WO 03/ 023826 PCT/ US02/ 24003 METHODS AND APPARATUS FOR HOLDI NG A SUBSTRATE
IN A PRESSURE CHAMBER Field of the Invention The present invention rel ates
t o net hodwoeesth2agapar at us for holding a substrate in a praexsuseimseber. 5
Background of the Invention Integrated circuits (1Cs), optoelectronic
devices, m cronechani cal devices and other precision fabrications are
comonly fornmed using thin filnms 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 semnm conductor wafers incl udi Bgf[? thtgréoggot or e5| st Iayer may be
applied to the sem condMETHORY &P@WT Nedoved.

Cont am nants renoved fro tu I@gﬂgﬁ oni c substrat es
after various manufactur |ngn€]ﬁ§ eps]%ﬁeAi) ostT-1 I:érrpl ant, "~ back end

of the line" (BECL) cleans, "front end of the I|ne (FEQL) cleans, and
post chem cal 15 nmechani cal pl anarization (CW) steps) vary in nature and
conposition dramatically. Accordingly, cleaning and treating steps nust
address these contanm nants with wh§3 3PBARYE denchem stries and sol vents
to either react with, ionize, di i sperse, emulsify, or
vapori ze them f rorrﬂ‘hétprasmibstveahm relaes tsmmﬂthods amdlaplmrytumforwatcbmg and

sol vent - based systens, and dr eani ng processes 20 have been devel oped to
address the bF@%Ha@éPFQf?SLB?C%é&ee materials.. Summary of the Invention
According to nethod enbodi nents of the pr esent invent | on, a nethod for
cleaning a mcroel ectronic substrate includes placing the substrate in a
pressure 25 chanber. A proces3BdckarejmidneflthdInyendionse phase CX2 is

circul ated through,the ¢ t he ocess. fluid co cts t he
Substr at e The. praltir Bl AERER RS b el BLAREaickinielaS o 1

cyclical ly modid afhefipidtision Gabaicafi@dsite on@bhlydomadd ds tﬁ.{rﬁﬂﬂn@f glictsl ating
the process fluid. According to further nethod enbodi nents o the pr esent

i nventi on, a Syhstraiss Aopagpklaifayication EtoeeﬂSelétSerFﬁn@esmerwmeém\mnudes
pl aci ng the %g%ﬁﬁ E%Bﬁmh’br o?ﬂ@&ﬁ%%ﬂ&%&ﬂ%@s%suﬁepﬁ&c%pié, H fle! nCl uding
dense phase I STspray e ont e '

.10 manufacture of semlconductor wafers including ICs, a thin photoresist layer may

v

be applied to the semiconductor substrate and subsequently removed.
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
contaminants with the appropriate chemistries and solvents to either react with,
ionize, dissolve, stvell, disperse, emulsify, or vaporize them from the substrate. As
such, a variety of water end 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
cleaning a microelectronic substrate includes placing the substrate in a pressure
25  chamber. A process fluid including dense phase CO; is circulated through the
chamber such that the process fluid contacts the substrate. The phase of the CO, is
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substrate in a chanber. The phase of the CO2 is cyclically nodul ated during
at least a portion of the step of spraying the process fluid. According to
further matdhasch2eszbodi ments of the present invention, a maddsokaro08l eani ng
a mcroelectroni ¢ substrate includes providing the substrate in. 10 a
pressure chants¥elicadpimadylated duripe stleas arpogiien ofibt sidp nfcidaiatiogthapwce®s? such
that the subsgﬂ?&e is exposed to the CO2. The phase of the C02 is
cyclically nmodulated by alternating CO2 mass flow between a supply of CQ2
and the chanmber andiccbelingetefurties nedtieodsmibaidests bOie prssUneentionr£e. - The
Supply of CO2 is (gdt a gi her .pressure than the chanber and the | ow
pressure sour &eethed fore P“g"P%l%tEﬁ‘réc sypshateiucludes plasinedhe substreteinkng t o

further netho i S s t] . r..cl eani ng
a mcroel egct r %ﬁﬁg:{mg(& e??l?%'t eA rﬁ%#ggg{sﬁ%ﬁgg}ngg% ?%eé hg%%g?? és{%}%%gg&%&%ssur e
chamber. A pr cubsmite ihaictiamberl T phasterfsiee POatecychithllysnodullatatidedty dtnt o t he

chanber such ha% th 8’?? ess fl.uid contacts the substrate to thereby clean
the 20 substr e(aé_ag\oxﬁ £t B Stsp of pryaping of§s§t¥id- s removed from the

chanmber. The porti Q@coingtthFudie? sRusod dntbdidh ' ks t he
chanber .- Accordi ng tgof urgt her met hod enbodi rrglﬁ% §f%‘?t’°ﬁ%‘g"‘{g‘§%§'&1§{‘=qi nventi on,

a method for methahfongleaning & mierbelettramé substrits inchtdes profidide thepubstiasgint he
substrate;jn a ressure, chanber. A process,fluyid inpcludin ens hase CO2
T poatloq R S Rae MRS AbRROF RN inshiia dBet Thre s Goth Bk ot he
substrate to thesubhyatelseRPose & theBS, MEHeShade GXARS £OH i@éycli?z?ly%@&ﬁé@df lui d

is renoved fromthe chanber. The portion of the process Ui d, renoved

fromthe chanb¥pltemaingeOr mass Ao belysen asurptp of COoandtheshamberpadent s of t he

Aecoraing Lo PireRaReaend ldiah B Suk SRR Y aul] & GOSHA AR ot nod

for cleaning aresbure dehelod chamber sudthe iaw prebsiet sslece 8 healivrg plestubBidnate in a
process cggnb% Si a process fluid including CO2. The used process fluid
is WO 03/0238 C%@FB 02/ 24003 renoved fromthe process chanber. CQ2 is

separated. from theusatheRs ﬁfﬁﬁﬂeﬂigd%boﬁ%erﬁ?%%gbﬁgﬁrg%ehﬁ%%usEd in the

process chanmber or a further process chanber. 0 envodi nents of
the present i meghod foncleaningpmicratlesirongy subktezta inviudes placingehesibsate in a

substrate includes . r,essyre cha r._an ans for ci.rculating a

process fl ui d?relgsn‘%? %&q%h r‘dg‘%‘éceﬁ%g‘glg "&%é‘gf‘ggﬁ‘ﬁﬁﬁi? Wecéhléﬁ’b%‘?‘{%ﬂ%wgo that the

process fl ui dtieahbmbSsuth thabthe PrdcRbLiluidRE6nB 0N MAulsirdidid BEEhy BRhyERS NMeans
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 includes placing the substrate in a
pressure chamber. A process fluid ~ii1c1}iding dense phase CO; is introduced 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 ﬂﬁid. 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 uswioons/ebseeni ng a m croel ectroni ¢ substrate using a@qwussess008! ui d

i ncl udi ng denseenghvag 1&1002 i ngl udes (3 pressure chanber. A spray nenber
is operative to &pr %qnh © BHP5E Flti GOt sPEmied Jtame theased process dluchanber .
The appar atus THE bdparatédCOY A8SuseABRMS Jr¥lesCHE dul ating, t he phase
of the CO2. Accordéiyralg to e?rbodisr?e_nts g;r t he pre%gh%gf%gjgﬁ]ﬁo&?‘??%mpgﬁfpar at us
for, cleaning a m éceutingtte embedimebistaf dieepriesent Uﬂ/@ﬁti@l,@ﬁ@%ﬁbﬂtgs fhamber
containing a 1 . fluid i.ncludin ense phase CO2, supply of CO2 is
fluidly connecta eg gsrgcrtoﬁgc%%’é%ﬂg’rsﬁat?%ﬁ%%ﬁﬁIR’ie%ﬁre@@mb@T aafl means fiver
pressure than tiklabamnbcesOMluldaneRiias abke 1ha | L dl onnectable to
t he chanber. The | ow pressure sour ceéi S _atpﬁagi’lrg9 ?ﬁ%‘;%l;{é%?%ﬁ?%ﬁu%he
chanber. FI ui dthebihe Pecesreilnid éentagtethesubsitatee Theoappprdniscatthat inadedss aint he

phase of the | ternatj ng C02 20 pass fl ow between the
supply of Cozﬁgi dt%@ﬁ%%%@“%@bwﬁt %gﬁﬁﬁ?ﬁﬁﬁ‘dlséﬁ@gtcﬁféﬂa@@- pressure
source. According tAcertingitoBithsr @hbddi@es 88 Sl nrbddU el (atus for
cleaning a m S@ggﬂgec,troni,c substrate includes aprpr e?ggérgﬁgh%pnﬁ&gﬁd a

supply of a duing pRigroelfeirenis ApstraigsisingteaprecSolutd intlditing denveastiagd t o
the chamber andobashart ueriae Mabe, AN ReBhilihaprivesmy b, The
Charber 0F 2 Fuceher. chamber - Aceor g FoaoThs B aRohab il 11 0 e
?nve‘nti on, an ‘8%%’5?%%%%5%@&%5&%% ef 8811 r oni ¢ subst rgt e includes
e 0cess wonanber deeionik QeboilinfiiO6RDE phdhinl AN U\ 0OR, 00 eans for

3
renmovi ng used process flurd fromthe. process cha % at us
further i ncl udéeaningaaicreslcampiorsubitrate BCRAEs @ presire chimehbr PomgiARS 4 | Ui d and

by ocess e ambdreRPabipaRRRL BRE obe OO, GubS SE20- ithidhopnamtde |
According to eottedihambes Te supslyRf €EBRS af ﬂ’ﬁgﬁél‘éﬁ?@ss m%%@%ﬁagﬁtpe% er
S Stra

assenbly for gse with a substrate includes a vessel and a su e hol der.
The vessel defyRESSEe puRs i fluidty comngstablestodhé cheadeherh@be bw mtattoonal  axi s

and includes gh# R0t ARGoW es...the fr surface i s adapted
to support the 5 s_tfbst rat g‘?ﬁrﬁmﬁ%gg%ﬁhggféirﬁgﬁeﬁha? C9’étﬁ‘§%t§§€‘f’%sr?d§ opeabliar di y
fromthe rear teeycdligeldy avodulate the phase of the CO; in the chamber by alternating CO,

20  mass flow between the supply of CO, and the chamber and between the chamber

and the low pressure source.

According to embodiments of the present invention, an apparatus for
cleaning a microelectronic substrate includes a pressure chamber 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 aﬁparatus 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 ewooostokgs2s ubst rat e hol der when the substrate hol deaT/v®2naat ed
about the rotational axis. Preferably, the process chanber assenbly

i ncl udes a pl ur al i Ascooding teeernplinbrts of thegsesentt iemelitiog, 4 frocesarchaniodry from t he

rear surface and radially.wth.respect to the rotational i.s. . According
to further en@Bﬁ%%?rsuSS%“mﬁs%Ftéég H’t(’hfdﬁ%% HF?SS#ﬁnde? Sélgﬁtﬁf? E{ﬁger. H¥der for
use with a suRsid abfnddachambel AHeQNBtrathaldéMas hybthiichal his hhdgRnieont and

rear opposed surfaces. The front surface is adapted to support the
substrate. Atfrontand reapappdsag sifases. Brrelrenttsuriaes is edapted ol sypporbtiet he rear

surface a radially.w 15.respect _to.the rotatiopal axis. The inpeller
vane i opor appuEy Al obp ihARE Yind Sl rdPb Rk i BEIG wiBEoaHb a ¢ ne
substrate to fabills vhstregee: tohdertativhand errubptlat@ne RAlmefive & r ot at ed
about the rotational axis. Preferab}!@%:i the substrate hol der includes a

plurality of gmerajempiessure diffqentiahierding tocholé thesubsiraje fortbastlistatedaldesur f ace
and radially_t t tati I .0 Accordi to met hod
enbodi nment s o?]y‘\%nh e %‘?%ggfré\tholi&r%\rlgeﬂtg faée;a, a%éhﬁt@?ko&%ﬁf#r%} a’ag'oﬁléle(t%?r lgy’gﬂgubst rate
hol der about protess elidntied hssaiibly includerteslulioy bHithe gmpelad hahdsakendiagl der. The

substrat e hol der ipcludes front and rea pposed surfaces. The front

surface |9 adsprwaly from s srar sirfaceng adial letifeslpé‘%‘P thefetatiapad aKisr vane
t end dl : : i it t toth
extends —rearwardl Xodor@f I hEAmRINHaRe oPME rthablohdth! fiisopgct Lo the

rotational axis. 25 T . I's rotated about” the rotational
axi s such t hatolddndor usp etither subainae hgemmitaions! axipareistarther idelhferfentt aad t endi ng

to hold th bstrate to.th trate holder. Accordi nbodi ment's of
Lhe present THOCHPRU SEaisPe Jo R L Rirss P AR PP e bR nks
substrate i ncleafl8fic BnpBieSPdnedREnds FedRFArAIF RO et 3OF8S SRIMRLMILy Wag Vessel

defi nes asﬁressure chanber. The substrate hol der assenbly includes a
subst r at el hol igepecitiodhomsational axie Hredswalle venaifenerativaéo gerssate apeshiue der

including a fj¥. surfae t..bh bstrate. .an ousi ng
defining-a s%g%agéi#@ﬁﬁa%%gﬁéﬁg Sflgsast&g(rﬁ%e Scugoﬁt%aet%ﬁ?@ “6&%%%8‘9%3%8 i des
fluid -4 WO Ol 38edtatE dboubthe reiioml agionPraitrably| 8 shiedtwestivldd endhidest
surface of the lslégts}%&atge hol der and t he secondary_ chanber. The connecti ng

passage is adap & IpRRHSE ¥apep gxie ng RssvRdheTomehe reepgirigpaid ate i s
mount ed on t%digly%ﬁhﬁggg%&qgﬂgrogmgﬁ%gg rate holder. A passive |ow

pressure source IS y connected to the 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

secoﬁdary chamber. At least one connecting passage 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 awxesikys26 The vessel defines a pressure chanber. TH@E/GWLRIWAL €

hol der assenbl i ncl ydes a substpate hol der disposed in the pressure
chanber, the s%/fﬁ’%‘f‘}”&f’%mﬂ tregen @%)%PW#QC%OﬁfhﬁmbS?@iﬁfhabbr anthibt setondarguppor t
the substrate, clhaffhe? TS Tl 59; c r hapber. A restrictive
passage provides fluid conmmuni Eg’th%yg% Ega{l 8%?0 ?eﬂée!)%ﬁ e&ﬁ”é’&ﬂ%s@ﬁgﬁﬁ ®Bnd t he
secondary chanthesubshetelismeuntoden tterent siufacens SEOGDHstrAtE AYIdIESA fohdtivd 1ow

conmmuni cati on ween the fraont surface of the substrate holdéer and the
secondary charﬁgérs%sﬁld”m#‘élg&%n%%é%ﬁe secondpsp chambes. be covered by the
substrate $hen the sedosdifitofultBe BMHYIETeRE tosurface of the
substrate hol der. 15 A Io%lv pressur e sou?ceof@gipﬁﬁ'? VRS RSRTEF o t he

secondary c harﬁbémbewfmldy ﬁ[g use \Afiﬂnmigsmmmgas’eﬁﬁl drides RbSEREholder

I nvention, a (0] | a substrate.to supstrate olader 1n a

pressure ¢ hanbr%%%%'l g%eegélf)?lg\?ﬁ%fsr‘?gprgssuﬁ bt e5 strate heldenaseamshly e

chanber. A suliatiuddse sSbitehes halseehdoved @ (RS Hrdk ik YA bstrate
‘ﬁeéé %ﬁ%%l% rat é%ﬂéﬁ%srat%oﬁ%ﬁ’él udi ng

hol der di sposed in the pressure chanber, t e
a front surfadBcludiagadignt griage pdapted theuppantthe atlstraten dndia hewsrigndefideid a0i ng a

d h t t . ides fluid \
Communi cat fon Barseas B AREER0P B b PR o irion belinan  ne

secondary chahbpressufthchamibbsiridathe sécondmyichadb&n Alt W@asﬁé&i?ﬁéohﬁéd&mg gﬁ%ﬁée such
vers the connecting passage. A second pressure is

that the-substrate. . ¢
provided in t Wé°V§§%MFWE@G@WeW&@ frogt § of thiasubstreteftiolder apd essur e

using a passi ‘i dee¥hdarPSaHbHRr, SPIY LOG 19 fuyrther method
enbodi nents of the présent irnvent(icoglrl},ec a%%%né%ﬁé;%%teﬁ&g‘??@’eﬁed&m??rate to
a substrate heWeréetc whea the sbstate ivhantied oh thel fuste Surfe@Fits Bstatf héiats.

pressure ik the pressure chanber... A substrate hol der assenbly is provi ded
i ncl udi ngﬁg s CHPT BSOS lﬁjﬁ‘é‘ﬂ%@an??‘ie Wég‘f)ﬁ@%@ﬁf@ chambiser, the 30

substrate hol der i Aetordingdo enetticAmBodihatsopda B(}:ﬁgnttiﬁve%‘ﬁgﬂ,oe{ ﬁl{%fé’x?% for,

substrat e, ang%@ housi ng defining a secondary anber. res
passage provi 173 3 fulstraia et substaate daldseineemrssuteechpnbesinchdehpabiingnd t he

secondary cha : ctin S e provjdes fluid
communi cat i onﬁ%gi)\r/\eéé%e {ILtggﬁegﬁﬁ&%?Oélsﬁ%ﬁ%%%ﬁ% %3‘??2 Iy Apprevidedr f ace of
the substr at eirfebiditgya substrath Roldecdisstaed inctha BRSSure TRENSHOSE EdsRateholdgpunt ed

on the s trat ﬁ‘&k&%lragéérﬁ;u ?@t%g&é%@ﬁ%%@é&;ver s the connecting
passage. A se pcady hobsing defitihgt i s
| ower secondary chamber. At least one connecting passage prévides fluid
communication between the front surface of the substrate holder and the secondary
chamber. The substrate is mounted on the substrate holder such that the-substrate. -
covers the connecting passage. A second pressure is provided in the secondal;y‘ |
. 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 includés
providing a first pressure in the pressure chamber. A substrate holder assembly is
provided including a substrate holder disposed in the pressure chamber, the
30  substrate holder including a front surface adapted to support the substrate, and a
‘housing defining a secondary chamber. A restrictive passage provides fluid
communication between the pressure chamber and the secondary chamber. At

least one connecting passage provides fluid communication between the front
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than the first pressure. 5 According to enbodi nents of the present

i nvention, a pressure chanber assenbly for retaining a fluid includes
first andwseosmsk2el ati vel y separabl e casings defining arrcamsoeredschanber
and a fluid | eak path extending fromthe chanber to an exterior region. An

i nner seal megbgEte bSihdiseROERGML 8 tHGetRRkrPRHathbeR TiRSdibitkhe isf | ow of

fluid, fromthe chanber to the exterior region. An outer seal nenber is 10
di sposed al ongoutied prtic substratbealderench thet thasubstmtatovamtbeconaneinghe ext eri or
region to restrict flowof fluid fromt.he chanber to the exterior.region.
The i nner sea™> ientreorid Bewy | BV IaeA H opotREnay PR RE faL Ot Fment s of
the present imyetheiflttpréssiifeessure chanber assenbly for retaining a fluid
includes first and second relatively 15 separable casings defining an

encl osed éhanber afecoading te embeditenia phthepresedt ingentfonpapresvretimmbsr to an

exterior regign j L. i |.S ed, al an t he .l,eak.path to
restrict floﬁ%g?m@?uf)? J}gfarl%]ﬁng ? ﬁ(lal c‘%zaiﬁ%%grﬁrts gé:}dﬁsgé%% @Lq%g?lyls%air%bag CRH'ESout er
seal menber igefidippaserdicabodgniteealdaRuiddedk heh eRending Gol e Eha@k terenber
and the exterior region to restrict flow of fluid fromthe chanber to the

exterior 20 ragisMIoOrTREORNABNNISEERAl FEFDEF isidispesed plongtie leakipeth tanestrigeal
menber 1s adaghede hoid £48'4d GhmbbW o bbb A1 GBI RRT Y01l N
exteri or regl on en a pressure 1 n t he cha r exceeas a pressure of the
ext eri or l0egidisposdhealongtlerleskemth betwher the Snneadegl tnesintied and e fektztiof tegivnof

fluid fromthe exterjor iQn to the chanher when a_ pressure in the
chanber, is |QJest¢f %O{Jﬁ‘(%ég’i?ﬂ"é&ﬁFﬂ?lﬁ CrdQ the sxderiqraegion. Thainpersstldi ng to
embodi ment's ofehh& iPRREFHall NVention, a pressure chamber assembly for

processing a substrate 1ncludes a pressure vessel defining an enclosed
pressure chanber. Acendisg tafiethhmdndendimentsiiof thegwesenniny¢ngiopy epressues chanber

and is adapted to hold. t ubstrate,. rixe assenbly is aperable to
nove the subs & asﬁ?ffl@é’:}sf EFﬁaémﬂg P@@lda??élﬁﬁ? i}lrslt ﬁ%‘fffﬁ%%a/%?ia?’ivag't drive
menmber casnecdepstable chéife3@itpsdn et Rsééiaibet @hd ABOURITBAK pddiettendibd el ative
to the pressure vessel and a second _drive nenber fluidly isolated fromthe

first drive riEemdhe chambento 35y BEBIPF E2Lioth o imer el meptbepisidisppeedalensabl e t o

nove t he sec i ) ] i3 1Ls fl ui j ed,fromthe
(Tret arive: nagidl i RE Ao T il Hom 4B chaiBer h Melerl P AR ECad
PCT/ US02/ 240081tersealanembkeriiy dispasath elong sherlozic path hatweea the/intarspdl egerhtert he

LS e e S ot 0B AR S SRS, BYELIGY o ol der

20  region. The inner seal member is a cup seal. The inner seal member is adapted to
restrict flow of fluid from the chamber to the exterior region when a pressure in the
chamber exceeds a pressure of the exterior region. The outer seal member is
adapted to restrict flow of fluid from the exterior region to the chamber when a
pressure in the chamber is less than a pressure of the exterior region.

25 According to embodiments of the present invention, a pressure chamber
assembly for processing a substrate includes a pressure vessel defining an enclosed
pressure chamber. A substrate holder is disposed in the pressure chamber and is
adapted to hold the substrate. A drive assembly is operable to move the substrate:
holder. The drive 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 wessak3stef i ning an encl osed pressure chanber. A pussoeai®3hol der
is disposed in the pressure chanber and is adapted to hold the substrate.

A magneti c drse¢end@derhbnibirSs apearbhmidally comied tdide S ghivabRnibel d.h
relative to the pressure vessel. According to further enbodinents of the

present i nventiebife devepaiteanmovpths gabsiate holdss vin the fistt apd sreerd vy a
substrate includes . a pressure vessel defining an enclosed pressure chanber
and an exterior opening in fluid comrunication with the pressure chanber.
A substrate hol der Atwrdihg pofether embddimpnte 58 thegresannineentidvnga plessusedapt ed to
hol d the substrate. A drjve assenply i‘g operaple to nove the substrate

hol der el Bt | VRIS REmbleL pEes g Echbstibang §%2 BESBEbYSssedefuiag Ay a 15

housi ng cover| i pend . to seal
the exteri oréﬂo%g)es%]?Ergséﬁgi%a%?eg'ggﬁgg%ﬁg%@%ﬁ?gﬁgislé? ﬁ%&% esgﬁr}f'f3 %?%r@%eﬁti on, a

pressure chanelris adepiehtblhyld the lsulshtratea Apmegsaticairive aseimbéyd opegbiertd heat er
assenbly. The pressure vessel defines, an encl osed chanber. The guard
heat er assenbwv?ﬁ?ﬁlslﬁ??é‘?te OZ%F%a%Y?r}ﬂzlé‘?%thsﬂfesW§ d in the chanber and
i nterposed bet VVeenA@co?&ih%WﬁH\!h@ﬂerﬂEHdiﬂn@ﬁts of thelgtGseRl IB9SHIR, ¥ Faskte and a
hol di ng vol unme. The guard heater is adapted to control a " tenperature of .

t he hol di Hy veiamber askerablyfar probessingra substiatsinchdesia presyure essel slefiniogani ng
portion of the pressure vessel. According to .some.enbodi nents. of .the

pr esent inven?rfcg ?fPﬁgs%%gl}agﬁi%g?éé%n e’%%rlogﬁ)gg?lﬁ% l%ﬂH%g‘iﬁ’HH’i%" 8?'(“?%% of the
pressure vessgk ﬁﬁ&ﬁdrﬂeh@ﬁbdmm&wﬂ@had@r is ihposdaah Wacstessticahamnbliand t he
insulating gap has a width of at least 0.1 nm ., According to _sone

embodi ment s o a#riediodpddhtheispbersts. oh drivhassemblyds Rperekle tagwaediey i ncl udes a

| ayer of insu i i i t nd the
surroundi ng p%@%ﬂf%%h@?&ﬁ?leaﬁg? g%@ﬁ%gg\%gggéwg}ee @F %g%ﬁlfﬁg%fea? of 30
i nsul at i nip mahasinglcoheringathe bxtekolesening of thel prasstireOchhmier soldseo gesdtld heat er

assenbly may further i.nclude a second guard heater disposed in the chanber
and i nt er pose®'FRRBENE second surrounding portion of the pressure vessel

and the hol di ng vohuiRdind BfefBsRMENE YRTH pﬁl&%ﬁhvérﬁioigégfe% Ehanibér VO
03/ 023826 PCT/ US02/24003" control the tenperature of the holding volune.

