1 2 DEC 2006 WO 03/107396 PCT/US03/14586 Description SUBSTRATE PROGEIShis:
APPARATUS AND RELATED SYSTEMS AND METHODS Rel ated Applications 5 This
application ®aisnerseshe benefit of U S. Patent Applicati orpcRalshaasso-

10/ 170,578, filed June 13, 2002, the disclosure of which is incorporated
herein by reference inits entirety. Teehnical Field The present invention
is generally related to the processing of substrates 10 as part of, for
exanpl e, a mcroscal e device fabricateseipiebcess. More particul arl y, the
present invention S'U‘B'sﬁfhﬁEtlihddEszN@ﬁ@ﬁﬁhﬂgué%m REBATHPRY SRS ¢l eani ng,
drying, surface preparation, and the ik of substrates i1n a high-
pressure environnent that can be i SR B06m yet functionally coupled
with, an atnospheric or evacuat edieited AgpneRiohs 15 Background Ar t

M croscal e deyices s n rat, d CI ectronic,
ni cr onechani céa/tl i clrrlrg'sg t:oE%@ ﬁ P 'tolflg P%'legf%?q"ﬁ%% dagb'l tes contain
m cron- and sub- *rﬁ/‘dlocﬁi&s‘ll@etdmeé&?&@ﬂeﬁhetdlmtosmeefWimchnamcawomre@hha@no a
precise sequenctg, BlerdnB@n ic@htiR. st eps and under tightly-controlled process

conditions. 20 O'ten a substrate such as a sem conductor wafer is provided,
whi ch contains active and passive éed®icaliield circuit elenments such as

transi stors, resistorge @ragbnt Fﬁ@éhﬂ@rl ib gérﬁaranﬁélraté‘d}amécbtr&éssm%f $uUbktratéd | m
dep05|t|ont(ghn|qur§g g rrred toc f rs or addL@erstothe
substrate | 3 BFE oL Jae xal"(’)“f I"?em"g?ﬁ%'?r = of %c&lugq BIfSe%he can be
pernenent, as i npariveladasiee pfesentdorediingt ielates2b thé aroeessingelear tstriphing, an

i nsul ative barrigL, t}@&fﬁg Q&ﬂgé‘g%b%{r%n@b%%’%he r?ke> oQQJWr&tBQ

u
wavegui de, a structu rma m cfomechanl ca gwgonponent or
an etchstop for W@WF%@WFQ@“Q%@%Q%@@!@E&MW geidunaignadly seupies with(x her

| ayers or porti ofatfbsph@i€bsevadiatddenifdidngl Y, as in the case of an

i nternedi ate gacrlflm al layer forngd between the substrate and a
structural 30 | ayer that is subsqug-ﬁmﬁ%#&ed to rel ease such structural
| ayer or a portion Mmaealb deviosa suve aslibebratddecircits {I0s); bptociag®nief a

phot or esi st | aye,qm]‘r 1 6. ele@#@ﬁwte{:rfatnfcafa‘??cﬂn ﬁ?%|°%t‘f?f"f’$r‘iﬂtnpa|?” creat | on

of electronic or anl cal eatur es VI
~ |~ mlcron- and sub-micron-sized features that are formed according o a precise

sequence of fabrication steps and under tightly-controlied process conditions.
20 Oiften a substrate such as a semiconductor wafer is provided, which contains
active and passive electrical circuit elements such as transistors, resistors and
capacitors. Semiconductor and thin-film deposition techniques are performed
to change layers or add layers to the substrate. The layers added to the
substrate or portions thereof can be permanent, as in the case of a conductive
25 plane or electrode, an insulative barrier between conductive planes, a light-
conductive waveguide, a structural layer used to form a micromechanical
component, or an etchstop for controliing the effects of an etching process.
Other layers or portions of layers can be temporary, as in the case of an
intermediate sacrificial layer formed between the substrate and a structural
30 layerthatis subsequently removed to release such structural layer or a portion
thereof from the substrate, or in the case of a photoresist layer formed on the
substrate as a template for the creation of electronic or mechanical features.
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*@00002* 1 2 DEC 2006 WD 03/107396 PCT/ US03/ 14586 -2- Many of the
above-descri Baxoshemer s are subjected to a renoval processpEiedis4as €t chi ng
(which can occur isotropically, or anisotropically along a desired
direction) to either conpletely renove t?le Iayer or to form (1) features
such as apertur S Gk a ers, idic channels, a

trenches; (2) t ﬁg%y aél“?r%%bsq%ﬁa cr'g? BETRE é’ﬁﬁtﬁdg o E?Wac?fc?esseﬁ”g&t rical

| eads, optical winetolisg (wirich CMdcwdstaMP@aHmnbaaa@@plcany 4l&)g a desired

Lir ee- di Tensi onakrotldr & B oowieAS TGS 181k or B AL Y Blch 2 The

renoval of |ayers or portions o ayers can-al acco
chenpnechani cal. FRAMVES s HFC"é‘ihﬁ@W@d?"F@@é'dﬁlcb?Wﬁnqwfi‘er'i\ghest @&h\wr ques The

starting subs5raa.meﬁmapmtlﬂwsuaga@comefsl a@éthwmeaa&s&&ﬁpwﬂd%s 1Qqexanpl e a
silicon or glass

eilubsélr ate, can @&I e su cted to a bul
m cronmachi ni ng t SCRAR ﬁgetn}pran&srﬁr st 5‘98?'0 éV‘f‘iHr%%S“Fﬂé?%it‘fﬁtors
Addi tional ly, tamshsardisvelsayBresreswoed oastaypl'mbropmr&tofﬂﬁ}eﬁibﬁl 8s€pe be

d t h | . st
ol asrm ashi ng. | O P RSt Ra L aupneaprcBy il o fork SRS g oy o

cl eani ng steps eshiigHeshEhe etating eupstraje pantoved @lamgem@np@ﬂpewcwéssctmt am nant s

or other undegi r@émpllﬂifaeélllo%hsor Qéisst SULSEAB! WhiS Rsdlf BP U BjeBed % f a&%f or
subsequent dep05|t|on For exanple, the top surface of a bulk

starting materi al"°&y44f Qg‘géeé%l%%ﬂfa%cawf@ﬁpr pRArures thyeipeAddliatalded. The
oxi dation can r enafestent kyesusucher mibtordsite nwihiEly 8drebé ReGRAtIN-pAepW th a -

subsequent  deposiiondf O6EMWIRoe bilEH 063! he Xl datl on oul d need

to be renoved in prepara oSl | ayer
onto the substrate slufingie cpursepict falricatioreprptess, dnieer mbesningstepef a net al

llayer onto ai§em#HaRcdghiRg 18 vadve Jhfouldiyget of S&Hérﬁlﬁar"ﬂ? orp5tﬁé:r ?égg,e&lesor bi ng

step to degas the substrate. Moreover, the renova oresi st |ayer,
after a plasma a®AEAYS ’p?ro@e%tge"f"ﬁ? pé%PéFPpFé‘“”ﬁ‘iegWE SP@&G@@S@%P&% t her eby

requiring a cl eamjers. %epxdnﬁplé aneIop stiade 6165 bOMtarkny matdiid kGdh as 4 he
formation of m chanesagth |FAMEESaaUED HedShRidr enches by ehon fo m ont

result in residues or es reqU|r|n
pl anari zati on pﬁé@é%@@!@ '8¢®R%lﬁewlt§ét§ﬂhf@guwﬁ depasiton akoceduré,amivhiaimt s .

Various cl eanpngedse@hoxidadPwiiERecRRPb OtbRIvedth pRPLFHEMoPhe BESRREL | Nt er est
I's the use of Sugfegncgéc}ltlonall layer onto the substrate surface. in another example, the
deposition of a metal layer onto a semiconductor substrate might require a
preceding desorbing step to degas the substrate. Moreover, the removal of a
photoresist layer, after a plasma ashing process for example, might leave
25 residue, thereby requiring a cleaning step to remove such residue. In addition,
the formation of micron-sized features such a deep trenches by etching might
resultin residues or particulates requiring removal. Polishing and planarization
processes are other sources of residual contaminants. Various cleaning media
have been employed. Of particular recent interest is the use of supercritical
30 carbon dioxide (CO,) to ciean a substrate surface in a contained environment
such as a processing chamber.



30 carbon dioxide (C02) to clean a substrate surface in a contained 5 pee 2006
envi ronnent such as a processing chanber. 1 2 DEC 2006 WD 03/ 10739%

PCT/ USO3/ 14586 0386739¢any of the steps required during the gqiss a
fabrication process occur wthin chanbers or nodul es that are 1her metically
sealed fromthe anbient environnent durBRg use so as to naintain desired

process conditions ssure, erature, electric field strength,
flow rate). Dependi néﬁa@g %t'{éﬁg pﬁé?‘i"i"ﬁ%rp INgJRe EuLse QftaigbliRationPTeeasEi ed out

such chanbers orocondulittin caenbersaominadulesdinat afeclérmetically @8Sibd Erofethg . ,

pl asma- enhanced herl near- at nospheric essure
(e.g., at mspher?@ggﬁgee?gﬁénmemg& {Tg&g CPrEs 8U]’a@t%'hg?ﬁ"g%fm\gﬁﬁﬁf’"qigoﬁ'85| tion).
Most dep05| tion {rHovessuke, teTonesatene, elegtic fiakbsitbngtheftbw rate}.0 Depepidingdn

at nospheres ag rgdyakuiaF El%éégs%tepvﬁélnb%aﬁigﬂY)ﬁtnguc‘ﬂrbﬂh BQrs%lr ﬁr@gulgsgygr OCESSES

are conducted at anbl ent or near-anblent pressure unds

per square i nch "GRRRRed aﬁsfeﬁ)‘cedTrPéesﬁ'é@pé%Qr vréa&r%?crm aﬂFFé% C@B@ﬂ'oﬂbr
deposition and cbmwspmvgncm @&e&ﬁﬁ%pﬁé’n@ pfeeﬂﬁé @Iga,atﬁackvgbﬁe&@?éé@lﬁrbbﬁdl@%' y

requiring that ) btrat rom a deposition chanber
to a renotely teg%t e%' c"l%j'e pr?é Pgé'f'?’] f‘gosﬁ\%‘@&gﬂ? MBFsPes hveyte?al |
fabrication pr oce@'siuc’tb(bw qogtrqlléddtrmpIaQreezadedLaMpmssm while euentesalt hat t he

substrate be1gxpaggting ﬂo&&@e@a{mbﬁ{&de@&\gn{cﬁé&g@}{ear b Q@ phe} Lﬁésv(?&ibet ween

pre-cl eani ng and degosr tion / I'on an ning. It
woul d therefore Bez2880HIAsRgEYSeitshgavgr dRSIE. mm@pcavﬁjaawpam@m t hat

enabl es substrat eépdsrﬁonban@ér&aﬂ@q)rédaséésﬁﬁéﬁeeh@%dthﬁéwdr{v@ﬁ}raﬁmy rémuﬂ% 20

condi tions that n&'af X % i’ eani n rocess é_l %h pressure)
while at the sam&tf e'? it 35?8 g art’ﬁir%'re@' @ ?‘%’05‘7‘%‘3’? B&IER "eReteWabr i cat i on
processes (whi chituatagidieamingi fadilty. eAtcosdibigly, tfe avpitall fedric&tion GrddeNfow s a
conpati bl e ne n r th ubst rat e through
t he ambi ent ”grﬁ\“ 9'8%@}%*{’ XHJ&%HM r&{}ﬁre%&gg ﬂp %QUblts{rﬁ%S?%g (gto%he %’P terns,

the present i nveﬁ'ﬁ‘{'feﬁmé'@trﬁbFhes@gwédrbearﬁ?arpaq-dsamndrrisptbm'fdmf @‘rbep‘re@oessi ng

m croel ectronic ag&%&,bﬂbﬁgpmlegm like. Cenerally, a first chanber is

defined wthin asec Lﬁc!;ﬁ g) e first chamber is connected to a first
cl osure nechani sm a IEIO5HRP adYamiResPLs 1o Riyitea Pethod a0 aRPBRISNd ¢l osur e
mechani sm The fthasten@blwamlstrmsh@rbemmsd dre ai gpntathet ;en3lbormesnd @nddrhe fir st

chamber in a8t abghdifdAt tHabard bbthedi P BR%ieQhinG bRSER (6. NBigS SRONEL), while
atthe same time integrates the cleaning process with the fabrication processes
(which require different sets of optimal conditions) in a compatible manner, and
without the need to transfer the substrate through the ambient environment.

