬂf?ﬁfbﬁt d68_2’ 65|2
urds directly

descri bed.bel ow proyide di.spersed inlets to deliver process

to the suf ? ac étr?ﬁg“ Pﬁ@e?ﬁa‘?‘éﬁs g’W&W@ﬁteStM@hW@lyacmﬁensthp floid/ sheface

di stributed 15msinb8a8t0TnishESBahikyi ' rpor at.es. mechani cal action
fromthe fl ui d/gur%f ace i r?ph?ngerrentagﬁ%‘ial@eﬁ%%ﬁgr#ecrgfulg%qtggﬁm%en 8tally
the result of thehduidsmesm comiog out dithe Ispiagl nsdniteam comi ng out of the spray
menber . '

Design of the spray member (including, for ex‘ample, 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 thé 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. Th¢ spray member 602 includes a shaft portion 610
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Design of the spray nenber (including, for exanple, nunber, spacing and
sizes of spray ports) nmay be used to selectively control the use of the
ener gy 20wor@rnessr/ nechani cal action. Additionally, sinul troTecses/2embat i on
of the wafer may serve to generate shear (nonentum) between the fluid and

the waf er surfag@biOshapdd dibghufdcd L renoval of materials fromthe
surface. Wth referenégg%gﬁﬁ%@dfg%ﬂgﬁpr&%ﬁa PSRRERPd L cxleadsniipm an00D
according to MDPSriepenin Ambthr@ighfthd fetion 656 Bd FHARN R, m]

g asse ?aﬁ%}gimfcertai n

therein. The a I 2 00D may. be the sanme as th
aspects not shga\?\eﬁmt)pna\éﬁgaﬁé‘I‘Z@e%%o&lﬁ&ﬁ)i #ySeries of spRapptses2dextapfrohothet he

provision of apiseigt2do SR BWeFBIREE .V:.600. The enply 400D may
include a rpotatively driven waf er ho?%er ﬁ%@ﬁ%(PPQP%BOWFgﬁ&'S §PT&e hel d

stati onary.> ThEeESea§02mmanbe famed nbh i ghBOoxBativelestatsie thatirh s 2R s 96 t he
above-descri begaiﬂ[)???tgél? chanber assenblies. Notably, 30 the spray nenber

€ . . ,
assenbly 600 nay be used to provide relative rotation between a spray

menber and a waf er MWibehon 63081 WixEd Wekhih 4 ' er_hol der. The spray
menber assenbly 600_ingludes a spray ne é?ﬁégorl%7£§h’aelc§8‘nggﬁ§)m];itﬁatlﬂi gur es
27 and 28. The'¥8F&y2 Rethsdrcanupbitisrentivd dn ahafilarge@ibiteR 4628 of d WO

03/ 023827 PCT/M?%%/S%?Q{Ooﬂ»}le Bg'agin %50%52%2&??‘#3;'? E bution portion 620. An axi al

passage 612 ext roman upper fleeusbraring gsigftovernelhsor ti on 610

and fluidilp coreeting 630 may bt tmed of RTEAPE RRPERGE I ort Eog. 620. A
series of spr a%?ﬁo%%ﬁl’ 4 extend fromthe passégfgg%ﬁ%ﬁf’%ﬂ%te%egrw%ﬁgﬁs out er
edge of the di § 1 ‘portion 620. The spray 5 nenber 602 nmay be forned

of a highly oxidatimgl i C s, 316 ainless steel. A
bearing 630 is fi xeqonr ?%?’ﬁmgﬁﬁ%%%%@@ ﬁﬁt %%ea@agﬁ%@a@@smg@ﬁa@ a

flange 632 of QVAdYibeshe fiape602.i Anrad eay64D isReaRcpHha9eto RY LAR 443 A Of
the passage 4727 19&4?@@“(83#2%%& preferably a sleeve bearing as shown.
The 10 bearing G@Bt may” & 2f Cofangs BEo, forexsmmpey thieadingr Ridfarablihe
bearing 630 i she dndroap@40iorkik hessba i 612 extends through the
beari ng 630 and has_a flangeE?lafsS5 over| %ltndgg{wégp?eézﬁﬁ«ggéé‘g. An end cap 640