The second g uasseinbly dnadndes @ 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 adaﬁted to control a
temperature of the holding volume. The guard heate; is insulated from the
surrounding portion of the pressure vessel. '
According to some embodiments of the present invention, the guard heater
25  and the surrounding portion of the pressure vessel define an insulating gap
Atherebetween. 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 portion of the pressure vessel. A
fluid spray bar may be nounted in the guard heater. A substrate holder my
be di sposew o3nm2sd2e hol di ng vol unme. 5 According to enbodi medTsUHR/ 24008

pr esent invention,H%GQrocess c assenbly for use with a substrate and

nber .
a flow of proc®8Los{uhIgRReFRLE $ g’eahq}@élgéfpluﬁ??d Thg segondyeuassritsater isThe vessel
defines a cha ‘ EYaled t spray port
Rk ated RBmMIRE BoHE Ei%ﬁc{ugﬁ?ﬁ gklxgtfcﬁol GHihe %r%gs 3 g&%l

formed therein adapted to distri W o roc uid onto the
substrate in the chafibihspraprier spayde menietinitse gped hédtare A subsehiaheidgapout a
10 rotational axig kel atA'e.v . t tdhe vissel responsive to a flow of the
process fluid Bt .%‘F"Spotsﬁ ms%B?g‘?/I e ™ME-hr ough the at | east one spray port.
The spray @senber meAccoRBALKIR: | ' ' g | ' a

di stribution channel thergén[@n?ﬁﬂoﬁiéﬁgl{té l@g%gg&gﬁg %*S@ggﬁ’%ﬁrﬁggéggé%‘aﬁeﬁg from
the di stri butdseaminoimes with asubsirateoaida H6w ohprospssdinidrizrhes a ¥5sdihadat

| east one spr tend n angle w respect to the rotational
axis. Pref efa%ysf,? a%{xﬁeenqg%{: ﬁ‘}égggssglﬁcgef@ﬁ %gr%ll%&gt?ef- iﬂ? %ﬂgrn&fnbéhinéh’ép%atof '
bet ween about 1easaosk Heaydrer forteddhbieil S&PRA! o URtiME: Rt Qfl%ce%‘hﬁid The

S

process chanber assenbly r_ra\é_&i nclude a plurality of the spray por f or med
in the spray rfdibibe substrais iptherchagbemyThsspraytmembs eslofreativeda rotae abpiitay

menber andgt he, : } relative rotati betyween the_ spray nenber
and the vessel. i@%%%ﬁ%g%at gt{?‘g}et 3?‘415?% ’%ﬁl‘fﬁastﬂta °8‘f°{ Prcsssind pHtREnt i on,
a spray nenbehe $poay demberithrouphn theant ldastvomefsppigeess fluid-onto a substrate
I ncl udes as' ray mber including. at |east one spray port formed therein

adapted to di stri buts SPRE member may ingludsradissibution pastion insluding ubst rat e in
t he chanber. : [ (Y1 bout a _rotational
HermrioRY AP RErelS 1RPR1AK 4 by REALE RO,

axis responsive to a flow of the process Igﬁl?eay menber
t hrough t he auistelgionshamnsloayxtepiorly of Hespsgyrmymbaber may i ncl ude a -

the. di str ibut i on oNERAGEY BRSHEEF PO FIfY GRiopal Spgl Wb rereedide eThe at
7S B o et aTE Ttk atd B ectenta g RBRESE o o0y 11
bet ween about Pe&fWegm abmit éapd 82 degipeswith saspent tq thetrdtetionsd axisonal axis. -8
The process chamber assembly may include a plurality of fhe 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 pf 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 channel therein, the at least
one spray port extending from the distribution channel to exteriorly of the spray .
30  member.
~ The at least one spray port may extend 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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WO 03/ 023826 PCT/ US02/ 24003 The spray nenber may include a plurality of
the spray ports fornmed in the spray nenber. The spray nenber nmay include a
bar - shapewodi3gkss2but i on portion, the at |east one spray pravusseismsf or med
in the distribution portion. Alternatively, the 5 spray nenber may include
a di sk-shaped di st rThsusprayrmemberinay, intlnde aphirality tof dreespraypyot faerdd ibeieng
formed in thes'i_astr;nierlra1 tion portion. According to nethod enbodi nents of the
present inventtor, a nethod of applying a process fluid to a substrate
 ncl udes pl aci ng { Phophs{rhahberinteyindliachBar-shabedditERAbn pbiSRLAY TEMDET 1S
provided including at [east one spray port formed 10 t ergl n. e process
fluid is distrifpastpeeispranpert beingformed it thedistlpution gootitn. okltemdthvely, ebst r at e.

The spray i a, rotati axis relative to the vessel
by fl owi ngg‘tagteyﬁ%oa ongeer{s}gér?’b %g@g‘% S*Skfﬁ%negﬁﬁsggatwl?rhﬁ&?éﬁeaﬁ?@eat | east
one spray porspray@ortfise tmédi the eseitutivhpenionon W I | be appreci ated by
those of ordinary 15 skill in the art froma reading of the figures and

the detail ed descriffiPEhngto meibod ebedimenty of thsariesephinyentivas a fretodwf such

description b : I | r.at i he present invention.. Brief
Descri ption o%b?%g{% &X%%gu%&ﬁ%h%{%@{rﬁcgdgggﬁaggﬁ% 5&‘5?‘5 B’fa‘gﬁng’ﬁbar at us
accordi ng to efbkodsseknAspnl mdniter prreseided ineleid ANeasTbipPaydrBiofnbd OCK
di agram of1 a %uem’ st_[%g su gslré_{jgon it,'i)oni gq% system formng a part of the
appar at us ‘8f EGtPe ,ppq% 13 &stgbpfed dionythg gt laastome sprasipodionta the e
chem stry su el QR : L0GQ.: . . appar at us of
Flgure 1) Fi e iR Tl B Mo iSkRNamoY TriRith Bl il )8 oBRBRT. 1
suppl y/ condi t ibyrlovgng thetramecsofiwidoyt of thesprap meniter dppagtathe at ledst Ghosprey 1;
Figure 5 is a_hlock diagramof an alternative recirculation systemform ng
a part of theP pparatus of Figure 1; 30 Figure 6 is a block diagramof a
further alternativebjes 6o F#ehégﬁkﬁééﬁﬁ&{ﬂﬂilf B Eﬂﬁ?&iéteﬁﬂhogé of&ﬂin%?;par at us
0 em

of Figure_ 1; Figure 7 is a block diagramof a supply/recovery sys
accordi ngl?o Skflip dherhiemor readieg pt g Sigures aué thd detgiledGlescription 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;
: Figgre 7 is a block diagram of a supply/recovery system according to

embodiments of the present invention;



WO 03/ 023826 PCT/ US02/ 24003 Figure 8 is a cross-sectional view of a
pressure chanber assenbly according to enbodi nents of the present invention
in a closew@meseson; Figure 9 is a cross-sectional viewrdT/wSve/2p08SsuUr e
chanber assenbly of Figure 8 in an open position; 5 Figure 10 is a
cross-sectional vikigmefSiaa cogspeectypnalrdewedt presfue vhagber apsentbly of t he

pressure chanber assenbly..of Fiqure 8, Fiqure 11 is a.top.plan view of the
upper guard HESATERELe e#é%}fﬂéﬂ‘fé’%ﬁi?f@iﬁ@ﬂ%%% 13 25 ASE RPBHAN, view of the

guard heater of Fiﬂig&ﬁ: IR cFds9ldb&iohal +i8wdf HeQRSssBRHLABEY as‘s'érﬁM’y%i’ a
| ower.guard heater Tormng a part 10 of the pressure chanber assenbly of

Figure 8; Fi qligere®iniag apebpotidon;pl an vi ew of the |ower guard heater of
Figure 13;. Figure, 15 is an_enlarged, .cross-sectional,, fragnentary view of
the bresedre  ohamigtre 0 RS oreng e 87 S sona teae ARELNAN ve vi ow
of a cup sealoffﬂggﬁfggggreacha@bgrggelﬁMQO@méﬁﬁ-wsg 15 chanber assenbly of Figure
8; Figure 17 is a fragnentary, perspective view of the cup seal of Figure

16; Figure 18 i s Eigereddss eé&emn plamaiewofdhe wipen gpard deafierotRigntell;assenbl y

according to further enaodi . sent,4 nvention: Epgure 19 is a
Cross-sectional viriﬁgx}“bef%égSr%ggérérpggncﬁg@n‘ggih%égédn%aya oggﬁ@ggépﬁi ng to
further enbodi mentEg@fe 1316 a prRs8edtionaleny oo lovrdr guael Rter SormiidPpart an vi ew
of a chuck forming a part of the pressure chanber assenbly of Figure 19;

Fi gure 220 s of thrarrewswionbamber asserably oA dignedk of Figure 20; Figure 22 is a
o 0SS sectional Vil 14i08 pERNEIA! viEL IYHR 180! AEN NN Figm1Be || ne

22-22 in Figure 2 gure I's’a cross-sectional, ematit view of a
pressure chanber Figwmeis iy anenlargtidngodseseftinmahdragarhtady niemt of thd pessarepr esent

invention; Figure 24 is a | gn view of a chuck formng a part of the
pressure ché%ﬂ@gerﬁmyﬁ%grg“%gure 23; 30 Figure 25 is a cross-sectional
view of the chuck gfufd GUE & péAps@kRRicH 8fMbcup 1261 ﬁohﬁﬁlg%%agﬁofqﬁeﬁe%wee 24,

Figure 26 is a cross-sectional”view of a préessure chanber assenbly
accor di ng5t o dhembéreassemtly of Figwre 8of t he present inventi on;

Figure 17 is a fragmentary, perspective view of the cup seal of Figure 16;
Figure 18 isa créss-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 chamber 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 aséembly

according to further embodiments of the present invention;
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-10 WD 03/023826 PCT/US02/ 24003 Figure 27 is a bottomview of a spray
menber formng a part of the pressure chanber assenbly of Figure 26; Figure
28 is a cwusm/eeneti onal view of the spray nenber of Fi gurec7usoaken3 al ong
the line 28-28 of Figure 27; and 5 Figure 29 is a bottom plan view of a

spray menber accor . Lnvention.
Det ai |l ed Descri pt IF%%&%FH?#H@&?&@% %od@%ﬁ?ﬁf&ﬁﬂ&%@gﬁ I nventi on now

is described pﬂ&@ﬁefchhmverlaﬁsfembhﬁoﬂhlgumP.ﬁ 10 reference to the acconpanying
drawi ngs, in which pref erred enbodi nents of the |nvent| gg, are gh wn. This
i nvention may, ho/dgwie 28i%a gioptercaanalyie A% thaispres mesmaber o Figurs 4 tE%KBul d not

be construed nts set forth herein; rather, these
enbodi nents are prowegfbd%)oﬂ?%at fjisnagl sclosure will be thorough and

conpl et e, 5and wi | IFigudel29 m:mhmegmptm dewPf agpray meenibey ecdording tofurtheise ski | | ed
in the 15 art g eqfetﬂ invention relates generally to, inter alia, the
cl eaning or &b FP‘%’& SHETTE FEREYhi ¢ substrates (such as sem conduct or
substrates) during or subsequent to the manufacturing of integrated
circuits, mcroel ectroni c devr ces, I\/EM S, I\/EO\/I s and opto-electronic

devi ces. Renoval g ool & pdpambpdimentss is a key step
inthe integrated. .gircuit fabrlcatlon r o T, numer ous cl eani ng
steps (comonly rélﬁagrpfﬁanttlgveggongpgdﬁgg "“ﬁﬁ‘?{f’ﬁéeggﬁﬁe%%ﬂ rEEr ocess. The
di fferentot ypesrake & @aa&omp@hdyrd drmnge i waicdapratrahembbdigehts@fitheof t he

| ine post-ash cleans, back end of the ne post-etch cleans, pre-netal
deposi tion dhesmtion atersbawn.SFds Biventien MR dopeashe smpedied ya@&nsé@éfereof t he

| i ne cl ean/ st I

mechani cal féﬂ"gsrl za@?‘gﬁ%?%ﬁdngﬁ@dgﬁ e@eﬁgﬁb@aﬁlﬁﬁﬁg%tefgﬂgn séurces of
particul at es rafhér, it anbotimests iare proeided ab thiat tiis disclpsuoe ol be fﬁloeoqghrahd cles

and contam nants_may bhe ecul ar, _ionic toni c. or gaseo ature. The
source may beompkie.Eat “(‘]ggﬂly °°P¥%§’8§F?Retﬁft§? mVF%téqnstP)%‘%F S@F [ c to the

process (1§. 9., Wafer transport). 30 The shift of interconnect systens shift
fromA /Si02 1o Cu/lowk pr esents new chal l enges that may be effectively
addressed usi ng t HEherpe¢shidsveation aglpies genssallyofo, v gbincthercicanimgent i on.  For

R . 2 R PR R bl B0B Ao Bt WEREDEY ©1

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-diffusion cleans, front end of the
line i)ost—ash cleans, back end of the line post-etch cleans; pre-metal deposition
. cleans, front end of the line plasma strip, back eﬁd‘ 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 Cu/low-k presents -
new challenges that may be effectively addressed using the methods and apparatus
of the present in\rention. 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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-11 WO 03/023826 PCT/ US02/ 24003 because Cu does not have the

sel f-passivating properties of Al. Corrosion of Cu during cleans of dual
damascenewsto3uesszses can result in high contact resistancecT/uswdeswstti ng
and lift-off of the dielectric |layers, thereby reducing circuit vyields.
Addi ti onal cohesnsesChdoes fodbarsatic seif-pissivetiegrpoakrties 0pAl.i Ootrdsion afCu

traditional 5.cleans w l.ow-k materials. As an exanple, it has been

dermonstrat ed fHALE ﬁ?r}?é’tflagﬂ SRPrRs _e?.Fﬁﬁe&@“ﬁHﬂh BRI TSRS &N ¢

spi n-on di el eghddréutfing 4¥ 1ife3FOF SheVdidlectPioil SRR, ﬂ%rel@lsre&&tiég Ictu.& el esent
eans o

invention may address the currently challengin se new
i nt erconnect 4yiditionsl copparps haspdeansedon thephgmical ¢ompatibdlppaf atdisords) accor di ng

to preferred i t\he_present. invention is sh therein. As
i |lustrat esg, f]%gnse‘g%gg)ré Bﬁsa%?% 5 ésgagﬁ?gﬁfgt%lhﬁ efﬂdgmé’ﬁ?tfaé@g&gtfa‘%}nﬁaf er
substrate 5. themivieies gad frvh I0ShendegEdabbeid s?ﬁﬁ-érh&l%l%cﬁﬁ: i daudel vidhe art
fromthe description herein that varjous features and aspects of the
appar at us andPRipRNIRGt Asrestsns hanreseat nvprtionyaroaddresp thexairestiy chadlengingani ng
or ot herw se t I pes of substrates or 15 workpi eces.
Addi tionally, E@%ﬁﬁf{ﬂ%%@éﬁ%@éﬁ%ﬁ%f%@% hose of skill in the art fromthe
descri ption her ei nWittateferarce caiBigueerp onedpparaaindl (5icepdidsto $espsidded herein
bel ow be om.ted or, replaced wi th other (for exanplé, conventional)
conponent 5’ or M&? nté@@ﬁﬁﬁ%ﬁﬁ?ﬁ%ﬁ’@mﬁﬂ%ﬂ%%‘f% ersinpgys Bastrgted thecanpl e, a
vafer of sem gopdied i @l { bl id i i.deq, gal lium
arseni de, etc. "The mglggﬁégé%g Céégﬁggg{%%?%%&%‘?%ﬁ%‘? 5I\'/vor é"g%(’fltg‘glél 5A and
an opposi ng sbbanpaenisted by thobafakilbincthe axtdrosntieatescrifion hérebrothhi vious ' or

di sconti nuous,.| ayver qf waste. nmaterial i i sposed _on fhe waork surface 5A.
The waste | ay%?%fngéls%ecfsa@él?e @Paﬁﬁﬁta@ﬁé% @F,%_Ogééisflp heapinkalew ma¥esi due,
cheni cal mechggisealforndédniill dibtieewise iRadig RA%Es brafthdrHARBE aldsRke 651 due. 25
The waste material in the aforenenti onedg | ayers may 1'ncl ude I norganic or

organi c ont Weikpiases Additionadlypis Willbe sppraciated by theseé kil in therayt frem theovol ac,
cyclic olefingg.. [ .C.: } iLns. et residue.based. qn.i ons of
fluorine, chi %ergfnnle, n@#‘%ﬁ%%é&&éﬁ%é&%% dgﬁqfﬁ'sraﬁ dfgﬁbﬁ‘ﬁge%‘&ﬂ%eéqmi ng
silica or al umbybe aiteal orespludetl fwith dther (fareRaDPlCS bokveRtiRHO] doBRertieh as

oxi di zers, buffers, stahilizers, surfactants, 30 passivating agents,

conpl exi ng agifRSAS 2BIOPBRFon i nhibitors or other agents. Cther -types of
wor kpi eces may be TheERMREHS Hay®eNQr Bk SRpIET '

i ncludi ng, for exanple, l\/EIVBa,y l\/EC]VB,ég%t ’oa?g%%g??%ér#go%%e&\g/tlogg%?e%gfngﬁg- D

2 as silicon, silicon oxide, gallium arsenide, etc. The wafer 5 has a substantially

planar work surface 5A and an opposing substantially pianar 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 photoresist, reacﬁve 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,. cyelic 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, surfactants,

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

micro/nano-structures.
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m cro/ nano-structures. -12 WD 03/023826 PCT/ US02/24003 The apparatus 10

i ncludes generally a flow pressure control system 100, a recirculation
system 2000 @/028§2pl y/ recovery system 300, a pressure chamraT/e®senody 400,
and a substrate handling system 500 (Figure 8). The pressure chanber
assenbl y . 400 i ncl udesappapmtesHlingludpngaserally 2 fow/pesgirs cargmé dystam 0&at er 5

detail bel ow, _t e i |.d_J h r ur,e.chanber 410.f or

pL OC_GStSi ng. Tgiﬁé\@sﬁy@%%ioi ggnfégg ijgzeslf 3%2?@8{)%:?5%‘?1@‘%5; appl i)es ng
chem stry or £8n Batk tém icUPERS K iers),

(in the formof Iiquid, g,as, and/ or sgpzr criti calgufl u?d (e cCOZ)e), and/or a

m xture of chember psmblyH8dpcludesiapressisobpmgesdlls abedisousesd in geeateaf er 5.
The substrat e handl:;ing I : fe and, optiagnally,
noves the %af g‘%}%gg%lg&f téa%?(ﬁf%’a% %%g%@élﬁ%r%{}grg#%%{% elr%]eﬂsfof 8&‘1°F§§§1gaﬁ?‘8n system
200 may be usédwiptesbiretcontrelrgstemt 100ropdidonsadidpplies 4 chetdisry w&g@;ﬁ@gc hanbgr
410. The supply/recovery system 300 pplies the process fluids and may be
enpl oyed to _c(ai%’ﬁe H§§1?)?%ﬂ§§‘§§tse‘?rfm‘€f§ﬁ%m)a§&2 (Bpthe v pEliquidieas.andlor porti on
ther eof (1YP' eileloieichGRRY MRS P ad bOL mbltirdeEEntARirldd shESARPRAL us 10 15

Turning to the™f pressure control system Ingreater il, the
system 100 i nebrkimssuafacafiik of thewafend.nThesubeRata hahdlivly systess300eholdEhee pr essur e

f th i he tank Ti .js preferabl etween abqout 400 psi _and 4000
osieptlhai HateDs abfehbaulad afive) B St SR shiBe eravg IrengpaRrat us. 10,
The vol ume  ofectrh@atici¥ystbin 200 MEEbSHRRLY fiBlr dnf3sturPplotdB TS to! ume of the

pressure chanber 20 410. A tenperature control device may be operatively
connect ed to pisesureehiantbier 410rhEhe sspplyfracayery sysisnr 300 shppliestherpyockss, flufdsr

exanple, ate [ [e sen nd heating. cojl or probe or heat

exchanger . Thgg)(f%%&er a?ﬁ@@g%{o C??‘naél p%&prl‘e)ﬁesf ﬁ%hieﬁk%d’rf’pg?’?ﬂ TSP &bl y bet ween
about 0 C andp@fioftheedif €pgically, 2ecovBRd UMY & Faghdraisdth the4ppathras10isi.ng the
apparatus_ 10. The CO2. may be_in |i d, gas or supercritical_ 25 phase.: A

.may b quid, g :
pluralityldf outlef gﬂt%ﬂow/@reéﬁaeewt&léymrailagw gsaisedetaid the t he t ank

Ti. In the ev WaSehd 80S ohd 'dTEQé he tank
Ti, the [Ii he%gf_eg? f@mgf#g&%ta%gg? :c'r%a y ﬁ?gﬁgﬂ?gﬁgsﬁg\%\br p reEslrugérI&ff)f t he
tank Ti (e.g.thed® inthd tamleT1duprefrratdy betwdepationbd)0 pdilead 4000 pdi, | i nes L3, L4
and L5 fluidly connect .the 30 nk.T1 to,a chenjstry supply/.conditionjng
system 120 (sgﬂ’gﬁ‘ﬁl‘g 8‘&f‘l_?exPrPﬁsEf[g%rtatherciur?%ﬁsﬁ‘lﬁr eipféﬁﬁ“gg cﬁ%\@gu% great er
detail Dbel ow)of the f28RA 1l ik BRofbrablyd feadt 5 @REL the B6lume of the pressure chamber

20  410. A temperature control device may be operatively connected to the tank T1.

0

The temperature control device may be, for example, a temperatﬁre sensor and a
heating coil or probe or heat exchanger. The temperature of the CO; in the tank T1
is preferably between about 0 °C and 90 °C, depending on the processes to be
executed using the apparatus 10. The CO; may be in liquid, gas or supercritical
25 phase.‘ '
A plurality of outlet lines L3, L4 and L5 are fluidly connected to the tank
T1. Inthe 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, 1.4 and L5 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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L2. Valves Vi, V2 and V3 are provided to control flowin the lines L3, L4
and L5, respectively. -13 WO 03/023826 PCT/ US02/ 24003 A plurality of

chem strywouppksses Si, S2, S3 are fluidly connected to thecysiemd20. Each
supply S1, S2, S3 may include a single chemstry or nultiple conpatible
chenistries that afePlBghi tfchemistysupplissidafi?.oi3 art@uidds perecteé tathppl y  S1,

S2, S3. The s i inel j chem,str.ies disposed in 5
sui tabl e cont gﬁéedrl?ﬂ' e ﬁé}ggﬁbﬁg’%iﬁg}p%%mdé?ﬁ&gge %}eémf)tFye?reIP'é@Pf? at

at nospheri c  pompatiblechemigttibothaf e combited edttupsednt b e resPb@ivehappist ri es
provi ded by tg?agzu lies S1,. S2, $3 nmy include, for exanple: water;

oxi di zers suc ’§gr ? gapliss M3 iRl a¥espectiye chpmistish disposadyinir of | uorii c,
sul furic, andgRidld & S Aleclg Lar m nes;. 10
amoni um h?dr (S)l%a [eé &gg vehtvgﬁ%?ﬁﬁztgé’gggam cxecrgrg%d;ﬁgﬁeéaﬁy %‘52?18?9 T | et ones,
et hers, al cohpfessurstd dllowi fdesqnviehient iefillargd al kanes; surfactants such as

bl ock copol yners random copol rs, conposed of fluorinated segnments and
hydrophilic or Ii pgb‘hﬂrqﬂes@%ﬂ‘gmdé{{%géﬁ%Pg?ﬁ%laﬁﬂt% By dnchude, fased ,
conponent s ang EQRRLY bEidBErs!shy hdri £])£§¥ ' | ionic and
non-ionic 15 hyioﬁl?rﬁgcar borhl-)%asero? ssﬁl?g;;(b:%rg}%ES; , n%ﬁs %"&g%@gé‘g‘%gﬁmmm um
fluoride and bydpflweic, sulficionaat nitrice bedes micht asisesondany anbaertiatyrdnginesshi ch, when
conbi ned exposed. t ne. anpther, .tend to react wifh one _another in a
manner thil | ApaLm Rufiifias300kaR e & GarrieSbthaicinlaiopes sepses ne

apparatus 10 etherspdledhols, suFoxidek ohiol, ahd ERERA! ibbtansNGER Al blbae i ncl ude
acids and bases. 20 Level sensors may be provi ded in each of the supplies
S1, S2, S3 toconohdpeapErapdem capelEmersi compopasdeafdioninaltd segnaenty andi de a netric

of chem stry Lt hes , h heat,i ng, coi |l or, jacket
may be provi dg%ﬁ?%m%%%ﬁ%pﬁ B{?ﬁéggﬁ? ee%{%gsﬁlgfg %@g“@@ S@ﬂ’é%i&?ﬁgq GUIPORENtY; i ng
devi ce may beamptlondrathilid or lpaphilie epmbyndats; cobnti&Rl icthc Asd girsiugsed i n nore
det ai | bg}fsow, the system 120_ i s OE?e}iEf?bl e to provide one or nore controlled
vol unes of ch r%‘falrﬁ}m(%# susfactintshang sas sych agyamepenivs| flneside aag chsdine.
conditioned b ; | |Luidly
connected to- %ﬁ%ﬂ?;@i%&%ﬁﬁg Szbar-k(l;lee gzriﬁi\‘/égr?q[s Y%IH% I\)Jl#r?% @glgbé%ﬁ %Errgxsp o%?ﬂz)h -
chenistries. anothergent foirpast withi mefahothelt 1 acnanmec thatlinhredas the pzde@sslgiti/drn f 1 ui d