Disclosure of the Invention

25 in broad terms, the present invention comprises an apparatus and
method for processing microelectronic substrates and the like. Generally, a
first chamber is defined within a second chamber. The first chamber is
connected to a first closure mechanism, and the second chamber is connected
to a second closure mechanism. The first closure mechanism is designed to

30 render the first chamber in a state that is either open or closed. The second
closure mechanism is designed o render the second chamber in a state that is
either open or closed. The first closure mechanism associated with the first



closure nechanismis designed to render the second chanber in a stat1<-:2hb|§gt2m5
is either open or closed. The first closure nmechani sm associated wt

first 1 2 DEQQ@oNB739\0 03/ 107396 PCT/ US03/ 14586 -4- chanbgsrsesiiggghani cally
referenced to the second chanber. The second closure nmechani sm associ at ed
with the second chanber is mechanically "4eferenced to the second chanber.

In at | east one i ti.o the first claosure nechanism 5
conpri ses a boungﬂggﬁgﬁgﬁﬁcggrﬁapﬁ réer\é @edt q%?‘lﬁ PR FBRPDETor TheseeRnd vel y

openi ng and cl osiFR§UEn@eshanism @%aﬁ@f@d wnmm the|satorancitambeh & meceRdalghaber. 1 n

the closed stat gefefent&etofthd Sdcosdi@HiRfpler. thi s boundary has a role in
structural Iy defini gaihe interior of the first chanber, which interior is

fluidly isolated fronl 2 Rasons epippinaent gihe ipvenipR the first closuse pactanisul ar | y
advant ageous é@Thedimpeses, a bonda) rhovabbavihin Seasso5d %&%e‘f“f&r%e@c trate

Taber case. t he DangaARn e Sraned niaEon Bldsirroshabes ibier at o
movement (e.g., 99P¢¢ Sie pebhdinttsimamber this bbirtdegr kds airdid in HAgtaaRar at us,

th by f I t atde bstrate
tr Sagf )ér ) a;: Io Ibeage??%iﬂggﬁ%%? Eégﬂ% ﬁﬁgﬁ%ry e\% h Cﬁ%gr‘%#s f@‘é@é’?ﬁﬁggfroq‘he

substrate. 15 Th AEPcede M et eneiagioviaryeoviniagedusmtivdinteat, iecond

chamber can 19r o%bd@awlseﬁoabdeawmﬁl&@lﬁﬁ‘s&&t@sbﬁio%%léE@Nn%%ﬁ\%ﬁ!a f@éﬂber and an
environment  external. one exanpl e 'second

cl osure nechani sm cor?ﬁ:?”s%s?“%&g '@EFV&E‘S‘? the hRundary Hws alse furtirasdesi gn of
the apparatus al [B§W8rehesibstiate movbment (a4, tiftiey) seeaatsm 2t BhASHAKLihO cont ai n

and maintain a C(ﬂﬂ:té lau'aﬁﬂ tﬁél@%gaﬁtéﬁ %fn¥§urbsﬁ%rg Pc[hh@%aglé%(gﬁdssqzsﬁ%ﬁber is

ni trogen) at sub g nbi ent pressuré
ei ther open or cI 8§ Bf EPrﬂfREH‘fénﬂ'qdr'§F°fd¢thIEWlth tbe idchmsingap tie substedosed.  The

desi gn of thesappae abctsldfdlﬁsbl‘berhe@{ah@ﬁ«ﬁaésbéatb@%ﬁ tNé)héHEﬁd %}ar%@e? ggcond
chanber to cont ﬁ%l%"% a controll ed at nosphere o at 25

substantial Iy anbi ent %%@ tepfa?e%‘Beeé‘tt%%eﬁﬂ@r?r@”ﬁbpﬁgﬁﬂénwmmemhe second
chanber is cl ose@xamdl tOhthef saoend chamtier AS ofé tdh@hpiepeie Qcod eR&He Moreover,

the design of thecpRAMLIHRL Q&‘Qe%’l@e IJIISImIFar Q\ﬁcgaber when closed, to
contain and naintai r]r an appr?g_ﬁl ate processing medi um at pressures higher

than anbient pressurdedssign o gRpambisAloBYU® ipeérglplumehefltee sdvensecond
chanber is 20 maharisr ecbnidin &%d mMaiRtained Bﬁﬁ@mﬁrétﬁoﬁhﬁﬁes&raﬂ aBEroBIIiaté/ acuum

gas (e.g., nitrogen) at substantially ambient pressure when the second
chamber is either open or closed and the first chamber is either open or closed.
The design of the apparatus further allows the inner volume of the second
chamber to contain and maintain a controlied atmosphere of gas at
25  substantially ambient pressure or sub-atmospheric pressure when the second
chamber is closed and the first chamber is either open or closed. Moreover,
the design of the apparatus allows the first chamber, when closed, to contain
and maintain an appropriate processing medium at pressures higher than
ambient pressure (e.g., up to about 5000 psig), while the second chamber is

30  maintained at or near atmospheric pressure or at vacuum.
The first chamber is designed to receive one or more substrates. in at
least one embodiment, a substrate is transferred to the first chamber by



The first chanber is designed to receive one or nore substrates. In@tggc 006
| east one enbodi nent, a substrate is transferred to the first chanber f
2 DEC 2006 WO ®39%/396 PCT/ US03/ 14586 -5- consecuti vel pcafisesAliésd9 the
second cl osure nechanismand the first closure nechanism For exanple, the
second cl osure mechanismis opened, the- Ssubstrate is transferred through

t he opened secon n| sm an into the first chanmber, the
substPate is Ioag 8& e@r %E'%P S%?‘?Qﬁt?@?“reéh?fhﬁ'ﬂﬁmgnﬁj thedirst clogar e

mechani smis cl omhaHIWt Hrer &bfmmie dbssecobéobloemleodecrmﬁ&mw@ep@edathebvab| e

boundar S pro str te
sugst ra%/eI i spt r;hsg?é%r;;e% t@HfigﬁééthQQ% e%#@%@%ﬁc}@% ySUF aﬂ'ﬁ@ﬁgﬁl sm and

| oaded onto the BBURGAIS c %’HEertWé SBQﬁIﬁ@dﬁ" ipagled inipvtbel finshehaomgér, alhnEthsecond

chanber into & clfmaobwé frieBhanfsn :5hb@dcmﬁ@gbo'ilb%%@cnb&@&nmén‘i@ <f§
confined 10 vmthlnotvggleflrs chanb regat e romthe

y
second chamber. “THESZELSH a@h’éﬁ[?(‘-f’lde‘?:gth‘EPé’OH’QS?@ﬁ’l@ﬁv'ﬂ%t Bé”h’ﬁﬁé‘ﬁaﬁhﬁcal ly
connected to a sHistrdtedh iahserradthmudtetak-opergdat sebaschdiéire hedhagi¥@EpLle, t he

second ol osure. wRSRRBHSTHE Bl SoBE B 0BT hEhl A G RELNEET LG second

chanber and a substrate trans modu © paeogd
substrate transf &PamRgiMte B closed state /btdh@&I%eésmmmrabﬂmadbmfmgdrobot ina

control | ed atﬂtlsos|w|nlriiih¢15he’tfhéttchlaﬁlberf&ti"!;tffi’;ﬁcﬂﬁéégﬁslgat%ﬂ*ﬁI he SdcoidBradipApspheri c
pressure. By this conII urati secon r can functron as a

buffer chamber bet ween X G ﬁﬁ?%‘?%ﬂ‘é@deF‘Ingqm@ﬁﬂ??ﬁﬁﬁn'%HwPOaﬂﬁCted to
anbi ent - pr essur e adhird atrratiaTis pHeakHighplagisienir Eof Bkanthie, GABREHd cidfréccor di ng

to one embodi nemmegharﬁé?ﬁcml@§§% aé AV Gk ' c(;)enbe&\ﬁ Bgar atys for  processing a

m croel ectronic substratée conprises a second giambenaphar f or
contai ni ng the nPyIssRled@npigiinedun, Toe third eharalred (eng.f dubstchteeanstai hoduBie  Mai N

chanber conprissesodd amgq G&h ) i b dnterior.
The sub-chanber |% ’b{;oa% mg&te%d“g&%})ﬂﬁ Eﬂgor@o@ ﬂmégjﬁere%at '%s 25 a

sub- charmber wal | "G4 gmaient s subramgeRhericpraps U BYﬁNéCQEﬂW@tWaﬂb@r
conprises a. bousetany chambkrtche fbdlioncisaniefer ndnel étwhbéh @QQTPBI%QSJrQr fluid

lation fromt T through th
main chanber el S by raa e of U ek r s e

mai n  chanber wal | comuni ca
According to oneC@¥PEt of this enbodiment, the boundary of the sub- 30

chanber wal | 200npr I S @cardmg RSdre@hBoSMBRQ ihe%*gstaﬁt(?ﬁ/ehtﬂﬁtaniaﬁpz{wt\d%t ein
relation processing a microelectronic substrate comprises a main chamber, a sub-
chamber for containing the microelsctronic substrate, and a fluid conduit. The
main chamber comprises a main chamber wall enclosing a main chamber
interior. The sub-chamber is disposed within the main chamber, and comprises
25 a sub-chamber wall enclosing a sub-chamber interior. The sub-chamber
comprises a boundary, and the sub-chamber interior is adapted for fluid
isolation from the main chamber. The fluid conduit is formed through the main
chamber wall and communicates with the sub-chamber interior.
According to one aspect of this embodiment, the boundary of the sub-
30 chamb_er wall comprises a substrate support surface that is movable in relation
to a sub-chamber interior surface. Alternatively, the boundary comprises a

sub-chamber interior surface that is movable in relation to a substrate support



to a sub-chanmber interior surface. Alternatively, the boundary conpyisgse 306
sub-chanber interior surface that is novable in relation to a substrate
support 1 2 DECZ0OGEs WO 03/ 107396 PCTI US03/ 14586 -6- surf /ﬁ§ ;~not her
alternative, the boundary conprises both a substrate suppor W¥P¥ace and a
substrate interior surface, V\/nich surfac8s are novable in relation to each
ot her. According nt of the invention, an apparatus for

5 processing a mSE(j:r(rP%%l A{]%E)Oﬁqe(r: as 'tvf’afthg boy SerEprisesRP & @f and a
nmovabl e boundar y Suppest Snﬁaq&anﬂammstratem’tqmarsmﬁce, whithBugdteghemovadidin encl osi ng
a mai n chanber i R&fdnQ6 eachthgrovabl e boundary is disposed within the main
chanber interior, and is novable between a first position and a second
position. At the firACpEEgte gnotharpenbegiment of theumeation, an apgastus frar ti al | y

10 defines a subpﬂiaaﬁdngafnhmrb@lédfroh@@uaét%@‘e koaprdel e r‘?@i‘n%hﬁ%gpgﬁc{ Lnterior.