T ange. 615, | imes b Bl M L e T e SR DYOA ",
a gas pr essur gﬁ%p?%ﬁgps)g%ﬁcg\?\}a{t ﬂ'fe,fiﬁ)év 8§%rpﬁeés El?bfls éct@q&,&n@t@ aazp@sagg Sddapt ed
to receive a supplythofpagmpe6Es THetdd CEathues {10 Peassage 622 and is
' dispensed through the ports 624,
20 ) With reference to Figures 27 and 28, the ports 624 are angled with respecf

to the intended rotational axis N-N (see 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, and more preferably of between about 30 and 60. 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 méy be directly or

indirectly mechanically coupled to the drive unit (e.g., using a bearing/seal/drive
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supply Iine 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 i wo @iepensed t hrough the ports 624. 20 Wth ref errarmeesor4des gur es
27 and 28, the ports 624 are angled with respect to the intended

rotational axi&if i 0 . SPI er 602. Preferably,
the ports 624 aredgiﬁs@%%gg’?%?ﬁ n@%’l eewgﬁ’ﬁ?g%?%“@%@&:%&%@ﬁph%ut 0
and 85, and nofoecegprélectaimagnetic bemagretic ghpnndf, AadBQr inHlsidRit & P24 are
angl ed opposi tc%uhﬁ% digrecti OH gR (Fiogqt.%lrg 27) of intended rotation. 25 . In
use, the react{8R¥Lr SQTELL 3oL tRrePts 624 mycbecsriented paralle] toche sxisan (i . e. ,
the hydrauli copfiop™N-Ki on) causes the spray nenber 602 to rotate about the

axis NN \gthi n the bearing 630. Notably, because the bearing 630 is
mount ed i nter nal | y 4 sprag memier Afhadchaling pHuphesswidinadh ofhe Sfestie Pressur e

chamber 410 s nom__anbi.ent pressure by the end cap 640, the
bearing is nO%@Fgg}a&éﬁggge?g&qﬁﬁgﬁ?@wg mS@)éértﬁbzt%ﬁltW@ amyrafgleaur e dr op

t her eacr oss. Abtegoingtmodefioations bifeasletst TaR #g;n i cal riven
rotation, the @Bra menber 602 may Se coﬁ%ﬁ% tog%(éé?%gea%héo e spray

menber nmay be 4P 2BE £pyespendsith dhe wed memberttidi axatptyha b dhigedt he drive
unit (e.g., uss : } Lve.-45 WO 03/.023827 PCT/ US02/ 24004
o T A e e R iy oilorermed isgibutin ng

unit confi 8urat| on

coupl i ng 1Por pertionr6 78 eving anagaetdfepl pIRIBES FSmeaShdBRe e Of
Some or gl |. of the por@HBgﬁeﬁay&%g%ﬁ ent ed

i nduction-dri veng cogﬂ i ng%} 1

paral l el to tHREERPYS B+ mageamadifiad N 5 A spray menber 652 according to
further enbodi nent g ' ion.may.be used in place of the
spray nmenber 602 and@lg\l/i I{eh%g%%g%ﬁe‘}aﬁ}éggr%e%@? Hbveﬁ%‘?sf#éé%f&e{;%géﬂag?\éﬁ‘at ures.