30 communi cat c'ia%]agvc\ns E)rh m;[drl]ﬂey L3R 'crlpepalga G416 Or \f" er 5.TE}?3II1§§.9 0 ihgc)embaztiblles flurdly

chemistries ivncludev acids and bases. ,

20 Level sensors may be provided in each of the supplies S1, S2, S3 to
indicate that a refill is needed and/or to provide a metric; of chemistry usé in the
process. Means such as a heating coil or jacket may be provided to control the
temperatures of the supplies. A mixing device 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 chgmistry (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 191in 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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connected to a spray nenber 190 in the pressure chanber 410. Filters F1 and
F2 are provided in the feed lines LI and L2, respectively. Preferably and
as - 14 VWOwosi3@23e26 PCT/ US02/ 24003 illustrated, the filtaca/wby2ud3ar e

| ocat ed downstreamof all lines that feed into the feed |lines L1, L2. A
vacuum | i ne Lll6strated, the filteys B H2eart dutated dommsipeans sfialblindsahdideed4itd.th® vacuum

unit Pl is opfﬁrcg leI:‘f\ raw a full or partial vacuumin the pressure 5
chanber 410 tfif ﬁ’@ﬁ‘? &% ine L16. The vacuum unit P1 may be a punp or one

or nore tanks thai va&RinBhL.86 REFhi@Y cOAnddA o S8ufd clidlnbed ATEA DY @
continuously operating vacuum punp. A vacuum tank may be advantageous in

that the presegien upkidiiiepperaige imdrabpe Billas partiad vaowe mahe plessuend t he t ank
may be re-.evacuat ed ile f.er 8sSsinNg i s urring. If multiple
vacuum t anks C%P@%ﬁ%w%%@\@avel@ﬁge etva?ﬁg‘ﬂ“i Qf@f&?ﬁf Qg%B‘é‘PBP_fB‘?‘F‘{’)ro
generate greahere aGUbdDatdmhRIMIIeS Sthdr vhamdest altifed by 4 &xSinhbud®; The
vacuum unit P1 may be advantageous for managing the air (or anbi €nt gas)

i ntroduced t PPerring yeewim PYADP e ACHCHAR dikgnaspbe advanisgessin that thapoessurd 10 may

be opened an j hstrate. During the tinme
when 15 t he gcrhélsngggeju%: %ﬁ%ga&&%@éﬁgepéﬁ{ﬁ?}%’%%&@% erPaynE%/reﬁVF?u % h anbi ent
gas (typi calwhile wife} prodedsingds ocvntring. IAAhltifle dgaBMankiSrd gsddthey agayum uni t
P1 may be used to _prevent this insertion of anbient gas from building up
over tinmd0in Rerdaged i e operatipyto ZRSAR BIsHCL MR UmEndRe preSsuEsGhambety of t he

process fl ui dggi;s .conpl i shed). 20 A circulation line L6 fiuidly connects
t he pressured“(s:lhan‘g)eesgﬁﬁ%o and the system 120. Preferably, the line L6 draws

froma | ower portiThe eiutthenjPdssay e advhstabeus4d0marsgiacthe dialor apasersuppl vy

tank T2 is fluidl onnect.ed to the ssur hanber 410 with a
control | abl e 3 Wﬁ"%’i@ggﬁ’ i SRIE™y E‘é?%&faﬁeﬁ?@ CHTESHIR Gram ‘Ffe‘rlofga%econdary
gas has a hi ghejpesidt PSR RRRE BEPSSRRVE BabEak. Mutiahabing witdhe

secondary gas i$ an inert gas. More preferably, the secondary gas is
hel i um 1Ai t rtbgpresoire ehagaher 4M9issipag the ghamber agyAil withabibéenygdsune devi ce or

pul o2 920" 2. Y O Uh I s5RRARA sy 0ok UG VLGSR U PRI 410
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 o 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 éhigher 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 generator 102 includes a chamber 102B
and a pressurizing member 102A movable in the chamber 102B. The pulse

generator 102 is operable to generate a rapid decrease and/or increase (i.e., pulse)
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and a pressurizing nenber 102A novable in the chanber 102B. The pul se
generator 102 is operable to generate a rapid decrease and/or increase (i.
e., pul seWwo @H234 03/ 023826 PCT/ US02/ 24003 in pressure i rrdimesopressur e
chanber 410. Preferably, the swept volune of the pressurizing nmenber 102A

L3 Detween abgishrute AT Sebduhaie: 16 WIBRAIIL NS, DLESSHLE ghaber 410

Preferably, the pul se generator 102 Is adapt preéssure pul sing
cycles at a r aresswizingenewban 18B4Aus batwey kil 0. 1 sed dntitaesthd vbRntz of the

cycl es/ second.  Preferahl ul.se .generator 102 is adapted to_decrease

a%d/ or incre EeQSLFWghaHB’ggém' ZF ’ieﬁer?lﬂ%’ ‘8‘? 8@%%‘313%%16)&15 &@L@Qwoﬁoﬂl@ast 100

psi, and mor eprepies RIISRE Xyds DOLHRT baRREh aBAR RSkl elaRR aﬁi?iso The pul se
e,

mechani-sm may be any sui tabl e mechani smincluding, for exanp a piston
coupl ed t o®a Fydleséecenst FPatferablya thecqnudsei gegerstoafl 02 dvatlaptedomdextdsagnd/d0 rod, a

magneti c pi st vabhl means. of an.external electrjc cpil, and/or an
electrically, ﬂ{p‘}'ﬁ%gen%? [ geggﬁgubﬁle%ﬁfﬁlgﬁP%rglqurﬁqgrbly\% as; fs@ LgRd B0%ohr agm |1 n
a hydraulic pref@itdybRbetvesy SbAM300 Psi 4ad!1560 pgchani sm nmay be paired wth
valving to quickly admit and rel ease pressure to the non-process side of

the di aphragm the Ief meghanisrymen ke pryssudtablemethanismagending, fone

enbodi nent, t i ; t I d a.l.ow pressyre vessel such as
T2 may be fiui gi slggﬁgﬂﬁgﬁﬁ?egltgra&%% eél‘:’lmr?o i%/reOt?tbl}gcsg’aﬁ(?Pgtaﬁgn%ﬁ%
nmechani sni@ pi stdpamagneticaidomgioyablSb edaheofal axitergal(elsdiris Ealvand/6Bah be added

such that the pul.se chanber, 102Bis filled fromone pathway, a valve in
this ‘pat hway FEGTIFEYe PRURRISHY ey drayligally drnenimserar diephBgndin gen back t o

the pressure g m%rorﬁﬁ&uﬁmc%ﬁ%neﬁgﬁgﬁ%%ﬁ#%@é@ﬁéﬁkﬁ%&%&ﬁ# fer.

The second pathway may feed the retu pressure ¢ anber
410 t hrough t geickpedyitrpdibsleass plssiFhto theinbi{precepsasibenaf/ihe divphrager ve t o

prevent the rgintrqduction of. contam pants just r ved fromthe wafer or
particles gen@?’é‘fﬁ’% P Cflﬁghepﬂf@g OEﬁEHE@E“'i oge ngg@ﬁﬂ% t{h%]%‘&bPW?‘F‘é_ t he
pul se gengy at aak 192nd 8 low btistira vegheBsuck QM ¢i5the MuidlyRBLhQMRd 18 PrdR@dd i on the
pressure chanber, 410, the pul se generator 102 may draw from an hel ght of

the pressure BRHEWOEFceAenthe plsg apachenism (piston orrdiapbeagusi rabl e to configure

th | t O, : - [ d,to =
nei Pt ar e hr ooe SulBe Jafibh i WG M e R Sk SR KOS RTED, 4 1 1
the pressure Hhisdilled &bfh @re fathvedyf, @ whive iniihds mlwaambl bblcRbal dddane i n t he

LY o Bl St ToYte, 0yadant agcous Lo move, 11 d fap Y avey

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
particies generated in the pulse chamber, if a piston is used.

‘ 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 portioh when used to facilitate
processes utilizing two-phase (liquid/gas) process fluids in the pressure chamber
410 or to affect fluid and parficulate 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 relétively 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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rather than nove it across (parallel to) the wafer's surface as a bottom
nozzle would. A relatively large pul se chanber may be used to enable
particl e wii®lsigenent fromthe wafer surface and al so enaldmupartdios! e
transport well away -16 WD 03/023826 PCT/US02/24003 fromthe wafer, to

prevent redepR&intth®Wafet) t6 pfeaént\teddpohlﬁbﬂeAﬂHﬂaﬁﬁel? M@ﬁﬁls@@h‘an?de?ﬁxa Roused to
enabl e phase changes t hrough two phases - such from supercritical to

liquid to gasbe yssdsuenable Hh?i??ech_amgeséh@uéh e p}éas%— sk gsrienm gangrarigical to

sel ectively Vﬁ}{‘ %5 pressure chanber 410 to a-lower pressure regi on,
such as to a Tow pressure tank T2 as discussed below, a fluid transfer
device (e.g., a puapputladinalitdspbevelveWtsire prefiddduerelettely vdie tHer essur e
chanber 410 nay be ci%g‘gn /?ff td the | ow pressure, region. In addition to
al | owi ng PenoRiEFsUET Chamberdlia s lpWer prpeiEs fegionnwish e tosa oW pressuraank TRe 110
and the val ve t Tl to
Generate precBurs ot ?@s”f%%%ﬁ%?ﬁ%?%& b or BRI, Vgt

acconpl i shed. éfluertifimthetprassipe ebambar 410 ndysbepirews offao ciealobegressi® usi ng t he
tank Ti (i. e., by controlling one or nore of the valves V1, V2, V3 and/or
ot her val ves re’E’(S’npr ovi de an open path between the tank Ti and the pressure

chanber 410), 15 Cﬂn%ﬁiﬂign‘t@ﬁlovﬁﬁé\‘ﬁnﬁl oPRdstt A8 ﬂh@@k H&egﬁmrqgﬂt he

pressure in the pressure. chanber 0 by .opening th ve Vb. The waste
ef fl uent l®ay @glmeIdOIa@d\icheaab@Mmaybnvasedflortamlxmmpitletheslugthpasswmankank T2.

Thi s sequenc be repeat ed n eded. 20, Ch ry. Su [ Condi ti oni ng
Syst em The cﬁgﬂ?ygwm ﬂ%ﬁswecp iR & P%rﬁg?iéto @I&Pp‘g?%% fe to provide
a selected ficewm Qﬁsh%mbf/'@:hsmﬁ ﬂmﬁessﬁ@l indlH prassufe dHafibet BE0 St emkSi ,  S2,
S3 (nore or fevver supplies may be used) to the pressure chanber 410.

Mbr eover , t hel'l §iestbyrpontrollipg gongar Ppwrafihevalvessl. ok, (Kaand/arether grlvehe
pressure, ! eBeLaLul %gofeﬂgna‘axg’oeftxklgéﬂ hataR 1 arf h@gpxﬁeg@ger et B8, St ry/ 02

In accordance ent Invention, cer a Ive
confi gurdii o rxﬂomthbe/abﬁw G ymtithenrafidie dsygligmhd gﬂessu&e itltegrdshed

her ei nbel ow. I rec t he de tion her in that
vari ous aspec‘i 4#“3&(?&8’?%# ﬁ%e&rﬁ 8%’“@83&%@ FREXt8 ay°Be onitted or
combi ned wit f% §su§=,UtQ1§$ it x 8 pfe0 Suchitl Phe RSIPTOL %m@ qhé&RL W %e?{:})etaﬁﬁ

enbodi nents. 30 Wth ref erence to Figure 2, a em stry supply/condi tioning
system 120A needed.

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 ‘chjamber 410. Moreover, t‘he -
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
invehtion, 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 disclcsed 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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I's schematically illustrated along with certain rel evant portions of the
apparatus 10. A fluid transfer device P3 selectively draws or permts
gravity fwomwsmkinzhem stry fluid ("first flow') fromthe suqpisp2360080 a
reservoir R at substantially anmbient -17 WO 03/023826 PCT/ US02/ 24003
pressure. A | epwbsumpadlevehmedavingeleti2? 12P arasess hho el ¢k Ofidthgef | uid in

the reservoir_and Iher%%}/ tHE '\/qI une .of the chem stry to be delivered to
the pressure CREVBE AL fstebyithe yolymg of BistyQbe dePgeredhip the presses ve to

deternine the siehbee410f ThdQuifiltheFes devt I R met eping, the flow
through the device P3. The 5 chem cal a %%@?ﬁ%%gtsﬁrge}%gé?%?‘? hume
t hereafter dra@ﬂhﬁﬂmmﬂb?rﬁeemw@ddwimyteﬁn@ﬂmfgmmr@ﬁgméH@iléerm.upﬁg d (as

di scussed | o . filter, FI, and the line LI . into the pressure chamber
410. Alter %ti(\yﬁeﬂ%ﬁ fte}{lél}?r‘egmg;aay&% e{;@ﬂgg@@gﬁgmep gavigy C02, or

conpressed |i othrslgb@%oaditie ng@p@g disteyeed del red to
the 10 reservoir Rl throuﬁ%@a l'ine L3AS\ by o?ﬁ?a ’ﬁg%ﬁgt?@\a/‘gfg’ﬁw}ﬁ A

pressurized ni®$Qithe pesssyrpehamaberddd. and C2 is thereby delivered to the
pressure chanber 41 ] uni .t Ci. fiLlter Fl, and the line LI.
Wth further-refer e‘%l(:feeﬁ]?%‘%z)gguézg@f;’ SFIP%C%@/@% gﬁzigﬁé(g?)sﬁ%ﬁﬁpedort o deliver a
second fl ow ofcomipredssd liguid @O,20r Fast@uPCOSLESmithe/ ik 18 ﬂl%b@?e@ﬁ%ﬁ\%ﬁﬁan@er

y

410, the 1 5 second’ fl ow i ncl udi ng chem stry fromthe sSupp Ich is
not conpati'bl FEHFYHT Rildbmonghy plinesL3Atryeopeyation ol 22@kveVIA. Agsesaufizedw pat h f or

the second fl qwixbabris adifRaLRtEOf & ed far the-first flow The
second flow path incl H’Eeas eeerren(?(gzls ,ré%&;elff’gﬁgt%ﬂ&%?%r &LBe }gng
general |y to dhroughthe wd CRIthe fik& Flaand Bk.linerLt.he same manner as di scussed

above, the second fl.9 be.a 20 chenistry only stream (i.e., no C02)
that is transferred f‘ﬁ'ﬁiﬂéfﬁ%cwﬂgy%%ﬁst%MA isradapjed tordeliver a

condi ti oni ng wekdnd@w bhehehiittheEortani i esgyr
chanber 410. Al tenr natv}’yel ;,_ c%.ro%ngﬁgoiegﬁﬂﬁ#?gﬂnlg@r%sgu%e%g?xgéﬁcég’ﬁﬁto t he
reservoi r IR tspeasddlovaincluding demisryfpem sid supplyf S2awhigh venol tBmpatitle Wit t he
adj unct/ C02 i ' 0, ssure chanber 410 under pressure. 25
Figure 2 furt-%%érjﬁllp Hsﬁésf?g{leesé&{%ﬁ.‘e%&pr&’@ﬁ%% W Rath for iﬂéerﬁeP?fﬁgﬂ?}EﬂtaélSr eturn
process fl ui d sépavate fioen hatssedfer tﬁ@ﬁfﬂ@ﬂbw?r]ﬁlets@cédaeﬂcfvggé’chwlﬁde leﬁ'%é using P4
or a pressur 4dkf?f rentqill%[g.weThe returned fluid may rem xed W th the

re> e

second flow f ap IR9Bdiag geperally tonalemeénts P8y R1,1G2, skb@h) nay be
prov i ngoih n the Ii g@gﬁgﬁxgﬁ%g&%&ﬁ&%&%@, WY Rodhia fork DT HEY Y
20 chemistry only stream (i.e., no CO,) that is transferred to reservoir R2 via P4 and
then throﬁgh the conditioning unit C2, the filter F2, and the line L2 to the pressure
| chamber 410. AJtematively, CO; from the tank T1 may be introduced into the
reservoir R2 through a line L3B by operation of a valve V1B such that the
adjunct/CO; is delivered to the pressure chamber 410 under pressure.
25 Figure 2 further illustrates the use of the circulation line L6 to return
process fluid from the pressure chamber 410 to the reservoir R2 by using P4 or a
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 12OB 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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30 according to further enbodi ments of the present invention is shown
therein. The system 120B is particularly well-suited for delivering
gaseous cweniasszes. The system 120B corresponds to the P(Ivresm2A04 except
that the reservoirs RI, R2 are omtted and high pressure CO2 is nade
directly avai IGHIC2 winlibésd.TATBR hmhvabees(WiiA and VEBVB03e0:2id8 36 the fluid

PCT/ US02/ 2400 , . C2 via lines L3A L and val ves VI A and V1B.. By
operation of SIEY ‘%ﬁV&Fe\ﬁ'?’r(Qﬁl)gérﬂlW\ﬁe B gy inpeef theyadgungy 81 (RS2P0B nmay

i nject the adj 143 o ubi k4 BN Lk or C2) and
the filter F1 ﬂ‘(&ggéthgé Cg%u?%%l%u%lﬁgq l{gfggis‘ﬁ}dgtﬁgﬁg%gp@%@' % g)rltrtllgti vely,

hi gh pressur e pGERurergl 1 480 dltematively Shigh pressud €0, nbey tehddédstorand Si or  S2
in the respecti.ve, Cc i ti.onin ni t..Cl,, C2. | this.case, .the volune of
the chenis rynﬂé‘?qv’gﬂg& @8@%@%%@@%%&’3 gonslitipning Wit Ghdsdirldd by
netering the #hiowssefthé RelusleeTitiRd héndiftFydilileled o fe ré’ss*rﬁ{e%ﬂ%ﬁér 41@§¥dyce P3
(or P4) or by neasuring the vol ume change in the supply vessels S “or S2.
The flow rat ebgmessured tering $hesihelv of thechemistry Harougin thetfiuidiragsfarni t s A and

10 C2 may al s Mok I to_achi eve desired.ratio of CO2 to chem stry
inthe str ea%eﬁg‘? gg?&c{e}% }Qgg.%gleta%rgﬁgﬁ%\é@u%%hawtxﬂ e@@?@ﬁége{sﬁlﬁrgur e 4,
a chenistry s$ppiTyé dowdate(s) i bliensiyigice MIAATO, RCE bohdiordife ftfstehnd

enmbodi mant(s) of _the present invention is shown therein. The system 120C

i ncl udes aYf 1 G2dney el besongwlipd to aubicypadasired rato €O to chemjstrriathel 5
alternatingly iqg SI and S2 as well as the supply of
hi gh pressurg&@ﬁﬁ%lﬁééﬁﬁéﬂgér(@?a line L3A and valve VIA). The
device P5 forces With mfdremiedd Fiduradss chentibtepsighplylca@itiiniigyystes 120 C3 and
one or both of t;;}j;@eﬂ1 foir;l@}tﬁrs F1l and F2 qSilgegqendi,ng on the operatjion of valves
VO and VI O) sBCPFHRS forurthen embpdiments pf th praseatiinyeation és shevs thereinp T sur e
chanber 410 uggledm PEES fidlRies 2 AufPrARRAlEY; may be
added to the sel éT(I::[ ed chem'egt;%/ by introlaigg)ﬁgé{aﬁfe@t e‘#ﬁ’?&% e

condi ti onihg elwrpatioglyugomgachef the seprlisgShand $2es wall ue the\buBplylofihighder t o

revent mxin -t i-nconpat i chenmistries S, , .preferably,
Bur\é SCCOZ;(I fgf)e%;lltr?@%?lgﬁ)ﬁ] %ﬁaﬁ]ﬁbtﬂvﬁ? ﬁ%%ﬁ%éi&“ﬁﬁﬁdﬁéﬁ%\)h%#ﬁégiﬁ to 1¥I ush
the fluid trafsterthdeléctsal domige) thitich @ EBAdIEEKInG untt €8 fHdNe BRboh b tHehe
pressure 25 chﬁn‘oer 410 shared, by the two_ chem str\‘/}lflows. Recircul ation

t

System The r eefPEfilanddt Esrandingmoche aparafirasofaielvsaM9eand| Vi s that thei di y
Conneet B0 10t i [P U R b0 Phntd tE pREERE U S HTB G Yol @S 18 and L9

are in turn f
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 L3Ato

flush the fluid transfer device P5 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 connected to
a lower portion of the pressure chamber 410. Lines L8 and L9 are in turn fluidly
30  connected to thé line .7 and also to the feed lines L1 and 1.2, reépectively,
‘ upstream of the filters F1 and F2. A fluid transfer device P2 is operable to draw
fluid from the pressure chamber 410 and force the fluid through the lines L8 and
L9 and ultimately back into the pressure chamber 410. The recirculated fluid flow
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30 connected to the line L7 and also to the feed lines LI and L2,
respectively, upstreamof the filters F1 and F2. A fluid transfer device P2
i s operabw® @m2skeaw fluid fromthe pressure chanber 410 aud/feee0she
fluid through the lines L8 and L9 and ultinmately back into the pressure
chanber 410. nlhebe emhbised witleothet fluid fovoi thd 8ndd. D3DRB 826, F£6:H/thiS02/ 24003
may be conbined with other fluid flowin the lines L1 and L2 (e.g., from
the system B8eBId0sPdOF §amthe ipesled o1 Bl Valygs V4 gud Yaaraprouidad wethar e
provided in thao '85?&?%9'-8 and L9. The recircul ati on system 200 may serve to
provi de additi on%‘l urd 5 nechanical action to the wafer surface wi thout
requi ri ng additi oriie re@roniasibn efsterft@B0 arag/servead pravideraddatodal fididoduct i on of
new C02 and/or chem stry. reoyer, . the recircy| ation system 200 may serve
to conti ndoudP§F %}r?cflé‘? 6’!\@53 of syrfacg; vathqui reqgring additionalaemgidShent s

t hrough densi SROSH AL SESS J i | I I process.
10 An alter naCE(Isze r.ec@%ﬁ%t@%%@gt em OZ%ASXU ggg%&?dé@%é{e'?%ﬁ?ﬁy gﬂrgg{é%’nt

i nvention i shsteowoulationFygieme2(®. mTheerey/otconti@ @Ay akenu(elgs fidter, digtilleor | i ne
L14. Return lines L15 an 16 fluidly connect .the |lin 14 to . a

recircul ati orfeﬂ"?ﬁtfl%mf%e“%n Qugg de try\é/?ocﬁ@%{?é‘& ﬂf@ﬁ?ceﬁ%ﬁb’éﬂmgf‘]@ﬁ in the
pressure chamaifplfloces.fluid transfer device P6 is operable to force
fluid fromthe pressure chanmber 410 through a filter 15 F3.and back into

t he presdfire chanbin aliemptivh renirghlatipe systen 8@04 ggcaadidg &o thetpeessprinyentiopnber

190. Val ves V7 ,and V&.are prQvi t | ¢ _al ternat.i ivery of ~ fluid
to the spray lﬁtselﬁb‘%}m rlg?lgcs:')rl?lﬁlsg&g rgnﬁrqunl%h‘)léﬁgsna&l ?uéggh%%‘?e%%m%ﬁaed back
fl ow t hr ough Ltiseanddzid fuidlYTondect thetline 113l tb @rreetdulition @616 W9RindMe SYSt em

200B according to the present 20 invention is shown in Figure 6. The
syst em 200B iSREAYUBEBbEA B esnsetivslndn thepresspig dhrgpbeidile c flulg tramstepr essur e
chanber 410 t i: L) [

ranster systonsis i ppads CORIAE SoRPbl Hikss it Sl er Db BEPR A
from t he 1fr eBard bk irie thept&stirechumber Adhtonply tietrezele 183 gnd/of the upry

conpressed |iquid, - ercriti fluid),, to. |.i quid. .eferably; the
transfer 25 gqlg%lghz%’u@@eﬁﬁégngégpqxgarqv@e&tg\;gﬂﬁe .g,lggmt}qgvdzgyery Iogi ds from
the still 24315@id e sply GRBibeLolRonABtichiRzz B hd tdhvali LBRSGded BaKL r ansf er
system 242 may include one or nore shut-off valves and/or one-way/check

val ves. |f tHowdseughdhe regrlef¥98m t he pressure chamber 410 is a liquid, the
transfer

A further alternative recirculation system 200B according to the present-

20  invention is shown in Figure 6. The system ZOOB includes an outlet line L30
fluidly connectiﬁg the pressure chamber 416 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.superqritical fluid) to. d liquid. .P'réf.erably:, 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 sys.tem 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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system 242 may not change the fluid or may nerely change the tenperature of
the 30 fluid (e.g., using a heater or chiller). If the waste stream from
t he presswuoeosmhaazber 410 is a conpressed |iquid, the transcarueygimesn may
provide a pressure let down (e.g., by nmeans of a torturous path, an
orifice, or ctnortbe preabure pharilee 410 aresfupercritiyaltfbrid, 24cte tepreftadly 4 ncl ude a

tenperature-alterin elenent. If.the waste stream -20 WO 03/ 023826,
PCT] US02/ 2400%”3?%%‘1‘1881‘6? digused %bﬁaﬁﬁ%weﬁféait%maeré%%@laﬂpg isteal [n thig q,

there is prefedsgbik a9 beRkEESHY ?r H&traBe s c&t 15 ﬁgﬂ;ﬁ eRbsehey &e%%ﬁ’é@é | as a

tenperature-altering step. Inthis case, it may be necessary or desirable
to cool the flLiguii/EGes mgmsofithe phashdiagraphase - Li qui d/ Gas regi on of the phase

58 905 A B R A 20, T

which wil | besepafaedmeimadinky tweRniRtentdndightheR R SOVRRASHE %hi ch will be
e

predom nantly adjunct chem stry and entrained contam nants. heavi er
conponent nmyPIsdomiEgatiE{-EY gpe apd 2 heayieycavipeyynttvehich wikhepredapitiastiyos al

system 244. 10;. . i.aht er tr.eam.i irected to a heat exchanger
4o i a i naub hirhishd tad b A bnBIFAR,| P hesRiL Fompchelt Bt bn

mani pul at i on ednvepspeIAthy ®avigh b pPreegelippdisposal SyeteaOond t i ons of the

pr ocessi nﬂq fluid (i,e,, li q(hjj d, conpressed liquid or supercritical fluid).
If the fltHd startjm"gcpé%ﬁ iRBisOEsam tydirestedi R @ heakeyshenrgsr 24fuyiaiadiveude a
heat transfer i t: | L : s to transfer
heat fromt he%#é‘ﬁéﬁ%&@?ﬁﬁﬁtglg I?ﬁ%&gﬁgﬁ?@%ﬂ%ﬁéﬁ%%é%@%emme

addi tional | y @idgaessdre) o theghnditibns aftthoprocesdmgriptid ore, , Infaid) chhpRBsedmenbr ane
separation, physical separation (e.9., .¢entrifugal force) or electrostatic
separation.- pl?%ﬁd%ﬂmefc”é‘ﬁ@oé"@f& Iﬁﬁ@? q“ﬁ‘gﬂa‘ﬁ‘é‘gﬁtog&iuﬂﬁdvaﬁé}ﬂwdt@eaddi tionally
process the guhsidedbRydhclide 2 RaPERSFraod Ya9 e Aife dGHA &' onal
chem stries may beg 20 gddced tao tahi S iﬁcgm ng g%ﬁzged?gﬁggﬁ at %&?ngéxsltong

reser voi r1524&s totigasfer keat fioprihe eensiensing Anidon theystile2432008 COymbebeised t o

provi de a. copiy r 1 [r.m it flow of the pr.ocess fluid through the
pressure char&dﬁt%%gggs%%ﬁn%gghﬁtga\?&oﬁh X34 WB’?&Q%QQP’S‘PQP B%e cl eani ng
process by trspsption,iphgsicilaepdrationdb.gs can@ifudal Fcée eliBstath sfe?algtior_l.t 0
prevent redepﬁﬁslt (c)in, t h& waf er) and/or 25 gr ovi di ng. mechani cal action
(agitation) ohP%p@ditiorsd Colampaythen bejaowided bagkoim addifionpldy prordsethed or

ot herw se congtd fAU r Lven addi tion
of heat in t @bﬁi f‘ﬁ@gﬁp%@%g??ﬁ%ﬁ%\%ﬁfp%@&%r Agfi Lﬁeérn gj[’)(%)ht\éen nltiééﬁ rf@?%%‘rti cul at e-

20  added to this incoming fluid (e.g., at a mixing reservoir 248).