According to yet "%Q(?)g er Eent of e invention, an apparatus for
processing a nicroerect rg'ﬁ 9’ su ARRRHeTRESes Faiain epaise wallg

substrate suppoencleking @mamammerfritamd Trenfbuable bbikiafBs Blsscl%@HVﬁﬁmCOprr I ses

a nmain chanber ch interi and an interior
surface. The 15 \gﬁjbllgta ﬁaqiq.'lgﬂlg%ﬂgte% ng’é@/fscrgg%?eng?}%?”ea&ﬁt RPAHIIME %A n chanber

interior betweenSe%Rd @B%‘FP“pcfémelflmi pasiiPra thel eevatiieposridanoat leaEheartanbh st r at e

support devide  Geies aSRb-cAarPALER IsSiBURRAT ho Sif] ABRooAhehlle, Cf 0sed
position, the substr ort surface and terror Sufface of the

main chanmber at | east g,d{np Yeianofer ?’H@dﬁngﬁjﬁffbﬁﬁ'mm teinapparstus fani dl y
isolated fromt heronassmgdmnrbelecttonbenlibs&éte carﬁpﬂ'éésaHalﬁlcﬂarﬁlSH?CHJéJbsﬁé&Eends

t hrough the nmain Somuni tio t he sub- chanber.
According to one &{b%g%%("o%h ngongp!}ref\’ﬁ ”?af‘fb §F SR0R"se$ grodier

conpri ses a back§'ﬁ45'ﬁ)belﬂé’9i' e@l%haa main ehagheninezbi, gnd ficteenGathdep ThBe  mai n
chanber wal | .15Pr Gut%fré’té's)éppcfrt%v@@@hﬁ@éﬁ?e\Qﬂ'}fﬁfﬁg n%%'é{nggrﬁnt?hor aclydator, a

restraint member, and a c}(iéq) iant |inkage intercoupl YeHat or and
the 25 restraint ?rvﬂ?ﬁ%rpos ad & Fiped popitigat afhe Iq@bse*ahebslppwt ctehlee backst op

device is usef utormprisenkrtistraicrgppdiesusay. oat 1RaYbsANEERN, %@Bgt ngd by the
sub- chanber. ACQ%ﬂH@QﬁJc@aﬁ&lhemt notur%ce odi ment of the invention, an

apparatus for processing a n croarscttone e L6Ian depmbeitrasiRagialy novabl e
substrate suppor fefingt sibrahpmberdhas isoibidisisolgted limmbtee mam arambeciherber, and an

actuator. Theo 3@h@ﬂlﬁ@§8n@m§éﬁéﬁﬁ§ RERigPHB R chamb & Al GofATREA S § Wit substrate
support surface %e Sub-chamber. According to one aspect of this embodiment, the a
pparatus
further comprises a backstop device that is mechanically referenced 1o the
main chamber wall. Preferably,_ the backstop device comprises an actuator, a
restraint member, and a compl}ant linkage intercoupling the actuator and the
25  restraint member. As described in detail hereinbelow, the backstop device is
useful in maintaining the sealed environment contained by the sub-chamber.
According to still another embodiment of the invention, an apparatus for
processing a microelectronic substrate comprises a movable substrate support
structure, a processing chamber, a main chamber, and an actuator. The
30  movable substrate support structure comprises a substrate support surface and
a sealing element. The processing chamber is bounded by the substrate
support surface and the sealing element. The main chamber surrounds, or at



a sealing element. The processing chanber is bounded by the substraﬁg DEC 2006
support surface and the sealing elenent. The mai n chanber surrounds,

1 2 DEC 2006 woN310B46107396 PCT/ US03/ 14586 -7- least is ad#@ﬁﬁ%&n}s&; the
processi ng chanber and encl oses a main chanber interior. mal n chanber
interior is fluidly sealable froman environnment external to the main

h nber The actuat or coupled to the
gngg?(ra;t gngu:)pgr @ggs{ﬁgf%a adEh % e R °€ﬂ8be§ﬁ8€8§§?ﬁ’?a ac’ﬁ%'ﬂﬁ@?m%erbet ween an
open state and aintﬂrigse'(ﬂhastnamechambertlh’encd isdleidlysealbigie frTohEarseﬁ\hrblri]kg?Trgel emaslzéI

d fluid chamber
!to ngma??] 2han1ltj)lerbﬁ%’gﬁﬂg%ﬁqa'pg“ﬁ%%ng?ﬁéﬂ?ﬁge%ﬁg Férﬁ’lﬁ 3’}‘6%8??““ Grface is
exposed to the nﬁ‘?%"e@H‘&WBé\‘bﬁ“ﬁieéPPRﬂ”SUﬁm%thﬂ@@ewmhswmhanber
enbodi nents of t bawbayenbpesiatdtant @akdsed stald Jlsetgﬁé 'f:lggbnoo%tatrehﬁgt%g?:ﬁﬁgr ate
oy o or iy, the REBRPIaTfes Gkl erthodrdly Sorteqnihy RBERTIEtRTRE S yi el d
strength of appr end thaireincha®bendad sRdwomes staldXme sObsti@fetspport s@gg&ﬂ.sas fSA— 723f
steel. Additi O”aleidés?c?ﬂtﬁé‘ﬁﬁﬁ cﬂém%érhr%n?”b()d' ments, the interior surface o

the main chanber 'wa SiT AL e support surface are constructed
fromor 15 treated wil® BCeprdanes wih eertaie smbodimentywf dhe laVentlemceh It a

HASTELLOY(r) 16- 28orn &1he%ﬁ§stfa@é’@pb&bb&ncjeﬁ§6@nl§!ﬁ%?§%m‘n% %%th I nc.

Kokono, lowa, United Sta rica rom

Al | egheny Ludl uni"@s Bbﬁ’é&f?fa?iy’”ﬁft'%wﬁa engtppalAd |S\¢a@fﬁ@ten49ﬁbyemels\§t ates of
Anerica), alloy 2fenginfamirckmbtelpHad MﬁgaRHscalﬂl\begleater such as SA-723

pol ytetraf | uoroethyl ?ﬂﬁhéﬂ_':@ th ngrpo‘?her en%ﬁﬁ%%%%é%?&?en 5 Oggfcordl ng to a

further enbodi-ment o |on an a
substrates is admﬂcﬁﬁméewlm@theauwm$prert§urtacear$lmgstrmtdzdﬂancbr a

substrate acqessireneewit. Q@orﬂ)@@ﬁfr@ééf&tm{a\ 3frch %a%ﬁﬁameizo

i nterface conponent boundary main c conprises a main
chanber wal | me)nc?&@H@I'a*é'eHﬁmNaMWWSWaF'?ﬁ%ﬂW%IKOKOFMe laws; EnifedStatesntponent i s

25 nmounted to t hamens) mLeem%aranmfmrﬁAmvéﬂ;mﬂndﬁe@:dvs&an&ﬂpf&m state and a

I d stat the.interfac onen ermts access
|Cn1(:)§e tﬁeam?u n cﬁgﬂﬁsglg %t@%‘ﬁ%{%f&?"%ﬁf AAneicoh ﬁ?Yng%BM&f"éF%eﬂ'a“f‘B Yhe nain
chanber. At theC‘é‘F%GO'ﬂeﬁafbomﬁmlenﬁ(@?ﬁE&mpemﬂnqa‘oalmw (BBA). s the main
chanber fromgphe EXtA@Ecﬂalhg WtJnﬂaﬂ&%odﬂmoF’%ﬂ%Wanﬁ ’Jge(.ﬁ&b?fwth' n the

mai n chanber to a oslt1on correspondi n strate
processi ng node, p[,gﬁ%‘ssg]glsgpstt[gfteéﬁgdjustablebetweenasubs?rate processing mode and

a substrate access mode. The apparatus comprises a main chamber, an
interface component, and a boundary. The main chamber comprises a main
chamber wall enclosing a main chamber interior. The interface component is
25 mounted to the main chamber and is operable between an open state and a
closed state. Atthe open state, the interface component permits access into
the main chamber interior from an environment external to the main chamber.
At the closed state, the interface component seals the main chamber from the
external environment. The boundary is movable within the main chamber to a
30 first position corresponding to the substrate processing mode, and alternately
to a second position corresponding to the substrate access mode. At the first

position, the boundary at least partially defines a pressurizable sub-chamber



to a second position corresponding to the substrate access node. At {EEDEC 2006
first position, the boundary at |east partially defines a pressurizable

sub- chanber Ww@o3GEs2006 WO 03/107396 PCT/ US03/ 14586 - 8-, oj‘/ﬁg&y
segregated fromthe main chanber interior and adapted to confine a

substrate. At the second position, the bBundary permts the substrate to be
transferred into_and out fromthe main chanber through the open-state

interface compon&it IV CRIEIFIES EOM AR Math amBerinterior andwasapis to 630ENe &vent i on
enabl es the subssubatae. At heesesomigpaapipartas beurkiary Bermsieuné eehstrite@s ber nodul es

enpl oyed for sub . fer fabricatign purpgses. Moreover, the
embodi ments of tﬁéerrs?e?{\%gr{{]tlgg%% §lgnﬁzgg ﬂcjﬁa?'?ea& ?hf"@’&ﬁgﬁ‘@ggq} g“ee?ﬁqﬁ'é'ﬁ?ate-
at rospheric- or Wiggfaemedmpepanted nodul es. Therefore, according to an