The spray nenBet ass8fettedinghs hiafrhs that follow m&EE: aded 16050 ESRANS it e spray
di stribution portion 620 is replaced

menber 602 exgept Lh hg . bar cg aped .

with a plate- of o Sk-8 g’éﬁusa? 299vE yfithgReard to dretnrefsrred emhedimegtsa Fpat t er n
of spray pbrtsx fih¢ Aeghst rdredtRod tter t.h ray ports 674 may
be rmodified. | tﬁvy{nﬂ‘lel be apspr eci at eo?jlf?ﬁ}é?@@g%ivgaufgtgfa% ugﬁl r‘?&éﬁg%#ﬁ’eg
descri bed herIé’iM%B‘J‘értyaﬁ’ijOfaﬁslbﬂéqWSem@ueritmpetshﬁpwoakm (4. habrob@ksésawt may be

used for procgss e hase.specifically discussed above with
regard to the pr%?ﬂég?(?gd&e&] ogfarl?‘;e?%)[lsqn)’FE € §4°P, YLy syfiem 388 aad had net hods

for hol di ng  aswbaystems themof tniag foe nBad iR PR and processes using CO,-
containing process fluids, such as chemical mechanical planarization (CMP)
20  systems employing CO,.

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 wﬂl 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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to hold other types of substrates, in other types of processes (e.g.,
processes not involving CO2 or wafer fabrication). The supply/recovery
syst em 30Wcensd2sd2e  subsystens thereof may be used in ot heCsysem4 and
processes using C02- containing process fluids, such as chem cal nechani cal

pl anari zati on TEMR) W2ACEyVStEENgEP/QYi ng C02 The foregoing is illustrative
of the present invention and is not to be construed as |imting thereof..

Al t hough a few exenplary enbodi ments of this invention have been
described, those skjlled,in the @arnté will readily appreciate that many

modi fications are possi B GHIT ARARRT AxTembly Sxpersesting & swistriteuthenat er | al |y
25 departing fpromutdwanbiielssdig Boiigfisiapd advantages of this invention.
Accordingly, all such nodifications are intended to be included within the
scope of this inventiom) Thermseskes, vessel defiting bneemuwkea?m@&etchahbérhe

foregoing is illustrati of t [ nt..inveption and is not to be
construed as linited to\{)?he 5&2‘5??*1%@%&&% i@ theypressuse elhpmbendnd hat
modi fications to thdaptednl atétheaubagigrents, as wel |l as other 30

embodi nents, are intended to be incl'uded within the scope of the invention.
-46 WD 03/ 023827 PCT/ USG62/ 24@0Uive 7pismbly-pieielilStoGn Al dD shiiitrale hod@r @ssure
chanber assenbly f%v%%@ﬁ%@jiﬂglxiﬁi gubstrate, the pressure chanber assenbly
conprising: a) a pressure vessel J&f i ni ng an encl osed pressure chanber; b)

a substrate hol der di sposed nrfirsthieivemessher eonleerles tnelb t?%@ hol d
the substrate; c) a drive assenpl V(F!;)tgerabl e to nove the Ssu sit?élg%efgﬂol der,

y ]
the drive assenbly incPPIFRGt aerEvparelative/ie thepisssurcvesselct ed to t he

substrate holder for novenegptedohgEEw jye. to t ressure, vessel; a
second drive menber fluidly isolat ggl%%%rl}ﬁ%hgh#dﬁ??I%Eﬁdirﬁé’eﬂﬁeﬁfﬁte‘ﬁ“%d t he
pressure chanber; and amgmbgeandthe pogseuralbhambes; apve t he second drive
menber, wherein the drive upiit. is fluidly isolated fromthe first drive

y
menmber and the pressure chafBHYe UG APSIAbIe taymoxe thersacand; drive mesmesr, | s
non- mechani cal Iy coupl etleretn thberifé fisit isHiiNS {SBRA0E RoSUED £iat, L he drive

unit can nove rive 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.

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 mounted on the first drive member;

a second magnet mounted on the second drive member adjacent and

spaced apart from the first magnet: and

a housing interposed between the first and second magnets such that

the first and second magnets are mutually fluidly isolated thereby.