The distilling recirculation system 200B may be used to provide a

continuous or intermittent flow of the process fluid through the pressure chamber
410. 'The mass flow may serve to assist in the cleaning ptocess 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 or otherwise conditioned: The mass flow may be fully 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, stillé
243, heat exchangers 246 may be used to provide increased continuoﬁs flow. -

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

particulates that are filtered or distilled out of the process fluid stream. Moreover,
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generating mechani cal devices are required. Miltiple transfer systens 242,
stills 243, heat exchangers 246 may be used to provide increased

cont i nuouwd 03238280 Each of the recircul ati on systens 200,PCA0052/2200B nay
be enpl oyed to provi de mass flow through the chanber 410 without | oss of

rocess qu fromthe 00 exce he rel tlvel smal |
guantl ti eagh ﬂ‘?ﬁ’ﬂ: & %Sysﬁ%ﬁ%gu?%%gﬁ?'l&? %’eigl“l’ P@l” TS dlystl |l ed out
of the pr q&a&&u&dolhlrﬂe aia&z%md\/b«ﬁtﬁamutenn%&e\e&ﬁﬁfa%&%nﬁ G bfWR02/ 24003

each of the recirculation systens 200 OA may be enployed to provide mass
f1 ow t hr oggbeashiBiuidhanber 410 without altering the chenical composition of

as the 11 ter P SRARENIRES T Bl B R el e At Fatieon ot

| east par trefefibly dllableg td ?;@gﬂeqﬁtraiibnruﬁat (st faRtidleyiIAnkd @hSd of W mA M Crons.
Suitable filters may include sinntered filters, bag- type filters, magnetic

filters, dae@ma@@maﬁersé tor $Q migrens. Avitable Wisrarmaninchs sikasedBlters, tgef er abl y,

as in the f into the .
pressure C%Angﬁérg’jﬁ%%ﬁtz@g& | %Stgfsw? txrsf %nlr#/ fnejﬁfgﬁ%g%%‘?%}?g t he pressure
chanber 1@réfkthbly, as pathe ilustrated embbdxmlmsesVeaylﬂufd sttefmtpatiedydntodhyi ces for
delivering fluid to the pressu nber 410 are di sposed upstream of at

| east one FIsuchamper 4194as ?%itﬁT ??g}tstf%iall glepgent lpejorecthe PF&?W%@PG@@T means for
m xi nggth o ct and CO2
Cuhen 0r oodep TR PAEHLE R Bt DO Rahsitl apviles BrtilReb i adie e, *The
condi ti on|pngssmmchsmherwmIawdliﬁosemupm@anbaﬁtmned‘ﬁm rolling the

t enper at ure of adj.unct or |tabI m Xxi.ng, devi ces or
processes i ncl ‘g‘h%‘in%&?l %&g ¢2 é% IIW%IR??PG Gture control
may be aCth@ﬁ‘:%éé%f'ﬂQs aﬁlﬁxﬁf&?&fo&ﬂﬁﬁhg%e é?fj’thﬂc@anc?@@?%%é"n BdH36 an external
j acket, for exanple. An"electrical heater or a fluid heat exchanger may be
used, for mwam@ll@mogmerﬂy@nd seivatian efrasifunctsd e cendifigninpanitP®an plso pr ef er abl y
capab of._ac I en | uid. Suitable
devi c mayal %c %‘%‘ fér r ag%rlﬁé ] S},a%ﬁa’/”lﬂr?gedb&ﬁg%ra QH'ncgl&Q{Z‘on punps, for

exanpl e. \mnﬂaelemkhigmmés @fprafgssdinisdenavehabiReMmidetugidriRivesiangl descri bed
her ei n, will be apparent to those of skill in the art that various

nodi f i cat |meﬁ9é‘§’e lsantreldeay beachisvrbBHNS BroRes: Antemal ¢nilsselpmentpnaBAor on.  For
exanpl e, ijg efxré‘??ﬁ ?{a%%@t”l”o]:% %é*%ﬁl'é' &lh&re? odical h&ﬂexcdr Ol bl QxtddAGefayay feed to

the fluid tra evi ce suc
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 a.rrangements~ have been illustratéd and described herein, it
will be apparent to those of skill in the art that various modifications may be made

25 'in keebing with the present invention. For example, in the sjrstem 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 L.2) for each flow path, so
that the chemistry (with or without CO,) from the supply S1, for e;:cample, 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 (z e.,as in the system 120A) and/or one or more parallel chemistryk

supply paths that are direct injection (i.e., as in the system 120B) and/or one or
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flowfromthe line L6 is directed to the |line L1. Valving (not shown) nmay
be provided to allow selection of the feed line (i.e., LI or L2) for each
fl ow pat hwosw/02sd26t t he chemistry (with or without CO02) frramusSee2spply Si,
for exanple, can be 30 di rect ed to either or both of the spray nenber 190

and the nOZZJn%%ﬁla} 1 JdiBs RRPRIA AferddivE RIS (ikd s aieor nore

chem stry supp I ude an in-line reservoir (i.e., as in the
syst em 120A) systeih mzocabhewhthmkﬁltga,rfémd@anﬁh:ednvsqes,yesesmt gonditomeng hat are

di rect injection n_the ste d/ 22 WO

05/ 655800, Por BuEs ek ?Broﬁiladreg%? bfce 0Bl d5ioPsl BT, hat serve
alternative supplies (i.e., as in the system 1200). Addltlonal filters,
fluid transfer deV|ces reservoirs, conditioning wunits and val ving may be

provi ded as s addi tional flexibili ty 5 O eani ng/ Pul si ng

Process The aar us 10 .9 processes
wherei n the wafer 'flﬁ’?afarii‘é”a%)rrgg% &g ﬁta é(C%%égq f’é’c&%gs ? o fluid
streams,  pOQhered e &Iamsnhqseq&essmcdhaﬁhbag4nhgr§u@aéte@fh flnii€ tsGeant? and

m Xtures thereof, in various states

qui d, super CI‘I tical
fluid). Suc hpmlae@cbmsmy%s@pméutgochm@? é@ﬁn@ﬁ, %@a@%\m@r@% thgreoldn g

coat) the vvaf ofr..e gglﬁ t used to
conduct met hd ou%%{ag:‘%g gléllﬁ %as %jl'g) Cglvmmﬁ com?g(%iéise%\%r?gggﬁgg Pat ent.
Appl i cat i®nsclehmor ahsmhgestterae@ g)jcoM)IthélwafeechekS)A Foremamppleathed herein by

reference in their entireties Pat_ent i.cation,Serial No. 15
i nvent ors JaARRAT3uS &%ﬁgﬁmeﬁéﬂﬁgn‘g‘“W@@"QFﬂSd ?F'Qé?t}}f' olgVIEe and Davi d

E. Brainard; x’nl-n‘ggl i e@rﬁ)grl’atérﬁu& Qgétxonﬁntﬂeﬁisaﬁﬁl'es MelheH aref ket €ani ng

M croel ectronic ures wth I'i cal . Phase Modul ation (Attorney Docket
No. 5697- 45| R)cprporated Ifergxﬁé:bfeqﬁereappin theiricotireies:i al No. 20 inventors James P.

DeYoung, Janes B. I\/bCI o Ot ephen M 0SS.;. and Joseph M DeSi none; filed
Sept ember 13, 200%: ﬁ?ipta?éldgpﬁéiaﬂ%geflgﬁq@f&ﬁmw—eﬁeeﬁeﬁhdmc
Structures with AqueOUﬁveﬁafsUaﬂleEJPovau@;s&ﬁ@B(Mbcmmwlcﬁmmcowp

5697-451P2); 3. U S. Patent A%gl ication Seri i nvenfors Janes
P..DeYoung, Janes B. M@ Beyid EaBaeimprdphiled SlVPteHGCEE%ZOf)ialaé’ét@éﬁtenber 13,

2001; and titled Met hq%etlzo% fﬁ%@%ﬁzﬁgMzcroelectronzc Structures with Cyclical
' Phase Modulation (Attorney Docket No. 5697-451P);
2. U.S. Patent Application Serial No. A ;

20 inventors James P. DeYoung, J ames 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);
3. US. Patent Aﬁplication Serial No. ;

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 (Aﬁomey Docket No.
45TP3); |
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 Methods for the Control
of Contaminants Following Carbon Dioxide Cleaning of
Microelectronic Structures (Attorney Docket No. 5697-451P4);
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Particles fromMcroelectronic Structures (Attorney Docket No. 451P3); 4.
U S. Patent Application Serial No. 30 inventor(s) Janes P. DeYoung, Janes
B. Mcd ai wo @nwd3s3sephen M Gross; filed Septenber 13, 20®GT/@svd 244081 ed

Met hods for the Control of Contam nants Foll owi ng Carbon D oxi de C eaning
of M croel ecThefillbwih¢ betet@platy hrocdsps)thidandsebe pactide8 I adkdtRds witk3 WO

03/ 023826 PCT/ US02/ 24003  The fol]l owi ng are exenpl ary processes that may be
practiced in HeqsraNEReRtionn Preferablyy %@ﬁvm&@@iﬁn&mf@rlﬂﬁ@k@%m SEDSQrRe

ompat er i zed e oRaRR Pl OREERe <208 o RERSR SonedGr BRERAN LR BRCG o
conduct the desitradds peedeé sscaideqishe desitbé pwebwmrstépsi S i nserted into the
pressure chanber 4 an ecured t.o the chuck 510 by any suitabl e neans
such as adﬁesi‘ve oig%WégFﬁz:ls Wé?réedﬂp@ftg? BISpSHTe Ph&?ﬂb‘?ﬂéﬁ@ﬁnéschreéé@meed to the
chuck in one S ' | . 0

hol di ng assengl{l 1}6(13{25‘1 gz %(lesglﬁérj’gé‘%%rggﬁ"f %S%W?gé?%gl} %1%%%%?? r%garb\f%@%t he
pressure chanbeferiSds sdvareeddd ther chotlomanheanf thesmahresds ddsOribed betavd withyregirder

gases in the pressure.chanber 410 vacuated fromt he ressuye chanber
410 through tﬁ’e FNﬁéﬂr@fgﬁ%?ﬁﬁané’ﬁ%@ﬁéﬁw'amafﬁl5r5%éb’tg"aﬁa$) yihedoanpkt ry
fromone or NMegrakukhBasbiil tRfeadbn c12d and séA¥d.be applied to the wafer
using the chem stry supply/conditioning system 120 prior to. pressuri zing

the presslft e chanmbdir apiGmy ptheT Besepinathe prasswb ahdmeber4t10 arsevebetafdrathe

pressurized w.th ref o] i uig or, ScCOR2) fr t he

hi gh-pressurep{egsr?gg%?% éf‘é?ﬁ%#lggl},th?ﬁ%e }é:%ﬂgg’e‘@ﬁﬁ élPltﬂ]o i s pressurized
to a pressure of aOptiesdly, dhigisi fromee GPIRP6LME saflies S108% Wweemyaout 800
psi and 3000 psi. Additionally, the atnosphere in the pressure chanber 410

i s mai nt ai nedaRRlied tetesralaisingthe shamistey synpbi/eonsditiqningtyatean] 2tmsior t20 10C
and 80C), for 1%%‘&%? &:thd! k%@cﬂﬂﬂ;ﬁfhﬂ?ater as di scussed bel ow. Once the
b 0%is I'ze

pressure chanber ressur to the selected pressure, dense-phase
C2 is ciltkul ated The pregiurd ttenibiendl(Lid thevedfee peassmizedeviteCOlQefamblyor -t he

nozzle 191. The. y er .directss the dense-phase onto the wafer -
surface 5A ‘ﬂ‘f@%l%gg&é}ﬁrgﬁlﬁv mﬁ#?ﬁsﬁwew&hﬂgﬂt quféﬁ:%& tHe PISBY&S criti cal
acg)rz)l I‘gg P‘Oxe.dcﬁalﬁ%'e?MG [ préds QM eANE 2 PresSRE B 8 140206 YRPdERore brefSXablyS3 may be

between about 800 psi and 3000 psi. Additionally, the atmosphere in the pressure
chamber 410 is maintained at a selected temperature (preferably betweeﬁ about
20 10°C and 80°C), for example, using a guard heater as discussed below.

‘Once the pressure chamber 410 is pressurized to the selected pressure,
dense-phase CO; is circulated through the line L2 to the spray member 190 and/or
the nozzle 191. The spray member diregts the dense-phase CO, onto the wafer
surface SA. Optionally, chemistry, with or without liquid 6r supercriticai 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.

The 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 teperature 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 cdmmonly owned U.S. Patent -
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the. wafer using the chem stry supply/conditioning system 120. The pul se
generator 102 and/or the high-pressure tank Ti and the valve V6 are then
used to eWoesstoassee cyclical phase nodul ation (CPM. Mre pamvusoehanoBy, the
pul se generator 102 and/or the high-pressure tank Ti and the valve V6 are
30 operated (wigdhicapiy Sifal Rbe tenperature control; %ntmgaﬁé%%?é@uhgi d to
ef fect. phase changes between T1quid, SU ercrrt'Tclin)], and gas states”

Pref erably, tHémShgsMCCiﬁmaﬁ‘é@ba%l Colef, et Baviddt. Weainardly filed Septeinbat 133nd

| i quid states 45R4. hGal,, f ion. . For. e le, CPM processes. a
d: gg: ode i nst Ogl’2"‘8%{%?;9}?%%23;1\?%."”’%?@Fﬁog?eggowsﬂyfﬁg@%éf J@SﬁF S02/ 24003
Appl i cati on Saiasd Mdeulation (ARSTHEY Dod@i®e, F59706XPY Ak, disd@éligéoﬁ%i fdain,

M chael E. _Cole, and David E. Brainard; filed Septenber , and
titled Met Roddereby insomasptad haretr yatetasence i s Sitiratyt mepdewonduc@icl i cal  Phase

Modul ation (Attorn 9h~4 ,Lhe disclosure of . which is 5
her eby i ncor por at eg ﬁngﬁeﬁéggpc?ygfeg’réﬁéglj(ﬁ?%zwtgc %S%Wymplﬁ\g}e&?duct ed.
During the CPMafyd vis theGpPayanerebit 190} Fhidend phrtivuliRYnstRr &8R! the fresurd he
wafer 5 via th giﬁsdg)e%%(ywmsrrber 190. Fluid and particulate matter fromthe

pressure . cha May hsaemaned Bemithopressiee ghambsud 0 anawebicsuladd and
i | d Lk : J i 200 Q0A d/
oot roul at od vl AR itpY b ARiEE SR A OSSR e

(dense- phdfe @0Rtheampjtemcli26. and waste matter) is renoved fromthe pressure
chanmber 410 via th? | i ne Lzlﬁ..dA% di scusw bcgl ow, CO2 may be_ _w t hdrawn
fromthe pressure dRERESFSSAEA {drnse-Praselkyadiungts andwasls Baker) issampved, s

(i ncl udi ng t heroRf @8 prHsturt BRERES: 448 Qla MBYnDE1H! WS Lges 15
with pure |iquid or%’supercri ti éal COaz fromtge t§an u%?&b%ﬁ(@?gf& :gﬁg st eps
of optional | y vagrapin{goro ke pressure chagiber 49 toharieiery mak. Fhe piB2essS3 to t he

wafer (wwth o 1 .conduct i and r vin t he process
fluid may be ?%%?gg@ﬁ%‘g 1‘%%%%?@&?*&‘8@8@?%9‘&5&%1&? %ﬁéﬁ‘%ﬂgf& more fipgs
process fl§i dwith puesiyigd opfithefpiticAl@O] from thd Agkng. fluid (e.g., a co-solvent

or 20 surfactant) |s gi}spensed fromthe. supplies S1, S2, S3 onto the wafer
5 (preferably undéhe fresaing geps fipptineallypalyingenscor moeof thErchemistisur e

chanber 410 a . sl isng. the. reclircyl atian pat hway)
are ther eafte?gﬁfdgﬁgg%g? ek V@'ﬁg{r%hpﬁée&?gh%n?pg% %éerﬁwﬁ%cts and
remai ni ng r eskiguyescesd fluidonay besiepédted ab riesdeds dbllowvingthe fRBPCPM 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 the process pathways (including the
recirculation pathway) are thereafter 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 superecritical) fluid is used to remove adjuncts and remaining
contaminants from the substrate. The flushing dense-phase CO, may be
reqirculated, but is finally removed via the line L10. A final rinse of the Wafer 5
and the pressure chamber 410 is preferabiy conducted using pure liquid or
supercritical CO,. |

30 | Thereafter, the pressure éhamber 410 is depressurized and the wafer 5 is
removed.

Preferably, the apparétus 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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25 (liquid or supercritical) fluid is used to renove adjuncts and renai ni ng
contam nants fromthe substrate. The flushing dense-phase CO2 may be
recircul aweds/ssei s finally renoved via the [ine L10. A fraralsoeis®e of the
wafer 5 and the pressure chanber 410 is preferably conducted using pure
liquid or supefsibll b&eeikou P . Ois
depressuri zed_and t%e waf er St?g_o Hfighrr%\g/g%@ﬁ%rg?ﬁ?%%?%%}ﬁggfgggpa%ﬁé 10 is
operabl e to afppyocesiclypd srwafsr nsing thefspranménaber 480 anitinereay hhben1 90 t he

waf er surface . SUr, f.atxlgast. 4 si, and . nore -25 WD 03/023826

PCT/ US02/ 2400?%&612(5%%@2%%&&)\3@&@6 1@%8&?"%8‘5?%’5@ QﬁH‘bSbﬁ?Egﬁ%‘F SP'fhe process

may i ncl ude appiyeriP0 o e mmﬁ&@béﬂwz?iaﬁ@th%fl@k (E%'rtge &mﬁkgﬂb%zﬁﬁﬁber 1390
|

with the spray_nenber 190 rotating relative to the wafer. ther’ or both
the spray ) nay bg rotatiepallyskiyen. nenber 190 or the spray nember 602) and

the chuck (e.g., t C . 52 be rotatignally driven.
Moreover, a flow o Eeﬁg%ééggi%o&pg&%sa@ IE)lg ﬂgafygr(figdgﬁggi?%g%g ﬁ@’a%ég@yS by

f eedi ng t he peediag thefprodess flniddntohie chaatbeen1 6+R a\bal RoARAE. NABZNB AL 0. . the
nozzle 191) mﬁﬁﬂ\wl aneoulsly removi ng process fluid through one or nore
of the outlet §mCJi$?1§e.°}15 ¥ REnPYIRG Propesstiied fhrerghl ong, ormpage f the outldt, and/ or

the I'ine L6) 1iBked o1 8Bl  }0ui e RAEAIS 010, LugRSL ARl £) CpREQUJe such 2

fl ow t hrough the chanber 410 at a rate aggt t ed
above, thé prtbeepmrates/10 isopembleso providensmoh s lfpwolitighghd dlendrnsid ® 0f t he
CO2 cont ai ni ng prog{as fluid and spraying the process fluid onto the wafer
5. Likew se, TF ¥R eﬁ&s@%dul ation is acconplished using the pul se 15

generator 102, a fAowwef aHoRE; e ﬁf&ééﬁéﬁh@lﬁ&@ﬁ%&%@%@eﬂo-”Hy be

provided at the sane tinme as the density nodulation. 5 and/.or the
spray menberdensity eofihe 602 soniriningmaocess fluidend sprying thepobess fluidentd ieegoi ng

st eps invol vi Lcal: f_chenm stries, th chenm strjes may be any
suitabl e chen‘?%ﬁgll'%&Q‘Piﬁé’plgﬁei%(%‘?ea?lgdﬁ?n?nsls8‘6%%1?%9 g thgpulssg ¢ he

cheni strilés nmyeratos l02ie fow sHihe pRicess Buid Hiabt@hs chiRBG @ADLy ichel ants, and
conbi nati ons thergﬁof. Not ably, the separate T]ow paths and/or flushing
means of t h@TeVEs ¥ihesameinns st density maodwiafiope Ths aviferd ardfaithe spmay

effectively aatnpdnop AR e RlRuBRERS fhgsst © the chanber 410,

In each of the foregoing steps involving the application of chemistries, the
chemistries may be any suitable chemistries. In particﬁlar, itis cohtemplated that
- 20 | the chemistries may include co-solvents, surfactants, reactants, chelants, and
combinations thereof. Notably, the separate flow paths and/or flushing means of
the chemistry supply system 120 may be used to safely and effecti;vely add
incompatible chemistries to the chantber 410,
The apparatus may delivér process components in different states (e.g.,
25 liquid, gas, supercritical) to the chamber 410 and may allow for components in
different.sta‘tes to coexist in the chamber 410. The api:aratus 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
méy deliver a secondary gas such as heliufn, nitrogen or argon from fhe secondary
30  gas tank T3 to displace process fluids during a cleaning step and preceding a rinse
step when either liquid or supercritical CO; is used as the primary process fluid
dﬁring the cleaning step. The apparatus may also provide heated ScCO; (e.g.,
supercritical CO;) at a temperature higher than that of the primary processing fluid
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The apparatus may deliver process conmponents in different states (e.g., 25
| iquid, gas, supercritical) to the chanber 410 and nay all ow for conponents
in diffewenis/esates to coexist in the chanber 410. The amEaresorg40v8y

provi de heated CO2 gas (e.g., fromthe tank T1l) to drain or flush process
conponent s flwﬂhﬁb@ensﬁ&mﬂﬂnﬁmrdsb&feﬁrm&arylpmbsﬂ% Sigpasadsd digplacgui d CO2.
Alternatively, the apparatus may deliver a secondary gas_such as helium
nitrogen or AFERSESIRE HHdE pReIASAeRE Siem BubRRor i AInFg siep Iofi cdgsnigsisPeocess
fluids durin s océc%i\jli ng step and preceding a rinse step when either
liquid or super(?rltlc?al CQ2 is used as the primary process fluid during
the cl eaning step. The apparatus may al so provi de heated ScC02 (e.g.,
supercritical C02) at a tenperature higher than that of the primry :
processi ng f1SUNPIV/DecovgRVFYstem3gos PCT/ US02/ 24003 but at a density | ower

than that of the ' | fdodi; %ﬁ&ﬂ i i ng
fluids after a cl ?}ﬁﬁgﬂg{%e%%’%ﬁ?&gﬂjgg 1?§d ri r?tssgplgiyéga/?g%c}é?éegﬁl?%z st eps
usi ng ScCR2. shpPyiDyandéc obeniytry iosthe wictinag pumeby / Aethe perogssspyreteeds, 300 i s
adapted to supply. and/aor recycle and re-. s and/or chem stry to the
cl eani ng pr oé@g?.caaswklﬁ@ 1B§to)cf§§ BmﬁF%@é@ﬂ’&CHﬁg %ﬁ@gg@ew gre e FE¥HC The
process may |dpeiBees AL ﬁﬁsﬁﬁﬁé&&dm@&&sﬁﬁ&dﬂﬁﬁﬁ&%&,m%ﬂé@zﬁén &lle1 s

pressuri zed and depressurized many tfinmes in succession as the 10 substrates

(e.g., wdPler substemtesdv.gd Wafers ergimaeved ticorgh thedcOpbased picaspingpauipmsnt)) .  For

opened to"r orkst Sxabiey B Vil & B R RS e PR YT R syst om
in the wast &pshéERfeihbad ardseslaed weldrd rSvind 00, SHIsbevst Potashadiisiead inanmount s
of the CO2 w |l be contam nated or otherw se rendered unsuitable or
potential |y Uhewestgsirean et ipsiraiped e thesysiey| Auhssrtiplaeangts efiee GPacess

| oop. For thesq e Ly J Q I .tional
G2 to repl ot AL Rp TR SRR Rlated o REFY pE MU G iR Blan B 1 10
desi r abl d5t o fushstakerdil®Rioashroedt tha prackestiosp.r Yof theserreassas, iitnis nedessamppar at us
10 or el sewhere., 20 Stoc 2 S Wth.refer e to Figure 7, the

suppl y/ recov@9"199§?%ﬁq5§gﬁéaﬂﬂazggg%r@&ﬁ“hs%ﬁggﬁ%Erloyl %gﬁ?(fcﬁ?e supply 312
may be, for emdm&&ugg%a%gg@hﬁ%w@r@éﬁl@cozmalLwiehfistgwok RAGE /  car boys

of sub-anbient |1 qui supply systens of sub-anbi‘ent |iquid. The
st orage met habe pprefanabd or edsembers. f or supply of either

20 Stock CO2 supply A
With reference to Figure 7, the supply/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 COa.

‘The supply 312 is fluidly connected to the process chamber 410 via a line 4

L17, which is provided with a valve V11 to control the flow into the pressure
chamber 410. Preferably, the system 300 is adapted such that the CO; from the
sujaply can be delivered directly (i.e., without aid of any fluid transfers devices,

30 ‘~ pressuriéing tanks, or the like)into the pressure chamber 410 at a desired pressure
(preferably between about 15 and 50 psig). The supply 312 may be from a gas or

liquid source.
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25 liquid or gaseous CO2. The supply 312 is fluidly connected to the
process chanber 410 via a line L17, which is provided with a valve V11 to
control twe d3ss2snto the pressure chanber 410. PreferablpcT/tswe2s003t em 300
is adapted such that the CO2 fromthe -supply can be delivered directly
(i.e., wthout aid(@¥ asppmipanlyidistribntsfl dosindestiidlend c3nprdasses @igndosdnks,

or the like) i t he ssufre cha r 410 at desjred pressure
(preferably bg[?c\g/cvggsrlf1 %’%B S(i%r{)% O%gPE%‘feﬁa)g.esﬁ%gg‘E?ﬁ' g1 RRRT5ePTId B M a gas
or liquid sougeyesnot 2&%&%@2@&&%&@;&1&@9@&%&9&&&% sﬁ%tr&t@@mnl y
distributed for industrial.and comrercial uses (e.g., od processing such
as car bonat i ofroSMeRlV.cvel 02 svrplies tshule ¢optaminantt-such as prganic atatetia)s, i ce) i s

not sufficken : r._Qr in f mcro-=elecitronic bstrat es.