addi tional enbodi Menias@bscibed hak@i hbRhbelbi@nd HvaRBALAINS the b Bifite COMPY i SES
a substrate handl i ng nodul e that encloses the environment external to the

mai n chanmber . | nPPRTSMBABRAIRHE It be qonpled i tber mogules smplepechier supsteate oupl es t he

mai n chanber andtrariséer snthiabricatien fapstes Ngoabe ke emboBimAR AHBRGENtEH t hi s
nprises a substrate transfer

enbodi nent, the tr ndl i ng, nodul e ca

chanber and a rog%?[fé CJ"%%@ cg? P'g%%%‘%‘*“af %H‘c?gwr"f'r?é?’%‘?“H.m'eﬂ‘?éatﬁdsmf’ﬁjﬂ‘%grface
conponent i s adaphasefofeoacerrdiogntocant additiomel embodimerdt éthide enebniiad, fieet or

t hrough the kot egdRcRuLH ; : r e strate
transfer chanber %%d t heHpn(g{bﬁn%ﬂ%%br%?l;&ﬁ?g&?%@ﬁg?{?g&gt%%eeﬂ?lg?eﬁ\;é%ti on al so
provi des a net hof™BIMYY s¥eES| tadhemainicharsrarcbithippmbodimprit thaintarface

accordance W th tdmnemirierooupiss tRRaih @hathbdr 8nd tREsURPMb AL Mt 1RdquRoPr i ses a
mai n chanber andln%ngug- cp(%&tg)er. Tcge rgqhn ucrbganber d@o%i ses ‘a mal n chanber
wal | encl osi ng a mar A RERaTHYEF ST RIUPEYy the supsitate fgndingmadyle eumRsisesRs a

sub- chanmber wal | substrite thmsjerachgmberdnardreboticient etféatar, disposkdi therdihspased wi t hi n
the mai n chagber . i , - . rises boundary. A
m cr oel ect roﬁ?c Igbegtgﬁ gﬁpc}%ﬂf'ﬁﬁﬂg%ﬁggﬁbﬁ:?rg%#emggn@ﬁ%’emh%{%eeFn? nterior.
The sub- chanmber $ffoEF fudhdhe ingriaes campsnenteandithusite ehefromitre subteader

interior. A procesfidighdisbr HAd the mdit EiRfeefieipt O the sub-chanber interior.
The processi ng nedi um pressur ii zves.thel sub-chanber jnterior to a greater
than atmospheric pressure and "WERTRCREC (IR ETHR (PP 191 Plogeseigraf ore an

obj ect of the pr®sesiecironieptisatet dn peaprdatiee aitmttshaethadichn Pamppas at us for
creating a fbyi dhgviisPindt 66sis SNATREhatbo Ul & LREdSiber "R S ain

chamber comprises a main chamber wall enclosing a main chamber interior.

The sub-chamber comprises a sub-chamber wall enclosing a sub-chamber

interior, and is disposed within the main chamber interior. The sub-chamber

wall comprises a boundary. A microelectronic substrate is introduced into the

25  sub-chamberinterior. The sub-chamber interior is fluidly isolated from the main

chamber interior. A processing medium is introduced into the sub-chamber

interior. The processing medium pressurizes the sub-chamber interior to a
greater than atmospheric pressure and contacts the substrate.

Itis therefore an object of the present invention to provide a method and

30  apparatus for creating a fluidly isolated sub-chamber within a l\arger chamber,

wherein the sub-chamber can be pressurized with a processing medium while



wherei n the sub-chanber can be pressurized with a processing nedi Um1"‘f"DlE€ 2]306
2 DEC 2006 WD 03/107396 PCT/ US03/ 14586 -9- the | arger chanber |s

mai nt ai ned awo @uePsEssur e,  at nospheric, or vacuum Cond'lidaﬂ%s

anot her object of the present invention to provide a nmetho d1 appar at us
for integrating the respective tools utrPirzed in the cleaning and 5
fabrication of s%ggrratq}a nd. devi ces fo rred on substrates, thereby

combi ning cl eani iG> SRA°TARET BaPFIBRINGH SE QUResSUIe, ag“%h?’lcn%%uw ocess

flow. It is yet gomsitioes. obj ect of the present invention to real i ze such

integration through f. r | ng and
fabrication tools, s“ﬂg%n&hélﬂ&ﬁ%g%ﬁ%gg&a@ m%aénl?%n %ptf}?)‘ﬂ‘%esggﬁ
subjected to amh RBRAateS i Iptegiating the reepestientopiseutiizashini theg cieading a'abdl cation

steps. The fosegmbﬂ&tnebbmbaratwd%hé‘ésf&me@%h Supchbfs %&%tﬁ/\éﬁﬂbhﬂ whol e or
in part by the gresent Jr{nventlon Some of the o jects o i'MYent i on

havi ng been st at S§VHE FoaREGHon Progesares g wt'guwsmroq@é%ﬂm evi dent as the
description proceeds hisymatahsobjett ofthpfb@emerht@ﬁtheéllzeTsm idraBRanyi ng

CONIGE T e e e e
provi ded in accoF@f@r‘i’ﬁﬁéthﬁlsvbﬁtl‘alﬂaqugesmessednwmswmxedmamhnemhobdmmappar at us

is positioned abeta«e&wagfcreaﬁ.ﬁ EWQbﬂ%&‘F&QH@' state; 20 Figure 1 Bis a
schematic view of th irhsu bstrate processing apparatus illustrated in Figure

1A, in which the appdP8fUeIqing PRIRS!S: japsh athey phiecthiaghaghiaved ireholeerdeessi ng
state; Figures 2paramdth2Breaest lmhﬁﬁmtl c elevation views of alternative

enbodi ments of the s tra n ratus illustrated in Figures 1
A 25 and 1 B, show lr%‘tggﬁnal Eeh;%n ﬁrrlﬁ ﬁ‘be(ﬁ'ggr&'/a RN Stajradeiaron| e

sub- chanber canotblér @W@ﬁ\wﬂlbmm gvidenlas thebaﬁoaplndnrpmsneawwmeerHMInmg mai n
chanber; Fi guses cafredesl wiR i &osh s@m i {oALtgrnative
embodi nment s of tﬁe gubstrate prcocg h&a&'%ragtb%%%ﬁf}gggﬂgteg PN Fi gures 1
A and 1 B, showi ng additional B28f{ eigsby whi ch a pressurizabl e

sub 30 chamber can b@l@f@ﬂ@da%ﬁélhﬂlcm bﬁ@ls@itefﬁr%@s@lnﬁ‘ébﬁé?&ﬂg' ng main

Fi gure erspective view of the substrate processin
;BS‘?B:{ us 9 pr%etdédsm acg rdance Wltlh the present %ventlon in which the appgratus is g

positioned at a substrate loading/removal state;

20 Figure 1B is a schematic view of the substrate processing apparatus
illustrated in Figure 1A, in which the apparatus is positioned in a high-pressure
processing state;

Figures 2A and 2B are schematic elevation views of alternative
embodiments of the substrate processing apparatus illustrated in Figures 1A

25 and 1B, showing alternative methods by which a pressurizable sub-chamber
can be created within and isolated from a surrounding main chamber;

Figures 2C and 2D are schematic top plan views of altemnative
embodiments of the substrate processing apparatus illustrated in Figures 1A
and 1B, showing additional alternative methods by which a pressurizable sub-

30 chamber can be created within and isolated from a surrounding main chamber;

Figure 3A is a perspective view of the substrate processing apparatus
structured according 1o a preferred embodiment of the present invention:



structured according to a preferred embodi ment of the present invention; 1
2 DEC 2006 WD 03/107396 PCTI US03/14586 -10- Figure 3B is a per spectli ¥SEC 2008
cutaway vi ewwd oxfemopref erred enbodiment illustrated in {I?ﬁg?ugfé Fi gures
4A - 4D are sequential, cutaway el evation views of the subs

processi ng apparatus according to the pf‘Eﬁs-Ent i tnvelntl gn }shovr;nmr/\gl thSI t5I o
adj ust nent of the apparat between its substrate | oading/re

anjd its hi gh-pressu?a ﬁéfsraa'P%fSR?PB\@e%ﬁwVﬁwsqfﬂheo%efemcg@m@odsneré a top

pl an view of a biﬂcﬂatempnrﬁ?@haean sm included with the Is:_ubst rate processing
apparatus in accorda inventio Fi e IS a

S(F:)Eematl c diagramil Irll?u@t ra | ng cﬂe‘ﬁﬁpaéjrcng%el%‘ﬁapan'}'é@fg%ﬁHEFV%?e .
processi ng appar 8fgessixst ﬁpm@@amctaﬂlogdoammpmrc iiovestidys tshakieg thé OCﬁSSI ng
systemin accer dQéﬁﬁﬁm\éhitd?trkréspé?ét§§@é?\rveén'?t¥,ﬁm&r&@E:?adlnétegr“&lgl bsitio a%%sc ematltc
diagramil | ustratlgla%t e integration of e pr §eLTER appar at us
with a clusteredf Bﬁé‘f@é”%’ﬂB@tW%&eés'”WQ%'QS& ng system and 15 Figure 8

is a schematic diagr ﬂ’guré5lssitbﬁ'plaﬁglewftﬂab@&l@%@ﬁécﬁﬁhlﬁﬁ incii8ed WiHARL F at e
rate rOCESSl ng SySt em

rocessi ng appar ystered vacuum su
II[I))et ai | ed %escr:)rpl p?‘?%ﬁrat\cé)nfptn%}ﬁgmg {FRRRNEHN B aﬁ‘éeW gowsse f'“"f’ﬂt@”pr esent
di scl osure, the termFigamBuini & achemati@ Gliggeany .illustatip rtisé lrﬁ@mgﬁ&ﬂtthe 0
"conmmuni cat esgw on onent) is
used herein ts‘g |§Lgﬁsggt%eprg§e§%@%c E%Fg{%%négtgtaﬁ%%{ane%tmos a%”ccséﬂ 3 %tl cal, or
f1uidic rel ati on8PESingSYStAR in.33PBfdaAcs Wih theiplesertt invBetioneen  two or nor e
conponents or el erTEﬂ1F$gureA$ uswhehehﬁ%fo@é‘g?anﬁ h%&trsﬁ?ﬂs tﬁé’fﬁ?é’d?ﬁ[% diSpe Sai d to

comuni cat e vvlth not intend to excl ude t%e 25
possi bility that S'é&?f?tﬁ B’H&?Ssg’grﬁﬁ?ﬁ?ﬁlf% wiiyA B!é‘sﬁﬁfe@sém°sbtéﬁt”ﬁe%’ﬁsméﬁd/ or
operatively assogloa@Smg@wstemgagied with, the first and second f:lorrponents
As used herei t he t ubtatla

at nospheri ¢ [;r@essuretF?dupa; nFIerg(?rFé ?r'%s%l éa?r?ilfdgtr?aet@gd einefR '°f‘a‘1ééﬁ to nean a
pressure equal oF“basHb@tpéﬂ?FF%ﬂg%PD@quﬁMlt échuﬁeredmtemsupﬂmmowsmhgthe 30
envi ronment ext egys@m.to the apparatus and/or system provided by the present

i i i that the preci se value for
| nvent | On-’ 't wil thus be ungetafedolg)escrlptlon of the InF\)/entlon
at nospheri c

For the purposes of the present disclosure, the term “communicate”

20 (e.g., a first component “communicates with” or “is in communication with” a

second component) is used herein to indicate a structural, functional,

mechanical, optical, or fluidic relationship, or any combination thereot, between

two or more components or elements. As such, the fact that one componentis

said to communicate with a second component is not intended to exclude the

25 possibility that additional components may be present between, and/or
operatively associated or engaged with, the first and second components.