4, The pressure chamber assembly of Claim 1 wherein:
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t he substrate holder via the first and second drive nenbers. 2. The
pressure chanber assenbly of Caim1l1 wherein the second drive nenber is
magnet i caoyosmasgalied to the first drive nenber. 3. The praxgure2cimwber
assenbly of daim2 including: a first nmagnet nounted on the first drive
menber; a second magnet (i ve nmenber .adj acent and
spaced apart fromthe fiFﬂgﬁggﬁﬁﬁbﬁ@n@agsgyﬂ%uéqgrénpwgér%g'gi@ﬁ%? en the
first and second nmagibithe passhre feasel anddefiingh sedddaechadbaagAgis are
mutual Iy fluidly isolated.therggg. 4. The pressure chanber assenbly of
Claim1 wherein: - FFRG RS hepeaspusshrmberoand t he drive assenbly

i ncl udes a housi ng form g fRstidkit i |- WM, .0t ressure vessel -and
defining a secondary chanbef?Stid!rrll%%%&p%o%ﬁ?mtﬁgﬁﬁgmsi%ﬁn aﬁécﬁ 1t§e§ure
chanber; and the fiamskthes¢opad dEnbeember ididisposeibuniddiihe sédoadsgecandpsy cumber
and the second drive nenber is disposed outside the secondary chanber. 5.
The pressure chanber assenbly of Claim4 wherein the first drive nenber

i ncludes a shaft cofinect €k presstfrechatd : i senbl y
further includes a bearing ?nterposedgiﬁfaggﬁqggg sﬁag?&gﬁﬂﬂ%ﬁé&ﬁgﬁging. 6.
The pressure cRERBeTngydesbalt gpngctadrio thevsibsteita holder aiithedrivsseshbly i S

operable, tor . r.relative_.to the pressure vessel.
7. A pressure fghg&nﬁre@ngesi&e@rﬁ)%%g ;ng?ngéreg@g%eﬁ %S}?@tfélfjrtge( bousige  pressure
chanber assenbly conprising: a) a pressure vessel defining an encl osed
pressure chanber; ) a substrate hol der disposed in the pressure chanber
and adapted to hol® the S¥Spgrchamberpsegmbly 1wh Girimi Lwhereinshadseabl y
operable to : ' t t.0.t he pressure vessel. 8.
A pressure c ggd\é%éémgéiﬁ%%@ﬁoggta%g glgasslﬁﬁtlﬁ%é)has{eg Eptive 8 ,ﬂ?et Wgssuffr"ﬁ%qiv e
chanber assenbly conprising:. a) a pressure vessel defining an encl osed

pressure chanber a an, exteriar ening. in fluid communication with the
pressure chanber; Bf a SuBETTUE &‘ﬁ&é?se’a‘ibmEEPCPWIQ%SW@@S,@@ chanber

and , pressure chamber assembly comprising:
a) a pressure vessel defining an enclosed pressure chamber;
b) a substrate holder disposed in the pressure chamber and

adapted to hold the substrate; and

c) a magnetic drive assembly operable to move the substrate

holder relative to the pressure vessel.

8. A pressure chamber assembly for processing a substrate, the
pressure chamber assembly comprising: |

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

b) a substrate holder disposed in the préssure chamber and
adapted to hold the substrate; and

c) a drive assembly operable to move the substrate holder

" relative to the pressure vessel, the drive assembly including a housing

covering the exterior opening of the pressure chamber so as to seal the

exterior opening.

-48 -



adapted to hold the substrate; and c) a drive assenbly operable to nove the
substrate holder relative to the pressure vessel, the drive assenbly

i ncl udi ngwa d3pass2mg covering the exterior opening of the pETRE®ORE0chanber
so as to seal the .exterior opening. - 48 WO 03/023827 PCT/ US02/ 24004 9.
The pressure chanber assenbly of Clajm8 wherein the drive assenbly

i ncludes a drive n&nber s@&?tpé tisGhembesagsemtie o Claimi Sowherpiarthedriend

connected to tab@n?dl'?ﬁk[@‘é?a Hﬂbgﬁfembérdf&tending through the exterior opening and

connected to the substrate holder.
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