Conmonl y, ssuc%h%bg&g%gﬁté}eag ip%%%ﬁ.%ee Ig%t%tra:%cﬁé I@%ﬁ%%”éémb? X material s,

5 ot her gases incliearpuaifidatiat friiC DY devesR tHeafupp KA THH A MresshiR@ranstem 300

may i ncl ude a#ﬁur ficatigon unit D between the supply 312 and the pressure
e

chanber  410. urtication suit Dils opyrative toparifi the £ Q.cupplyits thetrbpide?

supply to the LS| : i I i and. pur.ity.. t hi.s manner,
he pur {1 cat P aa e lofithd ke, £ GRS R o Wi BF sbebiy

i Rdyst rial ar ﬁm@fﬁéﬁﬁye msie@ﬁé@d g?deomég%lstr@ﬁﬁ ghigle cq?z iHeradyl ﬁbtvn@,%cs Bty

chai ns an istributio ains for. : e purjfication unit may

i ncl ude ‘og% oFXlﬁ%‘?gesuBP{}t 1f 3P4 giRribytiog ghains g’ércqfr ltering gas or |iquid
C02: 1. -Distillati QRe pilie: fasen roa
gaseous portion of _.t?}g sugg%}lﬂ%i’)é%?d{&%mﬁ%%g eﬁlgr a\/\n,yﬁo(%l?}*’g@,ﬁ{?esocat ed
15 to a col | efrifdisringgamer leguati €02:condensed; 2. Filtration; 3. Menbrane

Absor pt 1 on/ adsor pt  on (& Bitiiglis: 8 Ebsimad by Lt B adestoss ewpiser o
nol ecul e si ze) . ZOﬁﬁ%myﬁ@i Sthd Suphey. | Nﬁﬁﬂt@&nh?ﬁe BFRGE BSiled2REhcafERl €
e

parti cul a{/fléy, to t pressure chanber 410) by  introduci ng additional CO2
into the

por - savira ¢piiestigpyplume sedizeseondprsediv. Preferably, this additional
C2 is first purified usipg.ga;,Purification unit corresponding to the
purification unit W 25 ste stream handl i ng.

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

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

purification tmit corresponding to the purification unit D1.

25 A Waste stream handline

As noted above in the discussion réga.rding the process, at various times
(including, typically, at the end of each run), processing fluid may be removed
from the pressure chamber 410 via the line L10. Such fluids may include liquid,
gaseous, or supercﬁtical CO,, chemistry, and various contaminants (e.g., particles
30 dislodged from the wafer(s)). |
The system 300 includes a IoW-pressme tank T2 to receive the waste

stream drawn removed from the pressure chamber 410. The tank T2 is preferably
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As noted above in the discussion regarding the process, at various tines
(including, typically, at the end of each run), processing fluid may be
renmoved Wooosviks26 pressure chanber 410 via the |ine L10. SwahusSokaéms nay
include liquid,, gaseous, or suger critical €02, chemi stry, and various

cont ani nant s Fainipined o apressias of Bgwern phsngambienband HWOwpst ckiesyojumedfe syst em

300 includes @chkwpr : ' ste . strea awn
renoved from-t ﬁe pr esgﬁégéﬁﬁﬁgc}alﬁsl%ge#ﬁg%gﬁﬁé %h%reﬁ?ué? gt?aélb enhﬂi-"ZS WO
03/ 023826 PCT/ USO2DE&668 compositiaisnaay bt expeledinshic @nkfT2) et whieh cabed anbi ent
and 3000 psi. volune of ., the tank T2 is ferably at least 5 tines the

Th K
vol ume of t hel?pf g‘géﬁﬁ Seeenifgd ﬁrd?’&ﬂ?kft%n&ﬂ"g@%é‘gﬁ@ thedankal2 isdessxpel | ed
h T i i i [ tipl
to the tamk TdaniHat Wﬁﬁ@sﬁ%&aﬁ'ﬁ%ﬁ%&é{%‘f ahd ﬂt%dl?ﬁg%&%aﬁg (ngtﬂgl?eor hul tiple

tanks. The pressure in the tank ess essure head
upst ream of apressifeushdmpercl®morthatahe pgssnire differentipl forey tie wirtadhieam4i- so t hat

th L ff ial, f h t into _the tank T2 f
the bressur o BhiATEA B e MErar oo R bk e Lk Peh pamerce e oyt des
the pressure fgdidestBe phaturd ﬁed?iﬁdmhﬁrnoq{uﬂﬁf om}%cﬁ?gcﬁ%gbgg id réglﬁf'eﬁpi red.

The reduction in pressure of the CO2 as it is transterre romthe pressure
10 chanber 410 to theaeduptin pressprdef the £9:tas itfistihdiferatframb peisore.

Super cri t4ncal gy S Ld he.expanded t hrough_a press
reduct i onlogev?hémé% fre‘.ﬁéﬁ?%ge %@%??5?%/%1}8%%0@“@?% R 5E ’tog' Sup G\%ﬁ’cag&é%sur e.
At this | owerprpeessfitidenayinrpeasdidthoiich Bpresiie ¢@RRiing délist @ o & @nirolchem cal
adj uncts or entrai neig contam nants) na render ed i nsol ubl'e, thereby

1€

e
facilitating Yhe BOrficeHAR lQWprrasstes Afrthis hewenasessured caBpaenisafitient o a

light-fluid %giﬁgﬁmﬁ@g=?B.Q'§&¥%§,‘fj‘l§wtsd°f%%ﬁ &'Q{%@% ?I%%Ejgﬁgl o Stream A

|
supercriti cal pr oces's so be exgan pressure
reduction to rehder¢dinsqiialeghérieby failBatingahe affiofent bepaphiag@f dicagpadtded Thi s

- bl th tati i ff t fluids in diff t
Caament odSvol teat TP adiebhnfR 20, S S hbry-Soe (asolile) aliema oy Rt at | on
may be advant ageoyssiRrcrfiiehll @o;?:;e%sfgifm% Bia¥ BRo %@ @ﬁgﬁﬁb?%@&%@oﬁ@wﬂ e

streans, which nmay be nore costly manage than single c ent fluid
streans. Segriefticton enthaayo-ahass ldauidiGastarea of thd pliasa tliagrannf Thik staiylehatié on f or

ti f J b Rge f 1 Ui t .. ti f cop f
Cebycre fromihRERbREeE st Ml boe A et F el SO RS B Sposal )
. 25 At 1 |t qui d dividebtask bt iuliipd faflan SuRY sEEmantRRMdasy BOAIABRLEShs kO cdule

gas-sta 30 :

mitigate the generation of mixed waste streams, which- may be more costly to
manage than single component fluid streams. Segmentation may also enable the
utilization of distillation for sepafation of the processing fluid components (e. g,
~separation of CO; for recycle from chemical adjuncts and entrained contaminants
for disposal). | ,

25 A liquid process fluid stream may be expanded and heated to the gas-state.
This would allow a continuous distillation-like separation of components (i.e.,
evaporation of flash evaporation), for example, as described below with reéard 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 .29 (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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This, would allow a continuous distillation-like separation of conponents
(i. e., evaporation of flash evaporation), for exanple, as described bel ow
wi t h regaw d3me3s2di stillation system 340. 30 Recycling andcc@medoenens The
waste streamreceived in the tank T2 is thereafter transferred to a

recycl i ng/ abaprefesably sansfareed Wing anmnowmethanicp] means 39cl stpressuiesdiffersntialed wi t h

a valve V12) t rred by neans. o unp or
the |ike, butar%dg&eg_r%@v\goag %@%%y% EE%%?%%&?&H SHIFETE ‘é‘t}W{angﬁsferred
usi ng a non- niaeRandyCkl twokd mIors sefaras linsseklivértngtht F@pediveabparab@bedangr avi ty.
To the extent the waste stream has been separated in the tank T2, there
may be two of fopstraraiehamdbng by theawttfd0; Vdessreams maydsdesetodand disasted ed

streans fsr rg%‘ &E i Wwihd SRl L. 310.° These streanms may be
treated ansg d?j’ra‘ﬁeagfe B%ﬂ{tﬁgg%lyste ?n3 in the fol | ow ng manners:. 1. CO2
may be di sposed of thrdugh do®imaybedispesetiofithroigh ehntiolledigenting o | i ne L27
to a safe atnospheric. di schar nd/ or. collection for unrelated use; 2.
C2 may be direct | 428H8H13 %g"?iz?ﬁ‘éaW@é@%@h@%ﬁéﬂ%l@d/owoﬁqcao%qui ne
L22. The CO2 is prlg{raat@@h%e.purifi ed by neans of a purification wunit D3:
The CO2 as delivered to thé pressure chanber 410 through the 1line L22
maybe at greater than & nospl@ringy he disectiyepppliedvb itehpressaee dhambery410be. used

to perform or augnent ..th ressury zation. of t i n processi.ng . chanber at
t he begi i ng of e‘a%ﬁllB§/§P§_-; ﬁ%agzl%ﬁ%ﬁﬂ@yﬂén d:%'clfﬂg St a‘tﬂ‘ié‘% fi cation

unit DI through theit D3.Mend 88, asdelivRriaa teredsitedaiBePd RFGUEH gRanber  410;
4. Gaseous CO2 may be directed through a purification unit “D2; through a

| quefying unit 3umedRimay baiptgeaierthen gmespherie passdutehin wlgch tase OB gas) ,

and supplied to t 9@? ‘ f.urt her..yuse in the. 20 manner
descri bed above; QD% .ﬁ%kpr?ay Z"ygg %‘%‘gh%é%%sﬁﬁ%%mﬁu?fitﬁ? TAH BRUGHE D4 and
re- pressurized andhasbgpit ilecbdginninpeoftdagiheyul€ssure tank Ti through a |ine
L25 usi ﬁg a pressurizing deyice (e.g,, a punp) P8; 6. CO2 may be directed
via a i€ L26 through’a purGP1Bay Pafirecses tgrthe Pustfiqagon vyl Brtheagathe ank 320
as discussed bel oV M@ and thereafter irto the pressure chamber 410;. ‘

4. Gaseous CO, may be directed through a purification unit

D2, through a liquefying unit 314 (which adjusts the pressure and chills the
CO; gas), and supplied to the stock CO; supply 312 for further use in the
20 manner described above; _ o
/5. CO2 may be passed through a purification unit D4 and re-
pressurized and supplied to the high—pfessure tank T1 through a line L25
: usiﬁg a pressurizing device (e.g.; a pump) P8; '
. 6. CO;may be directed via a line 126 through a purification
25 unit D5 to a vapor saver tank 320 as discussed below; and 1
7. - Chemical adjuncts and‘contaminants may be treated and/or.
dispdsed offrecycled through a line 1.28 and in accordance with good

* chemical stewardship.

30 Vapor recovery

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

pressurized CO, vapor will remain in the pressure chamber 410. It is desirable and
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7. Chem cal adjuncts and contam nants may be treated and/or . disposed

of /recycled through a Iine L28 and in accordance with good chem cal

st ewar dshwm 033Q38Zapor recovery Foll owi ng draining of the mauwesg/24doai d from
the pressure chanber 410, a pressurized CO2 vapor will remain in the
pressure chan®&sn npeessany(io ramqyshis yAPW paied to oB0ingthe Bre8288 AGmPET ALBB2/ 24003
of ten necess 1S,V ior to opening .the pressure chanber
410 to reno\?%ﬁ}oh,gt%%g rg{(g((g')g"?’%?égrgs{?j'mfer(s)). One net hod for

depressuri zi ng t heOnharibed firsleprsseiting the ke el toUshNBe dharkiR gk hed

rel ease. Alternatjvely, a conpressor or punp may be used to draw 5 down the
pressure in t%“ﬁh@i@{ﬁaée-cfh]éwﬁ}ve 6 COTPRECSPAT S PUMP. mayf be weed @Caway al so be
reduced. Usi NGk @R Bfeskite WAL Yoo LEMEAZZ1gNY Method as fol l ows. Such

nmet hods and apparatus nmay enploy Teatures and aspects of the nethods and
appar at us di scl osedhe pressuie ofthe €T meduiéd SeteiiatedSeing MNapoPRbdRdy 957, fil ed

Septenber 24, 1999 and .in U S tent 10 Application Ser. No. 09/669, 154,
filed Sept entfgﬁt?%%ﬁ?@é@e%d\ﬁéégﬁo‘i”% _rWﬁg%ﬁﬂ@néraPWé@é ey £8Wlasont ai ner
322 is used t@athpﬁglagaxspeg@!ggglreqrtél%gds%gQigg%tggﬁgi&g%gﬁﬁ%ﬁg@a@ntt the end of a

process cycle 'through-a line . Tr yprcally a gas or
supercri ti calApplication Bert Nee3p/404,967), fikpdiSéptepiber M 1989 aad & UtSheateent i ng i s

ot a aryS; cefiBiiconSb R Rledo e ARTRE bR RS DB a0 . TBe O
depressurized verya W@;}Kﬂrd&dﬁvg@d&ﬁdﬁﬁﬁ@a@bﬁi@ﬂ:wﬁﬁﬁm‘f 3 ﬁrdsﬁggﬁ{nlagﬂ( i's not
0 evi c

constrai ned by the volunetric throughput of a nechanica e.g., a ..

conpr essorFFPUThEeOy fypisello 8ag oreS GEab therand of @ pyodeandycBoBraugh phimker abl y on

the order of i FES: | une of the.pressyre chanber. 410. 20
The capt ur ed % FJFrrﬁlegfyéélg%Ieggj'ladsnr6 133%%81&@&51%& .S‘%Pé?a"ffﬁaﬁﬁﬁ@‘ﬂlg’ \aq{gyagg;%ﬁdgqm ) it
may be di spogedwhich chreothglvemingiin ereftdblhd@oni thedhovidhVer thd/dmRPd (Pfoef er abl'y
t hr ough 2 surgew&ank 324;. b) alr?,i,n the line L21 and surge tank 324, it may
be recoveéred 2vaiddormatipa of goliddry ies)- iimthisvanmsr, the prossue Foambes 440 max e

Ch2-based 1118 &BreSiiPRELISY PiDiclyS heuRladbully RLGERRE ALBS (R recvele for

use in sonme other servi i
constrained by the volumetric throughput of a mechanical device (e.g., a - .

compressor). The volume of the vapor recovery tank 322 is preferably on the order
of one to 500 times the volume of the pressure chamber 410.
20 A ‘ The captured CO, may be handled in any desired manner, including:
, a) it may be disposed of through a line L.21 having a valve
V10, and preferably through a surge tank 324; ‘
-b) using the line L.21 and surge tank 324, it may be recovered

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

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

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

30 d) it may be used in the next processing step to pressurize the
pressure chamber 410 (which may be a prerequisite for pressurizing the
pressure chamber 410 up to sufficient pressure to effectively add CO,-

based processing fluids).
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c) it my be recovered and recycled for use in the same application
(conmpressed and/or liquified, and/or converted into SCF) and re-supplied
to the prowesansgesystemor to the CO2-supply system 30 dcTwsorayobe used
in the next processing step to pressurize the pressure chanber 410 (which
nmay be a prerequi siiee'apey reppvessisicrl mgy inrdudery eommessoc RAfyessistibg thp t o

W0 031 033826 T ULbaTsRo0a eyl enelte ARSI R el

conpressor PFokexaraplej stthagndidfe processinecydd, titepeiduad cHabiet 4108nky BSHUT €

chanber 410 to .the vap recovery tank(s). For exanple, at the end of a
processi ng cb’é@bl?reﬁsh‘ée %E%%aé@évwamuraw FeRergdical tuig; I P éesiaire
(C02-gas at r MWRERSE bd biCal i 0O <P (psia) < 5
3000) andgt h\g@gg{)aé’?trﬁggﬁ"gf%tvaﬁﬁ nayg}l;o%é%ttcaalgv{%r\g\/ésg%eéégﬁfd@% n order to
depr essuri ze dehesqurizs sher presshrendhembe U1 0tto adow @wg(, embient)Fktis@Btvirydr essur e
very quickly | ow open he chanber and renoval of the

7 TN B b -
substrate) wWHHEY € RIPHOPRENG P 1he chpmberandgemoyal of thesubsistm avhilenny be
equal i zed, aRgvihBeRd mAbrity GAAPEOS SR tviYhaRE 9532 fromthe
main 10 pr ocess?ng %ﬁaﬂ%’er to the vapor-agg)\?iégﬁﬁtg%thg;e an e(g?&gthggcz:ond vapor
recovery tank may be usgd (e cgmpréssor masbosunteddo pasinaoy GO, fagathe mapi dl y
equi l i birge and additionally.lo the pressuyre of the pressure chanber
410. A cghpr essor pﬁ%@;s%p%gh%rébeﬁggtéey@oggﬁﬁ;éa#%én terial fromthe vapor 15
recovery tank(s) betweey) the seshdahpst rbkdvety faHR ndfytheligd &7y iaf the next run
at which tine the vapor recovery tank(s) nmay be require 0 be at |low .
pressure agai n. Tifascadingianagr) GrpeairaipPisey pambibuate dnd addifiondllyt lowentener s .
descri bed above. N [ at various valving and fl ow
control apparat usE’%eﬁwggg%rg%&%%%éggiﬁ%strat ed may be enployed in the
system 300. The vapcomprasser mag@lssps uest 320mansltHeigateiey &Fod theRbpsns for
handl i ng %he CO2 from the wast Stéq?ar? of line L10 are independent and any
may be efPm ROy bW et ARG 1St roaeadl taiendrofdhe Bt fueat MGl i cat i on
units D2, D3yl IRV oSO Mef ' | fas j.e., may
use any of the me%%%s I%Ost%%@\?@aﬁ&ﬁegﬁiﬁtq%ﬁ?&P%P%u?%ém(#r?ﬂr#enbrane
separ at i on, afpiuEd$EPpoaobd bahdtedpt agndf thémaanem|desaribad bbsvet 0 25 t he sever al

puri fication uni t5, By, (B Dl FRae 9 0YatlBl Sadlnob eS8 PATLELSAL on

addition to thgt 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 1,10 are independent and any may be eliminated from the system 300 as
desired. Each of the purification units D2, D3, D4, D5 may correspond to the
purification unit D1 (i.e., may use any of the ﬁlethods listed above - distillation, -
filtration, membrane separation, and absorption/adsorption). As an alternative to
25 the several purification units D2, D3, D4, D5, two or more of these purification
' units may be combined so that the respective flow paths each have a common

extent through the shared purification unit and thereafter divérge.

" Pressure chamber assembly
30 . With reference to Figures 8 and 9, the pressure chamber assembly 400

includes an upper casing 420 and a lower casing 430. When in a closed position as
shown in Figure 8, the casings 420, 430 define a pressure chamber 410

therebetween and a sealing system 450 as described in more detail below seals the
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units may be conbined so that the respective flow paths each have a common
extent through the shared purification unit and thereafter diverge.
Pressur e wioasiess2assenbly 30 Wth reference to Figures 8 aud/@so2iim3

pressuré chanber asse 400 i ncludes an upper casing 420 and a | ower
casi ng 430. %@Wb?rrfﬁé?%%@ apﬁgﬁeﬁiPBﬁuﬁ%as desvintHewregt agap of pRROSedsi ngs

420, 430 defi g&p}lgg)ﬁ GokGy Iy nd i ystem
450 as descri be%I iﬁfoﬁ%?rgmgdet al bgll1 ow see%a{ggl"t? Egé’@q\(}\%%g%%g%g%@&hé
PCT/ US02/ 240Q3singduitth 30.4The cldinpn 4#thcan el dispdaked ds bllownhamsmigodn, 480 Fi gur e

8, a pair of opposed. ¢l s 440 surround end portions of the casings 420,
430 to limit tgggac;pg{artgcﬁmgq%%en%oatfpﬂégs LN dgUTe e ¢l anps 440 can be

di spl acedsto allow the casings 420, 430 to be separated into an open
position as shown in Figure 9. 5 Guard heater A guard heater assenbly 460
is disposed in thesedrditpater410 and i ncl udes an upper guard heater 462 and

a |lower guard heatgr 472. The quar eat.er ssenb 460, def i, ne hol di ng
vol une 411 bet WeenAe gﬂagg-ﬁlg?;\t?lé?ség&@i%ﬂﬁélswsig“b?’ﬁtcb%mmr ‘gﬂlﬂ?ﬂ lrﬁ’i‘@%? s
di sposed in tdapper giafDhes@druee afd & BRI Waerl Hdifr avar The beal BE8e462, 472 and
is adapted to support the wafer 5 for rotation about a vertical axis

bet ween. t he agteartly Aehdefines adplding volune 4pt hotwesnithe heptros 462, ABunfed in a
464F t . t i t fluid th h
Doosl o5 05 Gk BAcRER f AGAEL nihEnAIhMARRE RS Bl il [ (1000

430 are pref areaetsyd6Rad?? amd ik adagtyd focupmst BE veifad 1fce s6tatbesout OFerditdler

sui tabl e netal, :Passages 422A, 422 422C are forned_ through the casing
420. Passagesaxkﬁ?fm’ee@gh%g“% ?Eatéﬁsé‘%;’o“ﬂﬁe& AL sHbeRdO¢ anomptedIna As best

seen in Figur 7} i 429 Haas: #92 AR : ﬂégﬁhyg an outer,
annul ar receg(s?os&é?éltg ?ct)l?@rr@o&?ﬁer ein arnd d%?i m%%t%flfrt\3 glg%t? y a \'/lgtr%ti cal wall
425A. The casioage21924300 Hweswarkingmucther SA bfithgevaf82 wi t h an annul ar groove
435 for t her ei The f 434 has.a vertigcal, .vwall, 4A.. The casings
420 and 430 nave duGaTRE AAhAS &% brrahB fech boBdiy SR pTRgRlest Mool
respectively.or WiehsihRI BOGE PRsdpegurns 420B1422¢ b f4RREL t}w@hdhéﬁ&@ﬁxgr 462
includes an interior nenber 464 havi ngg% top wall 464A and an annular side

wal | 464B. A 4285 Payspeesi 432043 ThaAFRE) arg Bemetl shrovglhe daping H30.t pbeshl | 464A.
An outer pl ats@enAiga?igure 9, the casing 420 has an annular flange 424 with an outer, annular

recess 425 formed therein and defined in part by a vertical wall 425A. The casing

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

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

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

25 spiral flow channel 466A is formed in the top wall 464A. An outer plate 467
covers the top wall 464A. An annular surrounding member 468 surrounds the side
‘wall 4643 and defines an annular surrounding channel 4663 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 outiet 466E

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

retained (e.g., by an upstream nozzle or screws) in a groove 464C in the top wall
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covers the top wall 464A. An annul ar surroundi ng nmenber 468 surrounds the
side wall 464B and defines an annul ar surroundi ng channel 466B therewth.
A channel woiB@ess2bui dl y connects the channel s 466A and 466 T/¥sv2i2mloet 466D

inthe top plate 467 fluidly connects the passage 422A to the channel
466B, and an4dA. Bhe mggles 362 pf ﬂie@psaymm@étlgﬂ Pﬁé%pélé’wg%e@ZBth% t he
channel 466A, e er—Rpl: 4 t t he
interior mngaes;gggfégﬂgy Tmhglltgféﬁ%r, rﬁ% %g&?)?gh%@ g%hleaéég%ﬂfr&%n@ t?rg%éoﬁﬂ@g ext ends
t hrough an opanid4eg aktrdfeiablyt foemoedibestainlead seel 6 Thapdard heateed62 meybd €. g. , by
an upstream nozzle or sqrevvs%& in a groglve 464C in the top wall - 3? WO

03/ 023826 PCTycusdae themosing 480y sqews Matsmadl siapdods heldingdhe sgpewealier 190 are
fluidly c nngl%t‘ﬁa(jlsto the passage 422C. The interior nenber 464, the outer
plate 467 and thé€ surrounding wall 468 are preferably forned of stainless
steel. The guard Kaaireferéfe2 torRigures 13@uiide thetlowthguaedbearg 420ndhydescr ews

with small standoffs hql ding the scre off of 5 the Ils.. Wth reference
to Figures 182 mﬁﬁlozaqemh%47%%é{]ﬂg%§?fcpﬁsé{7éﬁe%?ezl %%F%%é@eldég\!{oﬁt erior
menber 478 a e0 gfaeraham é&é@%ﬁ@ﬁg{é&%{éﬁ%ﬁﬁh@aﬂ edfiff €xanple.