As used herein, the terms “atmospheric pressure’, “substantially

atmospheric pressure”, and “near atmospheric pressure” are taken to mean a

pressure equal or substantially equal to the ambient pressure of the

30  environment external to the apparatus and/or system provided by the present

invention. It will thus be understood that the precise value for atmospheric

pressure may vary depending on, for example, the elevation at which the



pressure may vary dependi ng on, for exanple, the elevation at which tth 22006
DEC 2006 WO 03/107396 PCTI USO3/ 14586 -11- apparatus or systemreside

dependi ng on wesnerseé ronnent al conditions maintained in @f@aghlddsy in

which. the apparatus and/or systemis installed. For instance, atnospheric
pressure at sea |level is generally under'dtood as being equal to 14.7 psi

absol ute (psia) SLEas at her el evations the
val ue for at nospﬂ{gra %é&sbr &Eﬁ’]ere& % g%)depen %ewgtenl‘"é%wt%& AIONS \pr eover ,
as used herein, 'ﬂ’ﬁ@taﬂr@ldrﬁ a&cmtysrpwenph thepparsius alid/orssystensis thetatied!. tFor  al so
-enconpass a smal instRRA&, Eirr‘/c%?kﬁgrfé%%érs@re@?séi Ievepﬁglﬁﬁé?alk%%%ﬁog% gJelX%o and

approxi mately 20 %) result 1n a uch as an
appropriate pur g?(ﬁ‘@' -4 p?'ea@m“tel\ﬂ?f'a) PIs0 BFirgaUR {RSiD) t Whesershatahighenc| osed
voI unme as 105 desevdtibesthb eded fobairﬁymheE@;sregéaFéwmbc%lg&nev&ﬁé@leés%F\Falue

"m croel ectronic a ener.i cal | erein to enconpass a w de
variety of ni croé\lt?:oa‘%jozlg\'rl\g% S?de%eé " etﬁea%"ﬁraé"w %‘é%@%‘%d%%‘?"ﬁi‘jﬁ’@dﬂ%

traditional int e@ﬁ@@@dmwmmall(p_b@)werm@sur(eae gobettveexﬁpp@maﬁatélﬁodna\el | as
noder n adapt at i Oéﬁpr%métlé@@otp%@ﬂilag%? s il'a LO& Jvi"ne%? Ch uud sé?{\\r/n%%% ?gﬁcm ni ng.

By way of exanple, but w't the sco t he
"™ croel ect r oni caRARRSAIeRUEING e ( PﬁcNddéCIEPU@taﬁélreuwwbgmlaseevolame gonbi nati on
of substrat esobomﬁbgdqgﬁ"k&rov\such as by anodi ¢ or adhesive bonding; and a
base substrate in coFﬁl nation wiith one or nore |ayers or filns deposited

or otherwise forned {REFEEHES ﬂ‘etewﬁlfiﬂ?{*ww%@@[aé%ﬁqséd gepgrically
semn conducti ng, Baeinitbi encainpasphrt widé ahriety af trhicesdaRi BHPBceRdRedye, or

structural | aye o i re mcroscal e
Structural or S Ssé“’ ol PN Mo el O e Hle-f RriRIES 0. g.
fil m deposition,and H’é A&l Meserd adaptations uef| Wl'f@ﬁhnlqyleecetsr unpthatﬁekg of spi n-on
coating) andhsr m%F@Na%hmlnbeCﬁW\lv @fsexﬁﬁplg but%ﬁhoﬁtlfﬁmr{égm% &G Ng, deep

reactive ion et Chleg@ 2 onbar dment planari zati on,
drilling), and/of B’é’ttf’? EC(PQ e8'rr°”"i ﬁ%ﬁﬁ? a‘1:"’=|”o'ﬁc'E“%ecﬁ\r‘l"ir@h?eﬁi‘d:J SR &s dopi ng.
The "microel ect r cmibinasioh st sutisedtes abnded t@ge}ﬂfee@;u&rs&r bPEnSRHEICRINERIELr i al  such

as bul k silicon, bcg{dlng é(}%fﬁe&asé lsbtgs?rgteflr( rﬂb"f}'la |or;,w one o(r)lﬁléf? lﬁxﬂr%oréﬁ“ & pr oduced

froma wafer. The "mcroel ectronic can co
wor k- i n- pr ogr ess9eR9sid Hnpthpriser ﬁ@tﬁeét é’esqoagéegorccmldu@wpl @ietadtrior nearly

conpl et ed degd cesend: btﬁlductmgcé’a@ﬁﬁo%teb@d?da‘l? IkRShARIRY, 28RS orRtrdMife Or

Instrument such l%yer%n g}or n gomblna'non with one or more microscale structural or
masking feature_s fabricated by additive techniques (e.g., film deposition,
thermal oxidation, nucleation, electroplating, spin-on coating) and/or removal
techniques (e.g., wet etching, dry etching, deép reactive ion etching or DRIE,

25 ion bombardment, polishing, planarization, driling), and/or substitutive or
implantation techniques such as doping.

The “microelectronic substrate” can be a precursor or source material
such as bulk silicon, or a wafer sliced from a silicon boule, or a die produced
from a wafer. The “microelectronic substrate” can constitute a work-in-progress

30 at some intermediate stage, or a completed or nearly completed device. The
“microelectronic substrate” can be a device or instrument such as an IC chip

with logic circuitry or data storage devices; a “system on a chip” combining data



with logic circuitry or data storage devices; a "systemon a chip'

conbining data 1 2 DEC 2006 WD 03/107396 PCT/ US03/ 14586 -12- proceskRrilfC 2006
and system f w@b¥1013% such as sensing and transmtting on ?(fﬁlsrﬁgiﬁse
substrate; a mcrofluidic chip or "lab on a chip” for handlin
capillary-scale liquid floms or stanpirig-bi ol ogi cal sanple arrays; a

light-emtting d ; a. mcro-el ectro-nechani cal
systems ( MEMB) déér\gnge%g'(’b oA er"éﬁaaé'ogs §ng“8ﬁéns 39 baprnitting ena singieret er |
capaci tive pressgibetraiersso lproﬂwdlclctupurf‘ta,b oniakiptbr mamg@pmaay scale liquid
m cr o- opt 0- el ect fifyPeHA lng%loloﬁ&%igmgle@%@ hq% & yayequi de,
vari abl e optical attenua r)g ogﬁ%tF&)Sr 2%l ectronic
devi ce; a phot onfigde @i micgo-plegifo- lﬁacﬁ@nlcehsygtemy MEMSz)xds\em eandeley or - based
bi osensor or Shemﬂﬁ:ﬁn@@éscoﬂ@ éEB@erGﬁ\b%F 'ﬁba&@@%@éshfeogbn%r W?Pumr?

y nanner.

"m croel ectronic, utbst l% i nt end
Non- i miting exaH%Fé‘émr e [TH’éO OQ%WQWWU% SVW%N@E’V@GGW%QB éctrics.
Furt her exanpl eswaieghide, tdnabie apical camsnueg@n@r‘ao)\nabﬁ@esmﬁb} cg,m opto-

silicon-containi es, and
oxynitrides of S|€l @g%@%g%ﬁ%‘(ﬁc dv‘(? é%%tifatﬁ’?r{)%o bf@%"wﬂ W5 | nGaN)
silicon-on-insul %ESS?@OE‘S’GOT@')O“G@QWHWM pol ymer s such as phot or esi st

conposi tionsjogl ass; Tﬁé‘&ﬁé’téﬁal %@ﬁ'z’p@é&ﬁ)noé'f' ﬂ@s‘ml@&@e&ron@rs%bst% |s not
crystal |l ography 0 b or any conponent

{? ?‘F‘Fﬁ oel ectroni c substrate”

thereof can be pPEAgH fade | f/“'t"sdi RgP&Y &angera| INgRdimitg| Wﬂpéqsalnplwﬁé or
am)rphous As ussshituededtors, mételsla‘htiﬂﬁlec«d@dﬂ"iﬂrﬂ@%xampl&&ﬁh&%tﬁé%é Darugi oxi de”

20 "densified QO e an_di oxi re used i nterchangeabl y
and nmean car bongednlegagﬂﬂu% ’ﬂﬁcton 'con C%P R °T@9“W§? -eRIEE BRPSt hat  of
carbon di oxi de Yhidenand Oa!rntfl@miobfzism@n )iThreup dkvieombsundegag., GaKbaR, di oxi de,
whi ch is nokrgal ingaR); $8Sorfdn- ﬁ&mﬂ&i@r@r@og ); daBBHTel &gﬁ'ﬁér@s%{h %sapéuaﬁp SIS?Sur €

(STP), placed wunder a ressure ener excee at about
21 C. 25 Gener al fqPogH SP\%quuaéﬁzb\@HOleﬁ%%Pﬁi@nﬁgthe@r Emrmtaﬂqgramytohat has

been placed unde rglblealbetrorﬁdf@lﬁstaité‘raﬁdlﬂ@brhﬁoriéhﬁﬁ@r’ééf%a@ﬂiejr%nﬁr?dm;?r ature to

enhance its den to carbon di oxide used in pressurized
canisters to ?ﬁ é(cry%tglg'?ﬁég&ggggamie oramogprl1 “Pire extinguishers or shaving

creams, densifi ed c &F bisad diessin. dibe  tempsy tdepsealI0s”, Mebmeacarieeh dibxiderch gr eat er
pressures, ezg.,“deRned G5 R dBﬁélfle@Q:grbgﬁ eRkias" ar{e Lsmﬁ%gﬁg%gtﬂyggd t hat

density, rather than te pressure al one greater
si gni fi cance for E?fh&mﬁg'of'ﬂ% f'?&he%ﬂtdewwg/mb greater than that of carbon

dioxide gas at 1 atm and 20°C. The terms also mean carbon dioxide, which is
normally a gas at standard or room temperature and pressure (STP), placed
under a pressure generally exceeding about 800 psi at about 21°C.