An opening 4 xten through the outer ate an opening 476D
ext ends t hr od%6D ekiendsrthwuglo thenptebior mém®er 478s A spital floswehehsel 4E6A4576A is 10

f dip the i i or_nmenber 478, An _i.n| et ATBB i t | at
270"t P y Rt e RO et e aa oA Bl haRaRn B B iR 48 oui Per
passage 476§ufd1§l&d$hyct§ﬂfargﬁ§4age UBEA BRSeBARBLT A QntikA oill&Wasaganel 476A.

The interior nenber 478 and the outer plate 474 are preferably formed of

stai nl ess st 4&C fuidlyednaects thetpassage A82R o theilowehangelidadeThe Irteriery be
dtoth i 1 j t f | di th
sorove of f oftepigt 4t Re Bprtat e e WeldhRnc FRARIGS SOLH 09 110

surface areaoflier Suitablegetal. iThe @ubdheatet ATBmdY Ye séamgddg theicdsingais) biyo vol une

ratio of at least 0.2 cnk/cnB. Mire preferably, the guard heaters 462, 472
each hav® a serpVawéhsmall stapdets) heldng 4 serayys offef thea¥allibout 0.2 and 5.0

cme/cn, and most pRyalay abk ek rRkeNed, f70Rh 6 o 80rdS atlh3camed above,

the tenperature o nvironnent (1. e., e champer 3’410 and the
fluid(s) thetimtenpr', snvardlydaciing surtasas) o vblethedatio ofjatdenst Batondlem’. Marecl eani ng

and ot her process, .steps. e te rajure, in the chanber 410 is ..controlled
oo the DS B Bard BeabS TEL Ak bl { FebRRARS o LB it

Eﬁrmer i’it ;Jr e GeMetRhbdut bRniS.0 &h¥/esticad ndif pregfabiier Bus 6Genf22A, t hrough

einle

2

As discussed above, the temperature of the wafer environment (i.e., the
chamber 410 and the fluid(s) therein) is preferably controlled during and between
the cleaning and other process steps. The temperature in the chamber 410 is -
controlled using the guard heater assembly 460. More particularly, a flow of
, temperature control fluid-is introduced through' the pas-saf-ge 4224, tiuough the inlet
25  opening 466D, through the channel 466B, through the passage 466C, through the

passage 466A, through the outlet opening 466E and out through the passage 422B.
In this manner, heat from the temperaturé control fluid is transferred to the guard
heater 462 to heat the guard heater 462 (when the fluid is hotter than the guafd
heater 462) or, alternatively, heat from the guard heater 462 is absorbed and
30 removed by the fluid to cool the guard heater 462 (when the fluid is cooler than the
guard heater 462). The lower guard heater 472 nday be heated or cooled in the
same manner by a temperature control fluid that flows through the passage 432A,
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25 opening 466D, through the channel 466B, through the passage 466C,

t hrough the passage 466A, through the outlet opening 466E and out through
t he passaug® 0822826 | n this manner, heat fromthe tenperatwa/csmbems fl uid
is transferred to the guard, heater 462 o heat the guard heater 462 (when

the fluid is torekthe ipehpreniae uaBdthrongaths cheansl 45pA, Broughibe Pty heat
fromthe guar i %p?,grg a 30 renoved by the fluid to cool

t he guard hegggr %%?C(’C%ggnﬂrtéﬁ i%gfé:m%zoégol er than the guard heater 462).
The | ower guard h&aeampti2umewpnbiel theds mdy be acpsaiimtilei ftuid, peefemblyen manner by a

03/ 053326 PCHALKDSISHIB SIS U Fl STHAEE Ei5h P POBLI PRIt he
channel 436Aqf(af0Wei & éﬁ&&&&%@@féﬁ%ﬂ&o@,@o@ﬂﬁ%ﬁ H (gﬂ;%ﬂﬁlgﬁid%assage

432B. The tenperature control” fluid e any sulita preferably

a .liquid. 8oddipbenyl) Dewdlernni. ((didchieobenzent)hmingrad ogjl Mobilthepnopel yne
glycol, mxtures .5 of ter Wth ej r. et hel yne or. pr.opel yne. gl ycol ,
Dowt her m A (E?‘BH’&HWH&?%%@ Hﬁ&“ﬁ%"ghgkgﬁﬂ f,*%%‘%%‘ﬁﬁ?ﬁﬁ%ﬁ“@%l’&%@ﬁl’& enzene),
mneral oil, wyhlirkthieeoftrglomRadirt @ JWASIBImRtdrd of WheF Md\@helHR digbdior i nat ed
bi phenyl ). Most rﬂpref erably, the tenperature control fluids are a 50% 50%

m xture of wdihedluihaarbhbdajadbypnysyitable means sughds paylebichgastfirdd by any
sui tabl e a i C -fi ..Qr 10 steam hgat.ef.., The fluid
ay be oo oaea R SR By HetoofA bt Slcfle a SR R bl o L Y

vapor conpr esei exampi{ of @poAtdrapretsiqtretiigepat iRy S oneaporatve tJpe guard heat er
assenbly 460 and the casi ng{s 420, 430 are spaced apart to define an
i nsul ating gap 4700 gesdbetigicassernhly468 apd thermasiags 420G 490 prspeacedigay trur d

heaters 462, gdg2. ad\mgxg?tnﬁgrgagzwbawgbet@@ed %@étmlgaeﬁvg}lzgeg d&gﬁf&i ned

bet ween the 15 outer ate 467 and the adjacent surfoun _portions
of the, casi nfjezteR 462,72pMdre patiicylablysarainsmldtidg gap. 478 is defihegl bemngeapahe 470B i s

defi ned bgt t . || 468 t he adj t, th
Casi ng 435 aRBeRREEAG A e An! Sonndie A papiors GETIootaE PALa et voen

the outer pl @i&eﬁgﬁ}ﬁﬂguﬁdﬁ&dﬁﬁﬁmmn?'gﬁﬁQmimm%betﬁ%ﬁﬂ@” of the
casing 430 and has a width C. Preferably, each of 20 the wdths A, B and C

is at |east ouoyndingvpalbdq¥anddhepdigcentwel obthetdasing#a® hnd tes a BidgnB. C i s

bet ween about, 0 . | 1 he

i nsul ating ga‘ATc])1 ]ﬂ%&%%fjaggm lgggg{égz%gﬁe:ﬁgﬁ @sz%égtggzi a?%g’egm‘af%%ency,

cont IroI | abi | stuyounidihgneallifctidniof mg'caﬁ@%Mh?ra wikdeh Cf?ﬁéf&ﬁ?}l%@eacﬁbg )

|42;u 2; |2J21$ r gﬂ}p@( 4Zh% Artal‘)yaitnds(LiJ E)ss ;[.tewe;[slt 1 n%lmt I\%(r)rg%ret%/ra!blr}]f? gac%toef"tﬁe ve(‘fid us"’X, eaters

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 ﬂuoughput of the system 10. The insulating gap
470 may substantially thermally insulate the guard heaters 462, 472 from the
25  casings 420, 430 so thaf the effect of the temperatures of the casings 420, 430 on
the atmosphere surrounding the wafer 5 is reduced or minimized. Restated, the J
insulation gap 470 may substantially limit the thermal mass that must be heated or
cooled by the temperature control fluids to the thermal masses of the guard heaters
462, 472. Acicordingly', the temperature of the prbcgss fluid may be controlied
30  such that it is substantially different than that of the casings 420, 430.
While a ﬂuid flow heating/cooling arrangement is illustrated and described
gbove, other means for heating/cooling the guard heaters 462, 472 may be

employed in addition to or in place of fluid heating. For example, electrical
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25 casings 420, 430 so that the effect of the tenperatures of the casings
420, 430 on the atnosphere surrounding the wafer 5 is reduced or

m ni m zedwdsaka2ed, the insulation gap 470 may subst ant ird1/ysoki2mios t he
thermal mass that nust be heated or cooled by the tenperature control
fluids to thessisteaceredilsitags desigifedtin eadjata hentidiractlyr o the 6aferyimay béccor di ngl vy,

the tenperature.of..the pracess fluid., nmay be controlled 30 such that it is
substanti al | Qroafq%fié?glﬁtgﬂf‘rﬁgﬁa eFFaA{&og? "he casings 420, 430. Wile a fluid
fl ow heating/ cool iith referedid@ &TRizuré $8,d progsireddtamhbanslsaasisuobRhectiRge, ot her
means for heating/cooling the guard heaters 462, 472 may be enployed in

ad;ji tion to ts)raltemaﬁwae@b@iimﬁntﬁmthedmengiinvmioneixahmret;.hemﬁrecfha Calj -35 x\o
03/ 023826, P 03 i ' R i i
o oetry T o TreRR A0 aRke L aSRARR) o byl BRIEARARC” 505 "Wt

reference t oadskblyet6hR, theredf insladésanahaifipatyas a2y id 8R4k gcmerding to
alternative enbodi nents of the present invention is shown therein. The 5

assenbl y 400msslatipggap 470 thhegaarddeatery 4624472 may e isecurerkio thhimsyativgl heat er
nbly 460 i.pe i i A3 f th
cose ) o0l ol LA, LTS b2UBR S TR GG

insul ating | ayer ShelihtyladiBlaydrs dlil,a478 may beformsdofirgstalliae flberopalyinegs 420,
AR TN S e MG

ol ychlorotri I ; : VF2

(pol yvi nyl i dgt{gg(g?(? }"hu%ﬂr,liﬁ%g% dlﬂlzl-rggﬁg gglé%;a%%g{éi %@H?ﬁ%‘ﬁg&f]g’g;@giﬁ , 473 are
formed of bufdmedeEbullk PTFENVIRSERTHE aylglass-fillietl PAFEPTIEE. insthading Agyetsat i ng

| ayers = 471, ,47 e.honey- conbed, open cellular, or otherw se

construct ed 6?11,333%3&?@3)5}18865{%0@%%@ gwﬂgpair,rpgmﬂglrwﬁﬁ CBRITEFRACe t her eof .
15 Pr ef er abl yonfigne:dgs efihnbe tleghsudame et foftarte GherdFOA are adapted to provide
tenperatures in the pressure chanber 410 [an%i E%erom about 0 Cto 90 C
Preferably, the ghfaapdbeguaid Sesipn 3seeamblin 460688 Aqare adapigst todbreider ovi de

heat to the .:gp#}a]g ey, | S5 icpum rate of at
| east 500 j%e%' es se%félﬁdgi% Brfggﬁg?geﬁssurg&g%%%g{ﬁ%%rg%?ﬂgtos?s eém The casi ngs
420, 430 whi Brefaeblythe pired hestasassamidea @68 46000ara ladaptetefol previde hédtw d | eak

h 3.(Fi 1 he i f h 410
path 3. (Fi gu{h% atnSlgsp%gretm glelp?és%{ne%ﬁgm{)er:ro 10tataeln£)arx?r§nsnlqjlrrgteco %mgsrt 5000 toan

joules/second.
20
Pressure chamber sealing system

The casings 420, 430 which define the pressure chamber 410 also define a

fluid leak path 3 (Figure 15) at the interface from the pressure chamber 410 to an
exterior region 7 (e.g., the ambient atmosphere (directly or indirectly)). Thé
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 . éerves to improve the effectiveness and durability of the pressure chamber seal.
The retaining ring 458 is fixed to the flange 424 and extends‘radially ,
.outwardly toward the flange 434 and below the recess 425. The retaining ring 458

may be formed of stainless steel or other suitable material. The retaining ring 458
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exterior region 7 (e.g., the anbient atnosphere (directly or indirectly)).
The 25 sealing system 450 is adapted to restrict (fully or partially) the
flow of fivoabadsang the fluid | eak path 3. As best seen iRCTAI®aR®015, the
seal ing system 450 includes an Oring 452, an annular cup (or chevron)
seal 454, an BARGP &FCUERHD iy Trmge 424 baany switabler means} fak akangplé,ith@adddB. . AS

di scussed belg&n&ge conbi nation of the seals 452, 454 30 . serves to

i nprove the effectiveness and durability of the pressure chanber seal. The

retai ning ring 458Thecupisesidistds §Hosvnfihamgered 26 .aag7 e ol ;
outwardly toward the flange 434 and belgﬁrthe re(_:eshs((t:lgjz]%.al ?%gl,k?deﬂt‘%?%i ng
ring 458  naymBESEARY selforeisedises] hathasiacaoncaye portier ansllis tatfloaratiduehi al . The
retaining sri nga¥3Ben / 2/ 24003 . may .be secured to the
flange 424, byaaﬁée%%?tcéﬁagéégéﬁgﬁpggggpfgg’ﬁ%@?ﬁr("e%délﬁlaP¥e§§‘%ré7~ﬁ rs. The

cup seal 454 dhembhoemthi noftageisids of fheasal), e scalldRh&EER) intdSINSRE eSSl N
nmeans any sel f-.enerqgi zed seal tg%t has a concave portion a I's configured

such 5 that, AEAUTSHL Bxranutweidipess (o€ » eeingadiacens spifews of & peessuge. ., by

a pressuri zedress adiifhg MR prdiSue ' e the Seal,is

t her eby i nt er_ngl ly pr egssurp.i zed gﬁ%@%&ﬁ%%@@a’%@F?gﬁnhﬁlﬁf%ﬁ?% ce (e.g.,
agai nst adj adeeludesanfaaneer inherawadt 458 jjoined\absisedn e hlanfold 454€ tpsiLssur e
Cner wait?" 2HBERERe PR SR defiest Ranie sswot Shbesiannul ar out er
wal | 454A and def iThHeR@p 8&h] 514l rREf Fa'BEFHE}ﬁJcarﬂyE‘ 0. . .seal 454 is
preferably unitaril ¥ fgr med of Pg ,fel exi bl e reﬁ%gﬁggh%ﬁg}%ﬁﬁg&m ef erably,
the cup seal Ta8orials Preforably, the cup sral 454 islformhext ofi ssmatesialshatris rebigtanswe! I'i ng and

damage when | i.tabl e teri.a i ncl,yde _ fluorinated
pol yners and%glgg%g%ﬁ%?%gg%a‘g%&%m#g@?ﬁ%@'réu,lta PBsieyals inclydeg 15 PTFE,

PTFE copol ynélusrinaicd polginesend elistoness, & 45 P TRE fmlﬁg’ Itgmb?ﬂﬁé ropyl ene
e plastics,” such as

copol ynmers), I F, FE, other highly stab

Py 2t it o8 PRBEoRa e 25 GFAlog el a5k Hicighinspod sthpibhybepsihe PP,
PVC, acrylieg ; i : ' .0uUs el ast onmers, such as
neopr ene, Y Bu(r)1I§5-l \ e%%gegg?é%?gﬁg%g@?ﬁmggggéa\%{Qg%{gwgﬁas Sui t abl e seal

mat eri al s caRobéethylens)s GHNBHPE (ultnaEth Robcalar evelpdabsly(diterlenePl PPNy oEg Road
Sout h, South

flange 424 b gyx&P?ﬁ%ryﬁx rsg%ll-m}%gg%) yn&%geanﬁ %griggsaélasdt'grﬁerrst%%ck?gs Seeo%?ern%,d tothe
Buna-N, and Epichlorohydrin-based elastomers. Suitable seal materials can be

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

The cup seal 454 may be secured to the flange 424 by affixing at least one,
and preferably both, of the inner wall 454B and the fold 454C to the adjacent
portions of the flange 424 and/or the retaining ring 458. Thé inner wall 4548,

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 4548 (i.e., radially

30  outwardly). Preferably, the spring 456 biases the 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 cub seal 454 and nested inside the cup seal
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and preferably both, of the inner wall 454B and the fold 454C to the

adj acent portions of the flange 424 and/or the retaining ring 458. The

i nner wal WolBAB38225 454C may be secured to the flange 424 ra@i/vg2adesi ve,
for exanple. ferabl. he ¢ eal 454.is. retajned by th et ai ni ng

ring 458 wit h%]“?_ﬁ’f‘?@pﬁg%“%éls mg{%p@rﬁgpe Phpring g _eﬂ?ém SR may be
any suitabl e §pibg6 sRpMRIIehily GRERUSHIYHIRED séehbAlYadRiRRIH e Ihe outer
wal | 454A away fromthe inner wall 454B (i. €., radially 30 outwardly).

Preferably, thecesqrthaprouBinmiskespringdSe.ibe sembeali 434 may balfdryped so watad| y

beyond the flange 4 n.the | 4 430nar e separated, (see Figure
9). Prefer abl?ay,g %Pﬁléég%’??ﬁé%%ga?{:[hg%%%%%% z*%ngaﬁ?Ji'tn %Fovzfr’ggéfﬂqngver type
spring had ng456mspBPemBictiah@thel @p swussrﬁedglw rbiiasd withQoGhRr&R 8las454 and
nested inside the cup seal _-37 WO 03/023826 PCT/US02/24003 454. The
spring 456 is prefBreDiripgidsR apdispased gt thagrepvaddsSs Prdfernblysthe Qedhg 45his
spring 456 I i eal .454. ln.addition to
or in pl acga%fﬁ?%%& %rg%\%(?oél!egﬁgg? g?%letwsf%{é}l%egﬁ ng’,% (?'ﬁlgg&f%ng%%?faﬂf54 may be
formed so as defornfublegradilichivheatesinll Foefamably) tispD e 4524s fotines ofiR4A, 454B'
apart. Moreover, the spring.5 456 may, be omtted and the cup seal 454 may
be provided vilesomens mpigrialn More peeferablys the (Pring 482 25 fosmed ehmean o7 t he

groove 43%. i I S Cld j : Y by an
interfer ?ﬁ’ce %@P@%ﬁgﬁgés?ﬁrg@ré&?g?ﬁeﬁg’h%f Tgéedqgégg?gr?a% F%Q&;%@:{g%{g\ﬁ efp

mat eri al. Pr eheOatihg452 isén & nilogdedSPate §.ef ,ovherdhotasanys 420,a630@peri ¢ materi al .
More preferabl: e O.ring 452 is fo af na-n or_ 10 neoprene, and
nost prefer abﬁeééra%gEﬁﬁl&r’g‘ﬁrﬁg ),@pqrﬁan aé‘%gg%ngg ggg@&ﬁﬁe’%éﬁve n the

O ring 452 i Ssyuinédt$adddkgaded state (i.e., when the casings 420, 430 are

separated; see Figqure 9), a portion of the Oring 452 wll extend above the
abut nent face 436. Vipetherchsingsed0n430 are@losadcheee sshbdeds catared bptvesenl . 454

i s captured .4 n 3 s~shown i Lgures 8 and
15. The Sari %‘E‘ i%%ggls‘i]ﬁ{{e&%%sm FlegRess aid1snr eg%ﬁ%‘gﬁﬁéa%ﬁ% s 434A
and 425A, r espaltitddal and 49hBRghihst the vallhe34 A4 40 B Nregsetiveredwabour t he

anbi ent pressure, the pressure_exerted in the channel 454D forces the
wal | s 454A arfdambat s presmiged abeyertheypmbient prsssures die presgurcaneresbindhe wi t h

provi s a soEaTE ey sars Re s hgye o Sodl bR R, S AR ces tne

provi des a secure, primary sea pr event
fl ow of the fdngagenfenowithliiee ehpachive wallO434A adnb425A.

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>. Accérdingly, the sealing system 450
may provide for a high throughput wafer manufacturing system with relatively
long-lived seals. ) '

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

30 loaded for sealing. Because the cup seal 454 serves as a primary seal, a secure
sealing arrangement may nonetheless be provided. However, in the event of a
partial or complete failure of the cup seal 454, the O-ring 452 may serve to prevent

or reduce leakage of the process fluid to the environment. According to certain
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Oring 452 along the fluid |l eak path 3. The Oring 452 is thereby spared
potentially damagi ng exposure to the process fluid. Such protection of the
Oring 490 osap3ebstantially extend the, service |life of HdTeUS2R¥MOG 452,
particularly where 25 the process fluid includes high pressure CQ2.

Accordi ngly, teh‘é>odﬂ:ﬁn|tﬂj@1$@3§érﬁhﬂ}r46®mamy a&dipibtl steshfthdt tige Olritly 45hRANghput
| ong-1ived seals. Not abl y, when

f f t t t
Uhe. Chanbor 4 oMttt St piosa e i ik prj Whios e shambey 430 sshiesiced
sonewhat by t @glebt@& BfR@lre BS ARPHED- egﬁtt i_egﬁlrf%eﬁ N9 nd ggm%@ngﬁrtoce o aI a

| oaded for sealing. Because the cup serves as
secure seal i fiyidargrg@ndnin myacnmthtﬁeeﬂ)eﬁrg foeextendaddetoddfgwer, in t he

event of a, partial,or conplete il f.the cup seal 454, the Oring 452
may serve Po preventic not% ﬁg‘uﬁe &&H’g &ISFE@UH%SB%WTF%SHECG’W@CW
envi ronment . 'ﬁfecééﬁli'lhg"'éfféc@iv%s& 8f e c@se@%?@?ﬁc@ﬂ? gﬁ%ﬁ%ﬂ@%@ev%Sz will

enbodi nents, the assenbly 400 may be adapted su hat
al low fluid tdhekissofthe springwS6ihai providakompatdalidgwlesiminee) Hﬁﬁb@éveﬂﬁ,o is at

at |l east a g%e(sted essure so . that the % ri n i's noé pre surqued and no

damagi ng proc Py grve prirgany, g &ﬂt’?’é et @R ‘lcﬁéeaga%el g for

extended peri @fisospherid fiEid ifito\ethahiber 410thebugh thdBuihaIBkn 3111Qoﬂaﬁ ga |
cup sea

at m)spherl C pressure_ or vacugqre'&1 t he sealing effectiveness of t
(Hpisaly

454 wi |l 8Qpi aaresphesic Hwidi aipHapiesldy wil n@enbluécshxgh cotrenatiinagf 456 rmay

provi de sone I the.0-ring 452 may serve

as the pri mr%edé{aﬂtep%ﬁjgéﬁﬁ&q%@mlyggﬂégﬂ? ﬁlﬁ g’ngfn t?ﬂ spheric fluid into

t he chamber 410 thpmfgiabtybmaAsundstﬂa&akthw-hn§4sméaa Exanaﬁmeﬁ&s%tmtspherl c
concentrations of

fluid (typically air |c not include hig
C02 or ( _o%lﬁer P@%ﬁé’ﬁ%&ﬁ rlrﬁ)ﬁ%i ai‘/n‘Pl WEJ‘FOUERPHFH'@ ape Piepit.nhbeplegsre Pref er abl vy,
and as illust Eﬁérgfi%n }ﬁgmgfnrlﬂ'tﬂé mﬁ@ﬁ'dsﬁ%@%%@%?% é}%ﬂ\% W iad YPE

arr angenent so t I ng Cco onents are presen ressure
ener gi zi n§s rreﬁh%fcsmh&ﬁprmgé%uﬂ'hsseabpedfsébfahd mwentir assiseinafinmiriak aid vel y | ow

bi as 15forcefor n These .aspects of the i nti-on. assi st in
ni ni ni zi ng t h&™ éaet'?élr a‘g‘f:leéﬁw EFSF%@“WthtO ﬁﬁywﬁférﬁ Fﬁf‘%‘ﬁ‘@r??%ll to the
waf er 5. The gspragak oﬂfb%saeﬁeﬁt@d St1bedtd. %h@bf&ﬂh@@hé}ﬁbér‘igs%h ngl 1&«6 he
pressure chanber assenbly. or nore of the cup seals

arranged in sevmer ofitengin Wélsf‘ﬁélH@YIbé@krapg&dﬂn ssngmalomgthdéhmﬂa@t paih her ei n,
t Il b 2
IeI a\gt orer :acapp; ?(r:llg%ogrgp{ gi\?gcr %\ggl cel’ %1'}]1% a@Bfecf‘?éeé)%‘E%@? 8?”3%‘“311011 ot

20  cup seal and an elastomeric O-ring seal overcomes certain problems associated

with high pressure sealing of CO, Yholding 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 depressqrized. Cup seals when used as pressure seals typically require a
25  large pre-load spring to enable the same vessel for vacuum sérvice. Such large
pre-}oad 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 520 according

to further embodiments of the present invention is shown therein. The assembly -
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wi th high pressure sealing of CO2 holding vessels that typically neither an
el astoneric O-ring seal nor a cup seal can overcone. In particular,

el ast oner wo @+/028826gs are generally not long-lived when exmpeIamsor4003

hi gh-pressure CO2 and then rapidly depressurized. Cup seals when used as
pressure seal 520 ypy balubsd ingdpge of the ek A1 im apressuceadhamipei fgerhislyet0oB! e t he
sane vessel fag vacyum.servi ce. Suc lﬁor@? egre-lﬁad may cause qqreater
friction and WEEPFatd OHERYSE CHERRPETPE PreysHre GRARPE sasearn Q0. s

parti cles. | nwaB 6beanafprdtikiad v BicToIink RUSREIGH thd Refer BLAREOMET (€
O-ring may be external |y energi zed (conpressed) when require 0 establish
a vacuum wi t hessemhly 28antjudes a3ubyizgte holder atiptejernersambl §2Vindis mddmedce t o

Figures 19:22 f ol di ) | y 520 _.accordi to.further
erbodi ment s ofetﬁﬂ\g%p%:efgg%‘{ ﬁl‘leggg% ?z(?n”g%’l éeagﬁ(%ﬁ pf??@WéiI&%.ferW geesred by -39 wo
03/ 023826 PCTfd45ba/ of4chuckd02.may be used in place of the chuck 510 in a

pressure chanber assenbly 400B Fi gure %22 ot herwi se corresponding to the
pressure chanber a&%ﬁblcif/ 533 bas agoniyurfacy324rndiasropppsing tdan swrthct 5280 Ahe

foll owi ng descy.i.Bid g, : nol di ssfmhly 520 ingludes,a substrate
hol der or pl a?%ﬁ%iﬁgﬁ%\gﬁfgﬁgé\f&nﬁgﬂ%%%e (DS TPEPATSY fRE REFRF on t he
chuck 522 by swfucs 528 amd padiadlg wusvadilyfveitleRbpeat todea@kal Rt axls-gt i on of the
chuck 522, Th ,chucl§ 5%{2 hag a front surface 524 and an ggg&si ng rear

| {48} sf

surface 558, digwre i) urality (@f ShaTR, Epghel passagendiA exte thegglext end
rearwardly fr = To IR T WYANo]E it h respect
to a central ?f(ﬂcg?i&ognﬁggrg %&g%%i%r Ig:iga% al@ﬂ?mfrm ur tgﬁi%{ngi %Izaésﬁ %s()ﬁnc}\?\if;, four)

of passages 5ixdhe éxntomdfatai$ldy A phoalith (astshowa)sixteery27 charoristI26Crexgamdsur f.ace
528 to a circy renti al annel .526B forned . in_the front_surface 524. A
plurality (asrag%glmﬁwagg]%t é‘?]?n%flu‘gi a‘?ﬂ’i‘%‘}l‘émgai‘%&'l@ﬁg"ewm?%ﬁ ly outwardly
fromand fl ui daitieimeupimakial dinhde SRR é@;ﬁmd@d&ﬁ.}lé ‘ﬂ?ézﬁlannel

circunferential channels (not shown) ray flui'dly confect the channels 15
526C. As BhowG Figure 19, the chuck 522 is nounted on a driven shaft 530

f otation thergw ! tati .axis . E-E. As th 522 is
rg'[ at (rad, .tlhe inpeﬁg%,\%ﬁro%g’g@gé%%g@féh%cf%&%lg 1sh nﬁc'}un;eglr%lea grr%enfsﬁﬁggg&g’ét \AEeIn
the rear surfmtatioh2irewith abdue tirdiationdl axREPES | Aths Uhicko224d tabd the - -

ressure chanper 410 radial | y out war dl
P impeller vanes 529 tend to push or ?or)ée the fluid between the rear surface 528 and

the adjacent, dpposing surface 412 of the pressure chamber 410 radially outwardly
20  inthe directions F toward the outer periphery of the chuck 522. A pfeésure
 differential is thereby generated beneath the chuck 522 between the inner region
(i.e., nearest the axis E-E) of the chuck 522 and the outer region of the chuck.
More particularly, the pressure in the.central region (iricluding the pressure at the
* lower openings of the passages 526A) is lesé tﬁan the pressure at the outer edges of
25  the chuck 522 and the pressure in the chamber 410 on the side of the wafer 5
opposite the chuck 522. As aresult, 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. o
In the foregoing manner, the wafer 5 is secured to the chuck 522 as the
30 chuck 522 and the wafer 5 are rotated. In order to retain the wafer 5 on the chuck
522 prior to initiating rotation or during process steps without rotati'on, 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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20 in the directions F toward the outer periphery of the chuck 522. A
pressure differential is thereby generated beneath the chuck 522 between
t he i nnerwoegioess2s (i .e., nearest the axis E-E) of the chudcTazdzand3t he
outer region of the chuck. Mre particularly, the pressure in the central

_reg: on (j[ ECl utdmdép'h riehexprmedy lgemﬁaﬂed phaesurg ddyﬂwrem?egﬁggl?ﬁly@hﬁﬁ ggﬁthggsfg&ggst ﬁ26A)
is |ess than pressu e.oyte ges o é chuc an e
pressure in th}éoq@ﬁgﬁffg?%gﬁ%&) S‘{WHE’F{T&-Qf the wafer 5 opposite the chuck
522. As a result, awsthbimkad odtioh < t n the fluid pressure
exerted on the top surface of the I\‘T\e}g?g%tsggvr? th\élgﬁnmé?geﬁqéﬁo?“? &%Puid in

the channel s 5@8her egiedimdnts afitke preseny divegtiomiznbown theeMaTRE sfatdn$ 55ECUred to
t he chuck §22 .aaut he 3(% hg(ﬁk 522?%%9 he wafer 5 are rotated. In order to
retain the waf@rassgWeiRolHng psse ?J%Q%“rdl%l@’bwl%eﬂalﬁphge pithechuok 50 duri ng
process steps iwatpa@uire cRimbd ggbenf'ypyl[; it o 3 .oVl addi t i onal
secur enent, supplﬂgér?en'fgl holrdi ng neaﬂfscmﬁug% p?rﬂ](i)ew Sggﬁ%&% 188 q%gmental
means may i nclRieRsurefchbpmbstaaisdly ddther dlerityc bartais eleméfts VORI RBIIRH00C

PCT/ US02/ 2400 an-ext ernal | enerated pressure differential
assenbl y such%é%g@%{é&knfgﬁ“%aﬁ%@?%y%‘gés o BHded wath asaeensis drire W t h
reference to RsgpmbdpsSAB-25, a wafer hol ding system 551 according to

further eqﬁodi nments of_the Eresent invention is shown therein. The system
551 5 incltides a wetseVillhs|beiterpratesiatesi fomshe folldwingddseriptiondithe watrace of t he

huck 510 i HI0E L 3 ; .
chuc in hélﬂ%%séa%@gg@m% e?ﬁ%ﬁt?@gges%og%qrfg Rgge%zfr(;ﬁu%\q é’;ﬁtzi af?{dvlms zgr tain

corresponding to t sure chanb

el ements of t ladaptsdteblain thO0Gfer Sron the thik@82)by AbRs 858 ?fgéédfe diPRCerisy T urt her
provided with,a maﬁgletic dri.ve . assenbly 580. 10 As will be better
appr eci at ed f PSTSEREIBFSHRIR regueshieshpmber 4Heangthepressves aiangutssisdbl y 550

i ncludes a sulrkhatbRethadrfRr: : . ' dapted to
retain the wafer .5 oer;[ t he g%ﬁgrﬁ@gggéaﬁ? {enggﬁgﬁg? ﬁ%%&rﬁggﬁﬁ?rgla%iv ?oe nti al

bet ween t he piPeassuie ehamber HE) pitbewtiregnithg sading diScthnisktivhe 1elagS& Y ovilg an

outl et 564. neti,c dri stem 580 i g adapted to drjive the chuck

552 rel ative g%ﬁ}EH’qugﬁ?ﬁ,eassglaﬁ%@%gﬁ%rcam 43})} hgvillhe gapreriatpd dhatithen g

directly betweaferheldiig syelein I8Ithagbe @8 RO I , d the
O o ser ety el ShiMAE e et b1l

casing 430). It wi|l be appreciated that the ng sy 51 may
be used with BERBFtCHveasssmbhndRvmay Be used witlaothehwafenhgdet hechdnisme, assenbl y

580 may ‘be used W NG RE Gl AIE 'éssggl%?yaggﬂs Mgreater detail, the assembly - |

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

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

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

30  forrotation therewith and has an inner magnet M1 mounted on an outer portion
thereof. The internal magnet carrier 590 is disposed in the lowér 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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Turning to the magnetic drive assenbly 580 in greater detail, the assenbly
20 580 includes an upper housing 585 and a | ower housing 584. The upper end
of the upoess/hsizei ng 585 is received in the casing 430 suwdr/wsvat4ms
gas-tight seal is provided therebetween (e.g., by nmeans of a suitable

seal i ng devi céowerehd afthe logershoesing nBntbes 584.t Irbh0 wxirer dse posatapts06

housi ng 585 and gj; rotaﬁab] y nount gg% t her eon by upper and | ower beari ngs
586 and 588. ALY g UPBEhQUSING JRsTRep AdR togshERIORRheastHehs Frservols oy Thds ¢ he
housi ng menbernH8hy cAhe 188t Rhsing n;elrn@c{e?fsﬁ@@s ee%Q%@&QQL%@#a%%' . More

preferably, the seal 561 is a gap Sea nore pre I'ning a gap G
having a wi dth of .Bednivcamiti3us mONAOd ontit huSHZ member 584. The dfiabytit nt h

. Th ko561 | |ip. seal hani cal seal . An int |
rmgnet ol ot 580 FERBT G I e Do S o KA gt 150 ot or
rotation ther gyifdrblgeh dlacridlly dHves ufiRITRS de iﬁ%ﬁsfﬁ_og&taﬁ'fa 1@t 2POT ¢ Hon

| e

thereof. The internal magnet carrier 590 is disposed ower housing
menber 584. #ghast Wdsthateexécnds Boethshonsngoember584t Ansatermahgngtet baklet er 590

and fornms a + L] . ans,of a.suitable sealin evi ce
such as a gasgg%s %&Pﬁecf‘%g{h? %ﬁ%%@yﬁg%%%w‘@s fﬁ@ﬁ@f ml%%é?“&?ﬂ of
the | ower houSoni digpabed inGBethousthgtrdrsberBBASut id REcHhRIRY RS A&A1P96 and the
upper houié]ng menber 585 t_oget her forma gas-tight reservoir for fluids

that may &ht efenarbed fore the isiranal gnagasthoides 380 and netrmesspiesbember 4Rdyithe 410.

A drive unit j e ' M%gj H}?g 584, The drive unit 5
582 may be an ssud|r€?i | e drﬁ%a%fg%l?%%%gﬁc zsagF a %flaornatﬁffe tST"ﬁef“?ﬁfie\t/en uni t
or, nore prehadetd fomrotationcherewsh.l y driven unit. The drive unit 582 is

operable to rotate shaft 594 t extends-into the housing nmenber 584.
An ext er nal mgnetﬁ%m@etsgéﬂdmﬁ{ﬁﬁe Vel coRgirustesk arraged ppd 1 ot at i on

th ith. Th | icSusted RS B i
erew SorfEufddns sudPBRehe 1k %}gnetﬁ:%ﬂy'c&éﬂgg gg%ge?aggﬁﬁ.g%tﬁﬁus' ng

menber 584, but is mechanically and Tluidly 1 e internal
magnet holXer m8ouersthe magaets ME N2 screhtoribdirectlyimbshanicelly pouphsthe exteapl 596. An

Fotat on ¢ nor Sopt oS Rpe i e e B B uhSh BB bl

arranged and aebié sigift $60. tThus b clidd (520 hey W RtI80PetpeAdnbraptdiwrd to one
another. In this_15 manner, the nmagnets , M2 serve to indirectly

mechani cal | y E‘Bhﬁff?e t he external rmagnet hol der 592 and the internal magnet

nol der 590, and { ekelial b GRLLARA sslied 5P akhof Bhve Lihon i PUCk

522 may be rotated by operation o r
20  suitable modifications as described herein. Suitable magnetic drive assemblies

include the BMD 150, available from Biichi AG of Uster, Switzerland. Moreovér,
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 baséage 556B extends fully.through the chuck 552. A plurality of
25  channels 526A extend radially oﬁtwardly from.and fluidly communicate with the
passage 556B. Additional circumferential channels (not shown) may fluidly
connect the channels 526A. y .
As shown in Figure 23, the chuck 552 is mounted on the driven shaft 56‘0
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 betwe;an the
passage 562 and the passage 556B. A passage 563 extends radially through the
shaft 560 and fluidly connects the passage 562 to the secondary chamber 565
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unit 582. The magnetic drive assenbly 580 nmay be any suitable drive
assenbly with 20 suitable nodifications as described herein. Suitable
magnet i ¢ W os@2asenbl i es i nclude the BVD 150, avail abl e HamowsoBaehs AG of
Uster, Switzerl| and. Moreover, other tc?/ es. of _non-nechani cal l y_coupling

drive units ne§eiiped hafgen ihe housing S8 Ang vhe shaftpell Buefosphly.ABe seah@blcihack 552

has a front s a COLL ]P%@S a t y through
t he chuck 552%4&(’&%%21??%2% Vago’r Qg%%% %ﬁéafr%ﬁg S %@'@ﬁg’&rgﬁﬂgﬁeﬁ 9 IOlé’ut war dl y
fromand fl ui dpagsage timtpravides finid torthenipasmdgevEemGBe pAdslirt clpmeer 410 and

circunferenti a&l channpel s (ngt ﬁgown) may fluidly connect the channels
526A. As shownf 8RdaTY £hamberSia- chuck 552 is nounted on the driven shaft

560 by a nut 558 f ! i : PARG; t.at i | axis
2 F. The shaft 30 %%8{1%&%11%11\64&{0{1?&;@ glftﬁigﬁ{iigsng cgﬁﬁgﬁfﬁé&%eigésdggy%z

as an axi al
ext endi ng t her@iamberdid withe line i405 28likeals4 lbhaying 2 shlva Y80 tiluidy tomtectalal ows

fluid icati bet h 2 t 556B. A
563 oxtonds o4k RFAH GRS BHIOSRATARS S8b0 B0t LDl Jrechmvareor A6

passage 562 t Omh{iBe £8FOMEY SifdRAFACI IS partidiZ1 YWRrO34102 3826 BaELdUSOA424003
defined between the housing 585 and the shaft 560. Preferably, the seal 561

is a non- contadepted énproyisleg. controfedplimii on flow theretliypugnt A lisedi4p hhvingng a
restricte | ow t hat nr ow f Lui.d .co i cati on betwe he
pressure g]hJarrbVeailveﬁ%fgﬁﬁly ?%e‘gﬁgyﬁlg%%nsﬁeggg‘gg? %Ee.'g'SaXﬁcuélﬁﬂ’%’?p%g% %n the

housi ng nmenberlif@3M0¢. | ui dly connects the secondary chanber 565 with a |ine
L40. A line L41 having a valve V30 fluidly connects a flowrestrictor 566
and a storage tank BESYsEmIM manke ysed in thgdoowingmanner rsseurs 88 WafeRS be a

throttling orififeq ity %gi”kﬁﬁ?ésﬁreﬂsﬁoﬁed% ﬁé%?&?g%‘ﬂﬁﬁggg{éhﬁﬁeﬁ anged! e

val ve adapted to provide a‘contro rmt on rough. A line
L42 havi ng a 1tfie peessuze YBthe btmiosgphyredn thegrésua chhmbelr 4I0ansiketypitelproesi20
be used in the

e.g., a vgcuum pu o.the line 140.. T syst em 551
o Doui o Pon R BHTRL DBt roetiieiiegalve § 1Y coRRdRo s toserpiaBur o | &
provi ded in t heaiher Seeis bkl BOBuili RefnluBida88s withahe sthige BIRSBY Wi the

atnosphere in the pressure chanber 410 under typical process 15 conditions.
Duri ng processicns as & passifeew PBEssirs soes 6. 910 rumep, compresewen therlike ishanber

565 i's placed | bldd s (SOUTHMERLAR W Jabuldlf RUREIIEEAME 208N 6
~ 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 wafér 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 fluid from the secondary
chamber 565 to the storage tank 568, thereby providing a controlled leak. The
25  controlled leak serves to ensure a that sufficient differential pressure is provided
éqross the wafer 5 to hold it in place without allowing undue loss of the fluid from
the pressure chamber 410. '
Preferably, the pressure of the storage tank 568 is greater than atﬁospheric
pressure, but less than the pressure of the pressure chamber 410 during the
30  intended processes. The storage tank 568 may permit gas that is drawn from the
pressure chamber 410 to be cleaned and recycled or otherwise disposed of.
Alternatively, the storage tank 568 may be omitted or bypassed such that
the line 141 vents direcﬂy to atmosphere when the valve V30 is opened.
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serves as a passive | ow pressure source (i. e., no punp, conpressor or the
like is enployed to generate the pressure or vacuun). In this manner, the
pressure wo @e3s2chanber 565 (and, therefore, in the fl ui dlgr/cswomwmscati ng
channel s 556A) is | ess 20 thanthe pressure in the pressure chanber 410. A
pressure different ilhtheipgessire péthy atigesphemtie theymtssamcha®ergides tismaface of

the wafer 5 aréd t%e @%ﬁ@% de of tf?‘% waf.er. 5, causing the wafer 5 to be
drawn down ont™d°f 17&° e ot tippagpiye L9 BresTre savEcer (- swilicstarpgecen 566
serves to |inisg8lok enw dbidrt bintbshh&s), HENSe¢RARS devi Wf}g ; e
storage tank 568, ther el:l)y pr ovslbdi ﬁ)g a contrall edevlugak. %@%&%ﬁﬁ ol l ed

| eak serves t &edies theepressiugan PS5 tdiléss¢hanrthe ptespreisthe pressurpr ovi ded

acr oss t hegwaf t it jn pla w thopt all ow undue | oss of the
fluid from tﬁg&BEeés‘fsiﬂgée)g%ﬁéa&r%@; i ahtams phy ey %Wg%%ne FOSSEhe ¢ he
storage tank Sfaferi% lgrEiataintthavalas W86 Ebicd anBHESHNEVIPIlopkESE than the

pressure of the pressure chanmber 410 during the 30 intended processes. The
storage tank 568 naveip@ply thegusiem$al i epeszblovio ganorie spresgureinghe e chanber

410 to b | . A i d of. At i ly,
40 1o be o sutpmacisalsl i1 B SOl Agset Ao AL Ve
vents direct| y10,andtmmrs pleerebly iestwedieaboat § end/30péidesepened. - 43 WO

03/ 023826, PCT/ US02/ 24003 |f the pressure of the atnosphere in the pressure
chanber 41® i's the sane as or less than the pressure of the passive |ow

pressure sour %t:(tiing(%ra]ém%b%tror age tank 568 or the anbi ent atnosphere),

the fluid transter maybe operated to reduce the pressure in the
chanmber 565 to | esdhe kpray tlembpr E¥kasrdescnibediabope &swell g5 the shrayheimbéid t o

enerate the { anpu of pressure differentjal across_the wafer 5.
Ign this event ,gﬁﬁ’tggaglﬁf%e%ﬁo ﬁ%‘f@%gﬁp‘gﬁ T\?adeg?ée’\@‘ic‘?%ﬂ‘é‘ﬂé digectly
Preferably, tRethe¥etrad 8 wareONAbRBYE:, HR BRYSHAhBrS Mﬁﬁsalﬁi?crﬂﬁ{[?ﬁgl&he

channel s 556A that is at_least 1 psi |ess s?he}n the p?essure In e pressure
chanber 44D, sFRAmeY thessribrdsthayincorperaiss arechargeal adtimfiord Gheofuidisesfsce 10

the spr oy’ mentapLditas 1SR R R ARG Ll AR BRGNS B BeaeRitts (o
del i ver procete fididstantdédnsiag byt oftthe §prey sienfaee of the wafer. Mreover, the

spray nmenbers provjide a gi stributed 15 stream of these fluids that
i ncor por at es mechaRPEER OLIBF SBRY FieFRer RBcluiinggos gxamaple, number, spacing and

sizes of spray ports) may be used to selectively control the use of the energy

20  transfer/mechanical action. Additionally, simultaneous rotation of the wafer may
serve to generate shear (momentum) between the fluid and the wafer surface to
further facilitate removal of materials from the surface.

" With reference to Figure 26, a pressure chamber assembly 400D according
~ to further embodimentg of the present invention is shown therein. The aséembly

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 ofa rotating spray member
assembly 600. The assembly 400D may include a rotatively driven wafer holder
510 or the wafer 5 may be held stationary. The spray member assembly 600 may
be used with any of the above-described pressure chamber assemblies. Notably,

30 the spray member assembly 600 may be used to provide relative rotation between a
spray member and a wafer without requiring a rotating wafer holder. |

The spray member assembly 600 includes a spray member 602 as also

shown in Figures 27 and 28. The spray member 602 includes a shaft portion 610
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i npi ngenent. This nechanical action is generally the result of the nonmentum
of the fluid stream com ng out of the spray nenber., , Design of the spray
menber (i walasdizesls for exanpl e, number, spacing and sizesaiuSprap3ports)
may be used to selectively.control the use of the ene

20
t r ansf er / mech@ih Regishaped i dsiribytion pertingn020y ,A%Wﬂlﬁaéﬁﬁé@ﬁﬁggﬁ?fﬁsif&m # the

wafer may s Seneraha et %ﬁ‘@ i d t he

waf er surfaczﬁl%i%ﬁ?%rt%er aﬁ?@éﬁ%@emvﬁﬁ%? ma g?loa S éra%é%%ﬁlgadsurface.
Wt h referenchitdal passgpe 6221, thaptios $26.c Ackd abef speeygmnis 1624 40001 fomathdi ng  to
further enbodi ments _qf th resent jnventiqn.is.shown therein. The assenbly
25 400D rmay bRASPaRE 6@2%&‘&30‘??%0%%%49&‘\? ST‘:"’B?‘?%P‘?T“% tther?@fays hown in
Figure 26 §0r yehBEd §00)may B fofh8d'BY £highlCSRdathaly s LS rotating
spray menber ma_sserrbl ym%%o. OThe assenbl’y 40a0D #ayib?en@lﬁﬁﬁglsggaﬁlgﬁa%?vel y
driven wafer $tainktesstedd10 or the wafer 5 may be held stationary. The spray
menber assenbly 600 .m used, wi.th any of e above-d ri bed pressure
chanber assenbl i _es‘.gq%%}ﬁ)@,ls o4 RELEF B Safﬁ?rf@?rm : scéﬂﬁgg?@ﬁ}{??‘ﬁg%} %e used
to provide reflatge\6820PtatHeRNn %W@@&e@ed&@éﬁ%ﬂ@%’&%ﬁﬁﬂ%@&@fﬁé wi t hout
requiring a rotating wafer holder. The spray nenber assenbly 600 includes a

spray nenber P&gEede’albe beasinghd0iinprefegehlee seevabeiring as foevrs pfley menber 602

bar - shapcld of SEFPBAe) BRD b st TR, REFRER, BEler U ER 630 om an

upper openi ngfobrhdd ahPTERr ough the portion 610 and fluidly conmunicates with
a |lateral passage 622 in the (ﬁgrtion 620. A series of spray ports 624

extend fromthe phasHgh nepontd2iexiends thepughdlie bearbigf30end basa Hanger§lut i on
portion 620. ern .6 ﬁ%ﬁ% [ : mgl vely
stabl e mat erig‘%ﬂgﬁ%htﬁgg 6 é%%ﬁe%g)sg?gse{e? begéﬁltg%{bég%hal/sgfg%xe w thin
a passage 427thepottiva 423Aiang o#@(Cths femhge 6kt fax extinplegby GB&adafe. thhefelsdhyr,i ng 630
is receiv in an. enl d portion 427A.of the, passage,427. The bearing
530 | 5 pri er Bpegd Pl EE bid s GBosn VP EM0ng 630 rmy  be
formed of PTFE, PETRY erfdfal 640is0idap@bhy rectRe aRBAFIY 38 pRRCssifhuid ff NB6m@f PTFE.
The shaft portion 612 extends through the bearing 630 and has a flange 616

over | yi ng t hesubphbrrlie B 3uch that thadowagy peargsy Buidde diredtsd thraugh egpassege 02 casi ng

420 in the porit.i 4 over A h I e for e l.e, by
t hreadi ng. Pr %%P%&F‘;v %Z@ag%rﬁz. iRE ﬂtlucfcgntﬁﬂgs mpoltge passage 62 Pas
dispensed through the ports 624. -
20 With reference to Figures 27 and 28, the ports 624 are angled with respect

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 abbut the axis N-N
within the bearing 630. Notably, because the bearing 630 is 'mounted internally
(. é., within the high pressure region) of the pressure chamﬁer 410 separated from
ambient pressure by the end cap 640, the beéring is not subjected to loading from a

30  substantial pressure drop thereacros'sl.
‘ Alternatively or in addition to the hydraulically driven rotation, the spray
member 602 may be coupled to a drive unit. The spray member may be directly or

indirectly mechanically coupled to the drive unit (e.g., using a bearing/seal/drive

- 45 -



15 the end cap 640 forns a gas pressure tight seal with the casing 420. The
end cap 640 is adapted to receive a supply of process fluid (e.g., froma
supply |iw® &)jo2ss26h that the flow of process fluid is diradmisozhioosagh a
passage 642 and into the passage 612. The fluid continues into the passage
622 and is d%éﬁ%ﬂ%tmegwaygénmeghmly couplpf (g BYiRg @AWPLin® Fi gur es

27 and 28, th . i >
r ot Z'? i onal axi?%reﬁfokl%%eggrém%&? e%g E‘g%ﬂ %é@ﬁ%@gﬁyeﬁéﬁb&é?&%%gﬂg%g?er abl y,
the ports 624 camping). shaseodr al ofkhe aogd E24héFbeorient@Bparalle] bethereid ofbout 0

and 85, and rmre.(ﬁ}rﬁyr ably of between about 30 and 60. The ports 624 are
angl ed opposi fag afrection R (Figure 27) of intended rotation. 25 In

use, the reaction fof: 2V, fol Wb 2 X : 4 (i.e.,
the hydr agl.i c pr opAu%pg?yo%l)gﬁggJ?ezség %Igﬁlgr;&r) %&ﬁgégg?'&%b%&foﬁ%érgieggabout t he
axis NN wit mventibremby he iseg i6 Place NOthalshray niveolzar 662 tahé whthany 0§thé30 i s

ted int | | i .e...within the high i f t.he
Chanber 410" soisedpe tontisaiot S, LY Bymoncow i eabegagtionne o
bearing is UOK66%-&Q%_£Hodd@téﬂﬁ%g%éﬁér%Er_ 302 3Qceptnt ARtaRkhpEESSUr € drop

|

thereacross. Alternatively or in tion to the hydraulically driven
rotation, the dispitayionperidsar628aoreptegedwith emidtecbridiskashdped/distibirion The spr ay

nb b i i ndi t han cal | | tqQ th i
it (e 010 P RS baPhe A by BERLS (i oBard uSEHR. Bhspietiibos
unit confi gur ghiagPdrtoO674Mmiy bemddifiedechani cal |y coupled (e.g., using a

coupling force for el ectromagnetic or, magnetic (pernmanent, electro-

or -i nduct i on- dri veH)willhsapriesiged theHarigys ¢fi the giveppens sissqribed hareipahovse
oriented para . aX] i rgaygg 652
according to u(?%%%rﬁeéégﬁ%?%rglggés g%%?gwg&&érﬁseéfﬁvéﬁﬁ%%eﬁ nay 8 used in
pl ace of the ¢psaypeciHihly dBOBsahabonve twithangardto theerefeneé gabodimentdi Forcat i ons

Co the spidy R BYeERIBHmERNS DREITEE 2oraRHY & Thosk Fo B CBRRISE L | on
620 is repl acesdhyl biheRtyRkfbBoubStatel sKoth diiﬁéaegééet(é.g.[\géo@ed@&rﬁ&on 670

having a pattern of spray ports 57{1 formed therein. The pattern of the
spray ports 6mwolwyg €02 apwefer &brichtion) [The beppdymceviratsgstemni3af andtheous of t he

oL one st e DK P A LS A el B P
’ containing process fluids, such as chemical mechanical planarization (CMP)
20  systems employing CO,.