25 Generally, densified carbon dioxide is carbon dioxide that has been
placed under greater than atmosphetic pressure or low temperature to enhance
its density. In contrast to carbon dioxide used in pressurized canisters to
deliver foamed products, e.g., fire extinguishers or shaving creams, densified
carbon dioxide is preferably maintained at much greater pressures, e.g., about

30 800 psiand greater. It has been found that density, rather than temperature or

pressure alone, has much greater significance for enhancing the solvent-like
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di oxi de. See, Brogle, (1982) Chem Ind.-London 37:385- 390, mcorpb?aqE&d
herein by reWér@nees As used herein, the terns "supercri tdcGalsos A5
"supercritical phase” refer to a condition in which a substance, such as
carbon di oxi de, exceeds a critical 5 tér‘?‘perature (e.g., 31 Cfor carbon

di oxi de) and pr t oxi at h point the
rr;at(:))e(lri al) canngt e%rgwcrg% eﬁgrg ?lé)f'%t rog I(Bg&ﬁﬂ:lg 'Hgéﬁf“ cé(‘?t7i'liﬁ%add| tion of
further pressur e390Aincerpewtasdasdimby l'@feeertoer ms "liquid carbon dioxi dle_ a_n(cji
“liquid Q02" are us@duked ﬁ&&hﬂﬁl&%@ %gﬁ%?c Qv%lﬁagl.ga%ghng&a?%é%? (efde | 1 QU
or m when

form Carbon dioxide 10 takes a 0 a pressure

of at |east abouf aoRqitignip whicy Prslé%s(ﬂfﬁ& S¥gh apcarppn Cthxi%l epesisatcitigah a

tenperature rangempetangere.ghauiC 1 6arBon iokiaey ér%ﬁ;ﬁ}@&:@'ré“& d. 07(;} %ﬁ for i pgﬁl g

t d about S to the cr
(F:)glr 8021 gln ox?dce)uh?ggoimg%nm ta?wéqugérgﬂ’ égzgarfal Ba"?‘o%ﬁ?cfon%ﬁﬁﬁ"a‘ithf “@ﬁ"i’ﬂ and a
viscosity of abomhaS@daﬁpltﬁNﬁer@dltlbn quudhe prdssaredi oxi de can 15 be
di st ngui shed 11 om oekodhashoneledhe Ay dig s diaagden, Lbs gurface

tension, which is about 5 dy nes carb 2 R° used
herein, the ter nﬁlseguﬁ@rrce@nqea*a!mo mean; Qﬁfb%lrdmwedm tuiidtietm.n@arhen diodddon di oxi de

which is at oo alRrsea hdﬂ.ﬁd Wrmtwrﬁmsuﬁjé’é”f@@foaé Ffegsd?ja Pt I&s@%ﬁouﬁ BY1 b(éF' tical
pressure of 71 a be condensed 1 nto 20 liquid

canno
phase despite th rrrg‘?f% Ppg %toi?eqf'ﬂ? 'P‘H’ét} in 3 emRGfRiMre rm?shemeéaaw%tﬁﬁ di oxi de,
preferably |iquild(wrrespaneingito thie triple ddin) ahcraﬁobmmzd’(wétré@on&ﬁg\tobﬁe enpl oyed

t he net hods at e i.nvention s not ed t hat
Io{]her nol ecul esaﬁgﬁ} ﬁ’F[enlg %Bori gig)g% ﬁ%%gcaﬂs'té{lbgg eeng%‘fﬁﬂ o?%%l al one or
in mxture. Thes®oybl gsb"plégdﬁwemwf abeut 097 eNof. Liquid tagmbn2Bxide camret hane,

et hane, propase, b@ﬂm@u%he&ﬂbrﬂ%er ?n&%@to%snbo:@ dlRRNEBEsed Vi ‘3&(@”9
n- hept ane, et hyl et hano i Sopropano benzene,

gne
t ol uene, p-xyl engns'g'h%lﬂp”y%i?tlﬂk’fﬁgﬁ’eﬁlﬁi"cf?ﬂtql“idﬁﬁ{’j’ef‘éw%ane
trichl orof | uoronet hane uspembfeupnmpreﬁﬁammeraelhégpmgdlJa}uéﬁrdmmgha@gns sul fur

hexaf | uori de Oz%nad?%éu \leq ?’lfjé a??lj &%V% ﬂ’le Crl lcalll§empe&?|g ﬂ?hgrﬁnp;er m"fluid"

h
is taken to nmean an ase o not % solid.
Wiile a solid ca‘ﬁ""?%ﬂ%stsu'terfé 7&@{!51‘%@5@"@@#”@51‘/*/?1@?1 cehrd be somdessediiytost at i ¢

def ormati on, 2@ filquidhhesd a&dpits e L@ditidof iGHHar Brosdurd | Ui d i's

Densified carbon dioxide, preferably liquid or supercritical fiuid carbon

dioxide, can be employed in the methods and apparatuses of the present

invention. It is noted that other molecules having densified properties can also

be employed alone or in mixture. These molecules inciude, but are not limited

25 to, methane, ethane, propane, ammonia, butane, n-pentane, n-hexane,

cyclohexane, n-heptane, ethylene, propylene, methanol, ethanol, isopropanol,

benzene, toluene, p-xylene, sulfur dioxide, chlorotrifluoromethane,

trichlorofluoromethane, perfluoropropane, chlorodifluoromethane,  sulfur
hexafluoride, ozone and nitrous oxide.

30 As used herein, the term “fluid” is taken to mean any phase of matter

that is not predominantly a solid. While a solid can resist the application of a

shear stress by static deformation, a fiuid cannot do so. As long as a fluid is
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the fluid will respond by noving and/or deformng. Thus, the term "f} ®EG” 2006
enconpasses, wayoswapeof exanpl e, flowable nedia such as I ? 1skapors,

and gases. In addition, the term"fluid" enconpasses super IRl f1uids.
Moreover, the term"fluid" enconpasses -f#xtures of |iquids, 5 vapors,

gases, and supercrlt s wth s articulate matter, as in the
case of particlées {eﬁél%%lsr‘eﬁrgreﬁ Hf%‘q$‘wwe§5 NSEPRMONG BRY/AT JREBING, t he ter m
"processing nedi'[mis the tegerituidiiehgontrakess, bowaynaararaply, fblvibie niediatsaéd e f or
contacting a sub 0s r rocedure on the
substrate. 10 Asgsfqug] hg%(gaoré %d%gg% i g%d't%ﬁ {hreetéarsrﬁr ‘dagé)éﬁgrpﬁﬁs

enconpasses pr edPafcadca) idsi NQFGPVan*atEWOfﬁmﬁbnq@uma$aevml>qhnmmLmisabove
standard  at (@S agbist a8 Saidslndi bl o 'vin B QRIS O00RRd 0. As used

herein, the term"vaguum' genera enconpasses pressures ' ranging from
approxi mately 10°¢¥ W”"ﬂ?f“iaff'eﬁf%éb E?Wét'%"éssure 15 As used herein, the

term "processi ng" i sAtalsed hér@mﬂﬁéﬁer&ﬂ‘&br&fe@ﬁl@gjer@tum@%déénﬁféllpﬁke@:fb a
Ition o ayers;

substrate, incl esse

removal of | aye&gé%nry ?I Pfgr‘?g'%tbk ??r cg%t?%'ng(?rsu?) E\W‘%B'ng R¥PYRE %ﬁfﬁ?ﬂ"f‘%t e

|'i t hogr aphy; netaprloredure @hfhe@ms‘neu on; and the intentional doping of the
substrate orqdayers wstlyel Makid, tth@%érm bfighe Fﬁg@g\}m’p &%paﬁgee%g,g Heas @NNealing,
20 sintering, heatlng coatlng | at1 ng ress o strain re?levmg)
stripping proce¥sy E(Se YONgr BeBval ”W'“ﬁhé?%?véspgeﬁﬁwe caheae ﬁgﬂqard)cesses

(e.g., renoval Oeitmoﬂﬂﬁncﬁte@hlré@Sﬂs@l&)a@mxlmd’t@f/B@!bt;js\@e coatings, or other
resi dues cont am nankg ags ient .materjals used in the manufacture of

ni croel ectronic corrponen‘f'd Serem etea?y‘faﬁb“rﬁr%?@ YeQNCPPFSSEs PERdifes  of
t enaci ous sur f acrengih@iray apprEximstelysld Toeupitoatmdspherie presiiregh- st r engt h
material " means any mRY,EEd @rein, %v,!eﬁlg:{%ags% Iss{a[geqngmgﬁ 92@@ oc?&l mately 120

MPa- or greater, wi th one non- exa el n As used
herein, the ter rﬁaf%‘%?r%wcﬁﬁ@%@%ﬂ%ﬁﬁ{dmﬂd@@mmwprmms @ry, adq!apvepi al

resistant to undegdrs; arbh@vél&ﬁ@éy'eﬁén%oﬁ@ﬁél bt Ia'S}Qrsf BPH&rﬁ&Et &Cthe Wb&a®e 30
pr ocessi ng medi um\ such corrosi on-resi st ant

material " can constd e mf?as"%ftioﬂ 6‘8@@7“(’8 gnd tE? dMATHOEY dening of fPRSTELLOY(r)
grade alloys sugystiaie ©r davesndittCnpr6iiess;upstraers t eodessesSeay., rﬁrasslmgt eel s such

as AL- 6XN(r)2@ndsintering, heating, coating, plating, stress or strain relieving); stripping

processes (e.g., removal of photoresist); cleaning processes (e.g., removal of
post-etch residue, anti-reflective coatings, or other residues, contaminants or
transient materials used in the manufacture of microelectronic components);
and drying processes (e.g., removal of tenacious surface fluid).

25 As used herein, the term “high-strength material” means any material
having a yield strength of approximately 120 MPa-or greater, with one non-
limiting exampie being SA-723 steel.

As used herein, the term “corrosion-resistant material” means any
material resistant to undesirabie reactions resulting from contact with a

30  processing medium such as a cleaning fluid. The “corrosion-resistant material”
can constitute a solid body (é.g., stainless steel, HASTELLOY® grade alloys
such as C-22 and C-276, superaustentic stainless steels such as AL-6XN® and
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stainless steels, MONEL(r) alloys (available fromlInco All oys 12

| nt er nat i onalwo bamo7396 Hunt i ngt on, West Virginia, United Stp(tﬁl% ?I 4sdaerica),
ferrous netal materials conprising at | east about 8% by wt. ni ckel or

at | east about 10% by wt. of chromium-87-applied barrier coatings or

I f jed barrier materials
| herude poi yt ot r Sz 88 s FE AR g o, MUNSS alonE RlaikEibkametre AlwBEK)
per f 1 uoroal koxy (meagtionaplob.yihetiogibh, oY est Virditia) Qnitet iatbSorandnez)) FfEr)ous :
pol yvi nylidene f gy h%?en(aP\é%bnsmgLAt LJH%LF@% Bg{\]ﬂr ofdidal (?)rlalt L?F%lgg?utyner S,

thin films/platings/claddi ngs wt om um chrom um
all oys. 10 Refer ra Y et esomieR, e 3@B¥@§Dafrlﬁh@qeéhg$0ﬁr¢@émemé ehlapriodgtinghar act er s

refer to |ike paﬁ(irﬁpléﬁéf%uﬁm)épphéﬁ'Ehrﬁ@rrﬁa%tésﬁ‘ﬁﬁdg)r?grpgfy?eﬁr% lg)golett (IEIeF %guags Il'SA‘
aratu

g?hgzgt |2§al ?y i Iéﬁ_{ @l’r at ?Jy ﬁgstbﬁ'%?tﬂg ce (RFER. '? h@eT”HW@ﬁ‘!‘@éyn @Ebbt rate

processi ng appar apumom&hlorcsrrfppmbgwmbé YPOPEE)a ploRvihyidehd kl@c(ﬁ)nrd@;PTvW dlpftelsgﬁ:e

oper ati onal stat

sgbstrate pr ocesgﬁ%ﬁagﬁggg f i ggbsgﬁﬂ"tﬁ'”g%@f‘%\i @%’Eh'i'aﬁb%t at ;as

Figure 1 A depi cl°§'°§U-l5%PfrfUEtké %‘F%‘é@ﬁ"%@ apparatus 10 in the substra ;a o

| oadi ng/ renoval st at eaefé‘rhwdmé%m@é{)&é WherRIAGRE fe?%;@no@ R&r%ét% ’P%eﬁé’para us

t he substrate proces state ntinuing wt I gu d 1 B,
!szbstrate pr ocesg E@P o4k aﬂéPaé‘éU'HﬂVd&Eﬁfrwgdﬁﬁwﬂr%e% éBrﬁaﬁﬁAchanber

general |y desi gnaumﬂ'a@promdn@ abﬁaraﬂa,ryeneﬂaﬁy BN Gt m t le&ml&”ghanber 20.

In a preferred e boundary. 15 is provided by a substrate
suppoPt surface gg%ﬂ%é?ﬁacctor ance 'P\ée“g sﬁ“%%{{ageng YPqanpeRiued0 generally

desi gnat ed 40. N@mefemmeraéle in eltbnpoﬂtwesllsmdtrapenatmhalrdm%s—sé §ubgfra4ée 2? t hat
nat e . Supstrate
defines a naig Clﬂﬁmﬁﬁem%?g tQ ora %hgﬁ%]s%ﬁ% Jug%tg[? procossing stale—andjs | ¢

support device 40 js adapted to su
Sugg trates S pro@fysaple He‘t"’ﬁ@‘ ?‘8?911?”81’5‘% &raire tAqsipistd Jupstredero@B6ingm or 300

mm di amet ers. HowpyRatus 10En itRY QDbdtAR Io'éleQ/Fechvbln%tEt@d hﬁ] xféa{gjldbﬂ such
standard si zes an%sg contain substrates ran r oxi matel y 50 to

450 mm i n di anet ér. ml'% TR 3fParadis N H@ﬁgﬁqﬂﬁws@s'ag ﬁ‘ia@r oel ectronic
substrate as broadl y Glefinuredvithefigireratroare, 1B(\sdd§tr@cé chéMgtapp;irhﬂugﬁo | ayers or

enbodi ment , Subs rark hREa E e Rty ol o A g ey

enbodi nent, substrat por
15 movable within main chamber 20. In a preferred embodxment movable

boundary 15 is provided by a substrate support surface connected to a
movable substrate support device, generally designated 40. Main chamber 20
comprises a main chamber structure 23 that defines a main chamber interior,
25  generally designated 25. Substrate support device 40 is adapted to support a
substrate S such as a wafer. Substrates S provided in the form of wafers
typically have 200 mm or 300 mm diameters. However, the invention is not
limited to handling such standard sizes and can contain substrates ranging
from approximately 50 to 450 mm in diameter. The substrate S can constitute
30  a microelectronic substrate as broadly defined hereinabove, with or without
films, layers or microscale features fabricated thereon. In the illustrated

preferred embodiment, substrate support device 40 moves vertically within
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between a | owered position (corresponding to the substrate | oadi ng/i1 n%!%/ I
state il |l ust veao exhotsns Fi gure 1A) and a raised position ( ing to
t he hi gh-pressure substrate processing state illustrat edcﬁl{nﬁﬁ—‘?%gér%e 1 B).
Hence, the preferred novement of substraf@-support device 40 5 occurs

general Iy al ong, o | wmth a central |ongitudinal axis L of main
chanber interior {in bglclsrpﬁ%és@rr 5}?”88‘“%5“ ﬁﬁ?WﬁPOS@BHg?%WP@dWEﬂ%”ﬁ gures 1 A
and 1 B, subst r atSbgieiieadingitpmappata ilsstrad irafigare nARART ARlistd pOSIIHI Ses a
support devi ce 40 EoamrEnE YRR Rne Sl iE HoceSu b9 WateT Bnanber -

support device 40_is confined w ower ¢ €hamber 60
conprises a | over” ¥ Bl rHence 1he preéergd mayamentaf sustrate suppavedevizh aigber

interior, gener aldcyurslgenegdigttaRelg @R in dafhlid wihe - i ment ... |Lower
chanber interior 095 &’S .r&h Si ca?l.ﬁlmaﬂr?d flui a%?@%ﬁ%’fdgpge)' Al r'g?‘nof‘r@fﬂﬂ chanber
interior 25 by a Parti o re-Ardlustiatad Bgaowhat e 73 transversely oriented

with respect to Iongi@mﬁhmad;wm‘xhgurbs1A9aﬁdﬂ3,§thﬂs@rat%%de§£n&%ﬁ?r%ﬂ%% such 15
es isolation© ower chanber

as a bellows 74 ' 3B - 4D) ensur
interior 65 fr omgﬁﬁ)ﬁ&%rgg&rgérppqsﬁfﬁﬁ“)ﬂ %@%GtsmaluﬁaWeM- Atleasius
advant ageous| y prarigedf subspate seprortidegicer@is @bhiBd Afthis M eABidAMal ggrat er i al

into main chg L j ont am nant terial can be produced
as a result of ?_Egbﬂg%r%?{gtgfgﬁﬁg ér%%gr;ﬁg%‘%‘?{tcga i%@g\m?ﬁ Hai grfies hanber 60

as 20 described H¥Yesphaselesinterias gereralysieeignated 6. goia@seidfd erdddinkegl | ows 74
al so isol ates nmgdwir dREMBE! i : i.L t_external to substrate
r infeltol B fphﬁ]c%@}’ shd ML) %pgﬁgedzﬁg:n

processing apparatus 10. Continuing W gur es 'WBstrat e
processi ng appar &0YBPel dNeRQi Byt a PaRieN Besnmsuchtasrd aate THpaavently 75, such

as a vacuum gat e ovieris®wit reépecB loABELGRHE AR | ich
provi des a se%I ed. i face b : i MU%lé/@a}{ﬁq%rﬁ%E@e%ﬁu\éﬁt he

d rgeﬁrvflailg be;;\(\een mai n_chanber | nter
envi ronment ext eFnal "3 oVS (b 5P i res 3 e 400 Appurespaiation el Iover chathbee devi ces
sui tabl e for i nplrderiontest iran rasin i ohbMbéraRfrioC SNPARARE ASmBE sl @bl e from
VAT Vakuunventi | %d@ﬁx %B{}JD . a "ﬁ itzerland. Interface conponent 75
a i il .
can be opened to adm&b a Qg\{'dreg'?%grgﬁ &Aﬁéﬂ'qrﬂt NPeANEaENIBRTE mategalinte obot i ¢
p ! S , ;
conponent (not sHHHCTRMPE igigriers251 Sugim dontamiBint mMakeial camtterfreteec@mponent 75
‘s Tn it FatUR of tHeCopbrtish loALSHALHARL e Lot |
is inits open stauRof ieCoparldh bRESHALHRRL MFingdeii-Cws AN, L each into nmain
chanber int erzi or 25 ,go Loa_d substrate S onto o rBuSF Chaimief Qo as
0 described hereinbeiow. As best seen in Figures 3B — 4D, bellows 74 also
isolates main chamber 20 from the environment external to substrate
processing apparatus 10.
Continuing_with Figures 1A and 1B, substrate processing apparatus 10
further comprises a interface component 75, such as a vacuum gate valve slit
25 and accompanying valve device, which provides a sealed interface between
main chamber interior 25 and the environment extemal to substrate processing
apparatus 10. Valve devices suitable for implementation as interface
component 75 are available from VAT Vakuumventile AG, CH-9469, Haag,
Switzerland. Interface component 75 can be opened to admit a substrate-
30 handling device such as a robotic component (not shown in Figures 1A and
1B). When interface component 75 is in its open state, the substrate-handiing

device can reach into main chamber interior 25 to load substrate S onto
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and, after substrate S has been processed, renpove substrate S from nmain
chanmber interW@p¥BB% The novenent of such a substrate supgpidosARYd Ce

t hrough interface conponent 75, and into and out from main chanber
interior 25, is represented by arrow B.- & -The external environment referred
t o herei nabove c e the anbie nvj ronpent. More advant ageously,
however, int erfag"llegsg%trgrpsgﬁ%orﬁ gs\écesgé \78@’ a{?fsr Sé‘gﬁ@tt‘?’rét s befnr Regessefher f ace

bet ween subst r at eenpvesestaied® fappaaataiamber iaBtbr 28N Thé Blovshds bi akgahandl i ng
and/ or processi ng,jpsl C ith the inyention, substrate
processi ng appar at us %gﬁgrgﬁp %%%ggﬁ%ﬁ@d&e?age ?ﬁfmﬂngntt%a?”‘i@t%w%ﬁtes at

ei t her an i nt er néiPMmanaifpeienber ivtepersdss isrrepresentedibyamemB. Thus, for  exanpl e,

interface component e ghblng URLR: eldtet SRPIMIGALI AL Gt geD, MRl N

chanber interior 25 and the evacuated I nterior PegmbieHt st er
chamber of a cl uSPEPNTEYI Mogradyantagenusly hewpver inetacecomponegt 26 seart of an

i t f t I id, GirddE] e gl i f 15
equi pment front esdnsrmetd, girddentaMuce J&N@&Fﬁ%gfﬁerrﬁ?%sgg? Qf\;}gaga(fﬁs fouR: ' N9 o

mai n chanber int elr“; or é% W E“g &j ther an atn uum-envi ronment ,

substrate proces& W ARG hgRdiDs apdipt Ripcessingmasde U8 ecqordrace Wit he pl unbi ng

mai n chanber i nt @wveérdion,2BbdtatecproctissiahsbaraG4n0Bah OB L6 A ModkRMHar SOUr ce 79.