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

25  departing from the novel teachings and advéntages 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 ﬂlustrative of the
pfesent 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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t hose specifically discussed above with regard to the preferred
enbodi nents. For 15 exanple, the neans and nethods for holding a wafer to a
chuck maywaoeossngd2eyed to hol d ot her types of substrates, ROT/U80Re#008ypes of
processes (e.q. rocesses not involving CO2 or wafer fabrication). The
suppl y/recove?mé SVEIRB 39 CAdMETR IS:subsyst ens t hereof may be used in other
systens and processes using CO02- containing process fluids, such as
chem cal mechanical planarization (CW) 20 systens enploying C02 The
foregoing is illustlati vepotedskBarRb&SBEHMHIN G REkL '
construed as | lh[bn@él ng thelr)eof . Al though a ?ew ex%?ygé%%%%@%%g of this
i nvention havé or a3essebly pmaprisingise skilled in the art will readily
appreciate that many ifi i L. ssi,bl e i.n the exenplary

Vol fo el Gt PARR G

enbodi nents w t hout matefri al epar he novel teachings and
advant ages of this invewb)i ona sfestatetiol@rhavinglalro@tishal MRAIhi SRIIAYS are

i ntended to be included vmthlfqrg) {he scope Ofd|qtugt! S {hggml on. Therefore, it
is to be understood that the!8 %Qj‘die?’rgPHPQSq g¢asathievirond furface adapterkstont
invention and is not to S limted to the specific enbodi nents
di scl osed, and that ITDdIS |ggtﬁ?o%11£bgtﬁgtet éldi scl osed enbodi mrents, as well as
other 30 enbodi nents, are i nbeleaktdnt imjudlet varleustemditiatBirvatd1e £o6OME Of the
invention. -46 WO 03/ 0%%%&%%&?{%%&4@%% T%A;t\l{;wpl g—lﬁlnS?éCL_Al MED I'S: 1. A
process chanber assenbl 535P ) \DEfelaherae 8X1§; chanber
assenmbly conprising: a)cp Vesselilf@binbak: Iacdd T d S trate

hol der having a roé%na aéids eaggjdi nic)l uéi ng: %P%Hyélg)n%f%rggera%g o5ed
surfaces, the frondiffggntigtiendidai keldttiee substogiotd the kebsttatshioldér evheanms at | east
one inpeller vane ndi.ng, rearwardly fromthe rear surface and radially
with respect to thgﬁ%rsg?%thlogiﬁ 5t E\%?eg;ab%)ﬂ%é?t%ti‘%a{ #ES-i npel | er vane is
operative to generate a pressure differential tending to.hold the

substrate to the substrate hol der when the substrate hol der..is rotated
about the rotational axitBe processisbampbesessmbiy afblaimdsiseluting agfudlityiah 1

i ncl udi iRl e 4 di dly, f h
oar surface Spel ihee IR AaY BORPREXERRAS Ay A v ' O 11

respect to the rotational axis.

3. The procesé chamber assembly of Claim‘ 1 including at least one
connecting passage providing fluid communication between the front and rear
surfaces of the substrate holder, wherein the impeller vane is operative to generate
a'holding pressure in the at least one connecting passage that is less than a front

pressure on the front surface of the substrate.

4, The process chamber aésembly of Claim 3 including a plurality of

the connecting passages providing fluid communication between the front and rear

surfaces of the substrate holder.

5. The process chamber assembly of Claim 4 including at least one
channel formed in the front surface of the substrate holder, the at least one channel

being in fluid communication with the connecting passage.
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3. The process chanber assenbly of Claim1l including at |east one
connecting passage providing fluid comuni cati on between the front and rear
surfaces wo we3ruebstrate hol der, wherein the inpeller varmeT/gsoopenative to
generate a-holding pressure in the at |east one connecting passage that is
less than a front § essUdhe pegessichambennsseubly af €laif § heludingsiplattty of. The

process chanber, a of .Claim 3 ingcludj | ural ity of the
connecting pas'glfg%%%éﬁégq%eﬁﬁlﬁfgoatmﬂf@gﬁ%ﬁ' FAUEN the front and’
rear ~ surfaces of the substrate holder. 5. The process chanber assenbly of
Caim4 including at | east one channel fornmed in the front surface of the
substrate hol der, tHe at Thegagcesssianherfsimblyef ftpiinnl htudhgaahivannitat i on
with the connecti - 0238 PCT/. USD2/.24003 6. The
process charrbe%b%%glgﬁ%‘foéﬁg&e ugslzrr% ‘ﬁﬁ%ﬁﬁaﬁl © %4‘%@%1?-3/ of . the channels
formed in the front surface of the substrate holder. 7. The process chanber
assenbly of Caim1l _including a drive unit operable to rotate the
substrate hol der ab8ut. t ReSubgtaig halden forysesvitlga substratssthe atbstiatsl Ibdder f or  use
with a substragg.:. g?q-&%} #ﬂ!‘g ving a rotational axis and.
further conpri isj?‘f\%‘?g%fc ron%ﬁ%%n rea‘?rrcc?p os?ié'1 "surfaces, the front surface
adapted to support the. apubsfioatand readppdsedisutfens tho Roni PRE Rlapkans

ext endi ng rearvvardlg fr%\%th rear surface and radially with respect to
the rotational axis URPPIORRFUDSEAEBi npel | er vane is operative to generate
a pressure differential 4fend; i ' rate
hol der when the substra}tj%a hoélltggar&@éa?dtg%gﬁngggﬁfa@hge%?}gwgﬁéﬁﬁ%xi s. 9.
The substrate hol dereapsurficaipnd Sidiabiy|with negpeat fol the adtiationabéixis;he i-npel | er

vanes extendi ng rearwar d(I:)y f roH1 thﬁBr ear lsurfac.e and.radially with respect
to the rotational axis.®10. TREDIBSIRREUST KHedS PRI RiSFFETIFEINRY at

| east one connect | ndiffeRasargRiing WA @ shbiidd GAMINNEALBDRRYRED t he
front and rear surfaces of . the substrate holder, wherein the inpeller is
operative to gener afubstatebpldenig rofried sbew thewotatlpmabaxis.east one' connecti ng
passage that is less than a.front pressure on the front surface of the
substrate. ‘ '

)

9. ‘The substrate holder of Claim 8 including a plurality of the impeller
vanes extending rearwardly from the rear surface and radially with respect to the

rotational axis.

10.  The substrate holder of Claim 8§ includihg at least one connecting
passage providing fluid communication between the front and rear surfaces of the
substrate holder, wherein the impeller is 6perative to generate a holding pressure in
the at least one connecting passage that is less than a front pressure on the front

surface of the substrate.

11.  The substrate holder of Claim 10 including a plurality of the
connecting passages providing fluid communication between the front and rear

surfaces of the substrate holder. .

12. The substrate holder of Claim 11 including af least one channel
formed in the front surface of the substrate holder, the at least one channel being in

fluid communication with the connecting passage.
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11. The substrate holder of Caim10 including a plurality of the

connecti ng passages providing fluid conuni cati on between the front and
rear surWacea2sf2et he substrate holder. 12. The substrat e Haal/gke20f03Cl ai m
11 including at |east one channel formed in the front surface of the
substrate holder, the at |east one channel bei ng in fluid comunication
wi th the connecting,pas -48 V\ﬁ g ﬁg [.US02/ 24003 . 13. The
substrate hol der of?d ai i’?bsfrﬁ@l}{? “h§ ang F‘}mgﬁpﬂlﬁéh%’l‘?gm?el s forned
in the front Hﬁn@gq%l%edtlg%esﬁl&&tsﬁﬁg& M%sﬁzﬂtéhofﬁ@ﬁ substrate hol der of
Caim8 including a drive unit operable to rotate the substrate hol der
about. the rotational axis. 15. A nethod for rotating a substrate hol der

about a rotati onal _axis net.h uding .t he steps of: a) providing a
substrate hol der A% udThﬁs’SbsFrF ?C%ﬁapﬂ?ﬂ? 80‘81518 VE A OPeTallE 19 1 ont
surface adapt ?&aﬁe@he %M&hofd@ﬁab"dﬂ%%&@tbﬁona@&ﬁsat | east one inpeller vane

extending rearwardly fromthe rear surface and r-adi ally with.respect to
the rotational axis; and b) rotating the substrate hol der about the

rotational axis su that_t [ n neyr at

differential tendi 8 oA b tiSs rSlelinE ¢ FARER IR S 2uPlafin axéﬁﬂaetP‘? 16. A
pressure chanmho@qﬁ@mmhgtﬁ@gtepﬁg with a substrate,- the pressure chanber
assenbly conprising: a) vessel defining a pressure chanber; b) a
substrate hol der asserrbla}/ i nerayédinga substrate dalsier insluslings| der di sposed in the
pressure. chanber, ‘the subs nt [

adapted-to support t he Subs?ﬁ{&d@%&%§ﬁﬂg§§};ﬁ%&e§g@? °ﬁ85“§fa§§%‘§)a gto
chanber; and 3) at | eastppoRehesutiseatjad passage providing fluid

communi cation between the front surface of the substrate hglder _and the
secondary chanber, the conneé"tlieﬁﬁjOB%%%QSTWW?&@%IBW%@'PW%y t he

substrate when the s UDS bRk rAce o WHAS VAlh felifect PME rotational axis; and

b) rotating the substrate holder about the rotational axis such

that the impeller vane generates a pressure differential tending to hold the |

substrate to the substrate holder.

16. A pressure chamber assembly for use with a substrate, the pressure

chamber assembly comprising:

a) a vessel defining a pressure chamber;
_b) a substrate holder assembly including:
1)  asubstrate holder disposed in the pressure.chamber,

the substrate holder including a front surface adapted to support the .

substrate;
2) -a housing defining a secondary chamber; and
3) at least one connecting passage providing fluid

communication between the front surface of the substrate holder
~and the secondary chamber, the connecting passage adapted to be
covered by the substrate when the substrate is mounted on the front
surface of the substrate holder; and

c) a passive low pressure source fluidly connected to the

secondary chamber.
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surface of the substrate holder; and c) a passive |ow pressure source
fluidly connected to the secondary chanber. -49 WO 03/ 023826

PCT/ USO2/ @40i38)23826. The pressure chamber assenbly of C ai mcigusonekwdi ng a
flowrestrictor adapted to allow a controlled | eakage of fluid fromthe
secondary chanber  to the passive | ow pressure source. 18. The pressure
chanber assenbly of Claim1l7 wherein the flow restrictor includes a
restrictive orificd7. 19ThThrespureskamber esrambbyr ofdSlsimié ynobidifg aflowl? wherein

the flow restrictor Jnclud a needle.valve... 20, .The pressure chanber
assenbly of i ks e g‘i ﬁ?otvﬁ%‘:%lﬁf@tefllef%ag%‘?ﬁfﬁ’éﬁl ﬁ'&%@ﬁﬁ?%?n@%ﬁ’t her

i ncludes a reghéhbdrity thePasssrdewtressufdisadrck! Ui d  communi cation between the
pressure chanber and the secondary chanber. 21'. The pressure chanber

assenbly of daim20 including: a drive shaft connected to the substrate

hol der; and a seal nb in osed, bet we t dri,ye shaft apd the
vessel ; wherein tﬁg'eres ?ipé%s?‘gfg cgggxgggaésqrib%ggﬁm 1&(—:‘1’%%"}{‘ Wrive shaft
and the seal nm&®trindddes BhestpéRaSdaHReChanber assenbly of Craim 21 wherein

the seal nenber is a non-contact seal. 23. The pressuré chanber assenbly
of Claim 16 wherein the . passive |ow pressure source is an outlet to a

vol unme at at | east jgnbi el sur. hanber assenbly of
Cl ai m 23 wherein tkllg' pa(sfg% \?gésglﬁg\l/évh%%%%éﬁsreé}%z%gi@%“Fsﬁéﬁ’%?}flﬁ?t&{% anbi ent
air. 25. The pesassarriaclodeantheedlasskeebl y of C aim 23 wherein the passive |ow

pressure source is an outlet to a storage tank: -50 WO 03/023826 ,
PCT/ US02/ 24003 26.- The pressure chanber assenbly of C aim 16 including a

suppl erent al | oW ppessUTE: SRURLchafber HEmBH YL FORMDRT, ASsanBly of
Claim 26 wherein the supplenental |ow pressure source rncludes a vacuum
punp. holder assembly further includes a restrictive passage providing fluid

communication between the pressure chamber and the secondary chamber.

21.  The pressure chamber assembly of Claim 20 including:
o a drive shaft connected to the substrate holder; and
a seal member interposed between the drive shaft and the vessel;
wh_erein the restrictive passage is defined between the dfive shaft

and the seal member.

22. - The pressure chamber assembly of Claim 21 wherein the seal

- member is a non-contact seal.

23.  The pressure chamber assembly of Claim 16 wherein the‘p'assi.ve )

low pressure source is an outlet to a volume at at least ambient pressure.

24. . The pressure chamber assembly of Claim 23 wherein the passive

low pressure source is an outlet to ambient air,

25. Ihg pressure chamber assembly of Claim 23 wherein the passive

low pressure source is an outlet to a storage tank. -
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28. The. pressure chanber assenbly of Claim 16 including a valve between

t he secondary chanber and the passive | ow pressure source. 29. ' The
pressur e wioasmess2assenbly of C aim 16 including at | east @wE/usobanmos!
formed in the front surface of .the substrate holder and in fluid

comruni cation w thokhe i ' . hanber
assenbly of Claim i'g' i ngﬁggf‘e%lﬁgﬁaarﬁ?o\%gg%ﬁrgpgpofc%i%ﬁ%@é%g:ﬁ%ﬁér?gt%e substrate
hol der, wher eswpril¢menidiowptdssige passage ext ends through the drive shaft.
31. The pressure chanber assenbly of Claim 16 wherein a pressure in the
secondary chamber is at |east atnobspheric pressure. 32.- A pressure chanber
assembl y for Use Warh aTRUBAMAL BuntieeRERBIT AR T HEE EPSEMD! ¥
conprising: a) a vessel defining a pressurec ar‘rger; b) a substrate hol der
assenbl y i ncl sepmgments! law prassure sewschinklddes alvamosepir; t he pressure chanber,
the substrate holder including a front surface adapted to support the
substrate; 2) a housing defining a secondary chanber; 3) a restrictive
passage providing fRUI d TEOPFEEEHS cHanfHRr a2 BRASE 3 l;g?)er and the
secondary chanber; and 4) at |east one COIIEIII’IEC'[ iér}gﬁﬁlogggl;?g&%r%w ing fluid
communi cat i onbgfEear g seerndaryshembenanddle passivhdow phssurasaurbol der  and t he
secondary chanber, the connecting passage adapted to be -51 WD 03/023826
PCT/ US02/ 24003 covered by the substrate when the substrate is nmounted on
the front .surface2of tMke pubhaty canbRpidenblyadFElgn 86 RMIROS HakEorROUr Ce

fluidly connected to the secondary chanber. 33. The pressure chanber
assenmbl y of d%ﬁwlafgnp%mm%m sugfaggrqhiiee subsirete boldseeadia fldd t he substrate

hol der; -and a g3 : -m%gg&%ﬁg%ggs en the drive shaft and the
assage

vessel ; wherein the restrictive p s defined between the drive shaft
and. the seal nenber.

30.  The pressure chamber assembly of Claim 16 including a drive shaft
connected to the substrate holdet, wherein the connecting passage extends through |
. the drive shaft. |

31.  The pressure chamber assembly of Claim 16 wherein a pressure in

the secondary chamber is at least atmospheric pressu:é.

32. A pressure chamber assembly for use with a Substrate, the pressure

* chamber assembly comprising:

@) ~  avessel defining a pressure chamber;
b) a substrate holder assembly including:
1) a substrate holder disposed in the pressure chamber,

the substrate holder including a front surface adapted to sﬁpport the

substrate;
2)  ahousing defining a secondary chamber;
3) a restrictive passage providing fluid communication

between the pressure chamber and the secondary chamber; and
4) - atleast one connecting passage providing fluid
communication between the front surface of the substrate holder

and the secondary chamber, the connecting passage adapted to be
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34. The pressure chanber assenbly of C aim 33 wherein the seal nenber is
a non-contact seal. 35. A nethod for holding a substrate to a substrate
hol der i nwa @@reseer e chanber, the nethod conprising the stapssoeRi00a)
providing a first pressure in the pressure chanber; b) providing a
substrate hol der assenbieyetdadyutt Bbstrd whhes wrsdubatfe hohdakedirsRosed: i n the
pressure chanber, the substrate holder including a front surface adapted
to support the substratufacopfl hegahssrigdotiistiandng a secondary chamber; and

3). at |east one connecjy ng rovi di fluid Q ni cat,i on bet ween
the front surface of thz‘é> subgfbigﬁggﬁ%lsggrrcgf[a]u%%}ytcﬂﬁn‘?&%c}ﬂ S Wa¥er ; c)
nmount i ng t he subst ¢lahtheen t he substrate hol der such that the substrate
covers the connecting passage; and d) providing a second pressure in the
secondary chanber that is |ower than the first pressure using a passive

| ow pressure sourc 364 T | i.nclyudi ng. providing a
control l ed | eak of%'f | ui r%S%%%g&gg{%%ﬁélyogﬁé%e%fPS%%' passi ve | ow

pressure source. -52-. MW@iE3HARISAGECRATS WRAAbRAARORB1dET andhe met hod of C aim
35 wherein the substrate hol der assenblcig includes a restrictive passage
providing fluid conmuni &882 BRMSET EsErpsed betyees therdsive shafhind the pesselhe

secondary chanber. 38. Jhg. Q&gﬁggvﬁégggggggﬂgdﬂ?gwn%gﬁhﬁswlSg%_%provi di ng

a second pressure includes placing t ary c

comuni cati on wi t hardl the e¢alimender.at | east anbi ent pressure. 39. The net hod
of Claim 35 wherein the step of providing a .second pressure includes

pl aci ng the secondary chanber in fluid comunication with a storage tank

40. The method of 4 ai MRSkt BhmbBUSIRHY of (%St BOwRlARE! @i NY a

vacuum punp . in fluid commnication with the secondary chanber, 41. The
met hod of C alamBer it amohwentagicedldi ng rotating the substrate hol der and the
substrate relative to the pressure chanber.

35. A method for holding a substrate to é substrate holder in a pressure
chamber, the rhethod comprising the steps of:
\ a) providing a first pressure in the pressure chamber;
b) providing a substrate holder assembly including: _
1) a substrate holdef disposed in the pressure chamber,

the substrate holder including a front surface adapted to support the

substrate;
2) a housing defining a secondary chamber; and
3)  atleast one connecting paséage'providing fluid

communication between the front surface of the substrate holder
and the secondary chamber; o
) rriounting the substrate on the substrate holder such that the
substrate covers the connecting passage; and - '
‘ d) " providing a second pressure in the secondary chamber that is
lower than the first pressure using a passive low pressﬁre source.
36.  The method of Claim 35 including providing a controlled leak of

fluid from the secondary chamber to the passive low pressure source.
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42. The nethod of Caim4l further including rotating the substrate hol der
and the substrate relative to the housing. 43. A nethod for holding a
subst r at ewtooozz2s2bstrate hol der in a pressure chanber, theTmeiobawo3
conprising the steps of: a) providing a first pressure "in the pressure
chamber; b) provi dithg dllsuhsthodbéClandsrwigsse tel sybithes Helidatissdmbla
substrate hol der gj%slsé)ose.d.i n the pr.esg.ur cc[]anber,_ t he substrate hol der

i ncl udi ng a frBAR9E A SRS YRASSaas HoV! \953]6‘? CQUBUNISRf Y hefpesn thy PEsHBUSI ng
defining a secgpdaky.fNBEBRbndarykhamber’ €Strictive passage providing fluid
communi cati on between the presSure chanber 'and the secondary chanber; and
-53 WD 03/023826 PCT/ US02/ 24003 4) at |east one .connecting passage

provi ding fluid conjguni cat.i on, bet ween e front surface of the substrate
hol der and the se da?@eﬂ%ﬁﬁgpfﬁ@mﬁgmhef%mﬁéﬁp BEPYiding agfcande
substrate hol 3 c t , r; ' sage;
and d) - prov?%iéng a sﬂél{i:%%éég?geghgﬁfb?rﬁﬁﬁ%t%ﬁ%ﬁggégﬁgg@ C gﬁr%%éwéi S

| ower than thevdlimeeat g5 leasamientptesstice met hod of O ai m 43 wherein the
substrate hol der assenbly includes: a drive shaft connected to the
substrate hol der; and a seal nenber interposed between the drive shaft and
the vessel; wher eip. t heTHeaRtho& bi CRIMBSSABRI Heleh oxkl'ﬁing% Bcddae drive
shaft and the seal nenber. 45.- The nmethod of Claim43 wheré&in the seal
menber is a nobressertinelndesqidaging the gecondary chamber in fluid communication with a

storage tank.

40.  The method of Claim 35 further including the step of operating a

vacuum pump in fluid communication with the secondary chamber.,

41. - The method of Claim 35 further including rotating the substrate

holder and the substrate relative to the pressure chamber.

42.  The method of Claim 41 further including rotating the substrate

holder and the substrate relative to the housing. -

43. A method for holding a substrate to a substrate holder in a pressure

chamber, the method comprising the steps of:

a) providing a first pressure in thé pressure chamber;
b) providing a substrate holder assembly including:
1) a substrate holder disposed in the pressure chamber,

the substrate holder including a front surface adapted fo support the |

substrate;
2) a housing defining a secondary chamber;
3) ' arestrictive passage providing fluid communication

between the pressure chamber and the secondary chamber; and
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4) at least one connecting passage providing fluid
comlﬁunication between the front surface of the substrate holder
and the secondary chamber;

c) mounting the substrate on the sub'strate holder such that the
substrate covers the connécting passage; and

d) - providing a second pressure in the secondarv chamber that is

lower than the first pressure.

44.  The method of Claim 43 wherein the substrate holder assembly
includes: '
a drive shaft connected to the substrate holder; and .
a seal member interposed between the drive shaft and the vessel;
wherein the restrictive passage is defined between the drive shaft

and the seal member.

45, The method of Claim 43 wherein the seal member is a non-contact

seal.
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