Accordi ngly, [ : C vacuat ed prior to opening interface
188 Bp&&@ggteélthgp?n %{Lﬁa&aﬁ?o pg%-ﬁ Fﬂr?sﬁ ‘i'lg‘? |

conponent 75 in preparation Tor. yrerfiienvag ERUS2 9Tt o anot her
20 evacuat ed envEXasie: iterfape camprment7slopuidwevide dihidb@mulidatibabetd@efai Nt ai ned

at atnospheric RagSSHaBeOh L e pressure when it is desired
to purge main chamber 50 loﬁ‘em():ro%st gﬁfﬁgn%ogc%?e%g Bteg?re?ig}r“ﬁc rﬁ'tté?ﬁsif’éti on of

~substrate S. For °kamPer &t fedusiRiripels er ar 1aysephets mbotEeminpg papaf abus 10 can

i nclude a condui eqiidmdrfromleHdob@e BEFEN) 88 ontilate tgggire% upﬂf? dpi trogen
into 25 mai n1§hanber froman. inert %as supply source . e lnert gas can

then be routdd FEOFPABPS UrigrERWIh Aither AR AtESPheTiconRFuEmentcnmest | i ne 77
connected to t heubhsaate pmcesuiigcapparatusertl indigied vickRakPline 58 pillmbiig Case

where substrate [ nNg a ratus 10 is coupled to an atnospheric
nodul e, i nt erfacg% rngcﬁ_r%%%rg'ﬁ?”cgggéoa?ns%téh‘?é’a%masoé‘éc&ﬁ’fﬂﬁf \}er‘é%meﬁ%-t he
at mospheri ¢ noduhecostingsh maindchambeaR0 oart be edaouated pritvetohipghinginesds € ¢l eani ng

process descri bedomfpeRiZBRehR¥aral¥? fggﬁ&&yg&gli@qé#%ggrébleﬁgg?o alno%heP E C 2006
20  evacuated environment. Alternatively, main chamber 20 can be maintained at
atmospheric pressure or at a positive gauge pressure when it is desired to
purge main chamber 20 of contaminants or to prevent contamination of
substrate S. For the latter purpose, substrate processing apparatus 10 can
include a conduit 81 for plumbing a stream of inert gas such as nitrogen into
25  main chamber from an inert gas supply source 83. The inert gas can then be
routed from main chamber interior 25 through the exhaust line 77 connected to
the vacuum source or venting device 79. Also in the case where substrate
processing apparatus 10 is coupled to an atmospheric module, interface
component 75 can serve as a secondary seal to the atmospheric module

30  should a leak occur during the high-pressure cleaning process described
hereinbelow.
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pressure substrate processing state. As described in nore detail

her ei nbel ow, wewnetwat e processing apparatus 10 is desi gnﬁdmrjia'y%&ak% DEC 2006
sub-chanber, generally designated 90, disposed within main chanber 20.

Sub- chanber 90 5 is capabl e of w thstandi8rg hi gh pressures (e.g.,- as high
as approxi mately 500% FSi g@u‘%{e) while, at the same tine, is maintained in
fluidic isolation fr6lU{ehdB qepflsy ByasEate RPERsSIpe PParatye 0. Bnive Mighnent

mai nt ai ned by mapressufasibeiratd froc&ising stiid Macles&@Bet B nfi6 HAGEKEEYoeRIN, UPPEr

T over sub- chanbaraareaSudebiels gorh delme! W Eree upardareos s a
circul ar or subspenetdllndesigratad®ol disposad githin aasi ahginber 20 Sabichamnes 96 at er al

sub- chanber sygrf acenB08f wiktnd4 W oyt . L i ndr | ol une
defining the int er,ig%r of jsub%ﬁawgﬁéeﬂ‘rptrgsgaﬂgfﬁégg'b#ewgg]rarseépmémalfeﬁ?ﬂ)%aI profile
of this interiorPHERYI MR 85thesameitimey isdnairtaiapeindlidinipsticatiom3he and t he
SUbStrate S Thi o ont Lo ar ok enoh Aok et IR] me oz a8 et er of 19
sub- chanber S, 3t %‘g'Slﬂ'?F'PﬁﬁdrﬁycﬂnétpPP'b%‘PiCBﬁmB?f%Hﬁw@&ﬁ pRe orERira (e. g.

cl eani ng fl ui ds) latetal stiftehasnbet atfaced 90BI REE b HwRr Sub-cMaRbENEHBRYoddThE Oves t he
ef ficiency an eIfi CaGY of the{ gesi red processing events. Continuing with
particul ar refer SREEG Y HlhpLety I‘:s,a‘f'rﬁ“'ﬁf?féi‘bﬁi‘ﬂ‘“?'g(r?ﬁ@#a’"‘Q’(ff"r’saLPb’&ev ate
processi ng appar edntisudl® laeyal stizbhamine esusgbdec 9GER tisvp@Nided 30 SWBS] bat £

| oadi ng/ r enoval : - at ssi tate, .at_least one of the
surfaces encl osi Eﬁlﬁ%rﬁgla\é%aﬁgéﬁnré@ ﬁgﬁgt.gﬁgn%\?gg'lcia'@%eﬁr?garvel%re{?gg%ri bed

her ei nabove wi t heyiedrisakpiefie of thiFinigrerapprox)matesithextircliesstpeaofsorstraili$, of such
surface, s MOVaR] G GARMLNGT FOGRIBMRVig 4o ifarCloe MG for L N 0L her

surfaces 25 encl osi ng sub-chanber Thus, ustr preferred

embodi ment, 8ppeteskEs Sc RRRERTIOURHONRBIMIEES thgvgauired uelume eiskb-ghembser sur f ace
90B are fixed, 8Nloh6we Lniforh-dRHBIRET of Ik aHRy Rk 1e5g R AL Auibd)

engagenent with _lateral ,suyb-chanber surface 90B. In the preferred

enbodi ment , | ovvep‘es?ﬂ'ﬁqce(%ﬁ%g?te gu??éﬁ@e%@pf%e%@gSE'F'EE“é’(?”Weff'ﬁa‘é’lﬁ’bst rate
support devi ce 4teangre@Preonesgpng evestsa substrate support surface as well as
any base conponent oonhdidgwitnh fa,pé r ur f IS unted (see,
e.g., novable chanber °"baé'{§,4‘5 ﬁ ust?éf?%ﬁcﬁst\boﬁgﬂ%r1§srn3%ggr tﬁlf)?”%éub-chanber
90 is thus prRBf epuPsirgie prosessing appawius\ip adipstadly 3p@atPepstwsaBitslstbSeate

loading/removal state and substrate processing state, at least one of the

surfaces enclosing sub-chamber 90 (e.g., movable boundary 15 described
hereinabove with reference to Figure 1A), or at least a portion of such surface,
is movable into sealing engagement with one or more of the other surfaces
25  enclosing sub-chamber 90. Thus, in the illustrated preferred embodiment,
upper sub-chamber surface 90A and iateral sub-chamber surface 90B are
fixed, and lower sub-chamber surface 90C is movable into engagement with
lateral sub-chamber surface 90B. in the preferred embodiment, lower sub-
chamber surface 80C is associated with substrate support device 40 and
30 comprises a substrate support surface as well as any base component on
which the substrate support surface is mounted (see, e.g., movabie chamber
base 45 illustrated in Figures 8B — 4D). Sub-chamber 90 is thus preferably



-19- established by el evating substrate support device 40-and thus 2 DEC 2
substrate S itself-to a raised position at which substrate Sis seallngﬁy 05
confined w t woosaoizee chanmber 90. Substrate processing app%@gdéﬁ‘#% i s not
limted to the enbodinent 5 illustrated in Figures 1A an ) erein

| ower sub-chanber surface 90C constitut®®s novabl e boundary 15 and novabl e
boundary 15 is ne k@ghccgél%/ referenced to substrate support device 40.

Al ternative arraﬁ%% D FIBVANRE qubsIgtesHePar ARYice 49rmane dhusi subsiatea® ed by way

of non-1initing isetirbesaised poliorsdtWaich biRFate 8iaWd08s @hfifdbkRsu2A - 2D. In
these alternati v&a%(b\r??g enents, novable 10 boundary 15 i1s mo‘ependent of
substrate suppor eVvi Ce€ 40 such that substrate support device 40 is not

required to functi on Sabstats phetssiigeapphtusng EBENRRHSETD thd Brbdde® 2A

| at eral sub-cha I 0 n ower sub-chanber surface 90C of

sub- chamber 9 gtrﬂ ggtgféaet’t 'F‘gﬁé"rr% ﬁs’f’;\t%&gr%v\g'ﬁ?rg'”é%ﬁrdﬂ’rbif’%f@%ﬁsS%@F%3?%d
downwar dl y into ewwliuieg reavgblgdeumraryi dnd rad\ablel bosnderg s heschanisdipnce 90B to

15 provi de upper rcdibrndel Rt Ed f -chanber 90 I n Figure 2B,
movabl e boundary 15 is a door. of gﬁg&? 5‘@‘ fo‘gélgact G Al EPeReBR g N8 r ect i on

paral l el to | ongPtiainygntionredliystraigd by waseof aen-tipiting ergripteslirthesimplifisaib- chanber

surface 90B. | n &aglge of Eigure\apl epb an iias YitdrRative a@raﬂ?é?ﬁerﬁ’g nfRhie that 1s
actuated in a}odl ectloq %en%tr?all tangential to longifudinal axis L and in
B ARdpe

paral l el 20 wth{’?“rﬁ‘g? NEof SubRYatersypRorisienies A8 sygh that substrate pl ane of
t he sheet cont ai suppgrt dévicpres A6drequirad fol fgnbtien 2dh stiBavaRIRING AUEERIMK. 15 1S

actuated to rotae. vilinear path w respect to | ongi'tudinal
axis L. A parti cﬁﬁ:éﬂr‘%/@%lv%rﬁ Sgé-ech rggega%q%pépgafﬁ WBIDCHaResa3ge t he
invention is a #@pipbebsmbe Wis statmnerycareambvagleboosesp15 i§ beustbgh- pressur e
substrate 25 cl @ammragdnPihR)(‘s%té@g%%gg%ﬂn'ewwi{h%’@#a d?euf?rﬁ%)éﬁ@%rlsgﬁgc?eéggt rate S, or

at | east a surface thereof, cessing ne B‘Py is a
densified fl UdPd RQ¥He 4BPer Sybrsharmleriseidce@OA, of silrohainOB0. o Figtra e,

chemistries as dabidbeabshaBl 82 Phoor o JIR! RaliE RIARIONE, Sfedilli S PUr pose,
and referring back t? Figure 1 B, substrate processing a?pparat us 10
provides a procel&d gt‘?r@g“p'ﬂiﬂ"?bﬁﬁﬁ} 10j giesesqm epening indatersd simemnbeb- chanber

90 for conducti ngurace©eBsilmGigiRi2@, Hdvabk douliaAE €5 & £ dodras i@ s4Rp! ¥ sour ce
103. A processing, ' [ 3 to conduct the

fluid, and any con‘fr%?na iﬁgltdﬁ%g"%ég?'l%ei'%ﬁf%‘gg@']aﬁtaﬂ%i‘gﬁi H%Y%g@ef‘dz'@%a“ev\o
03/ 107396 PC#P USEiH) the Bigae on which substrate S rests (i.e., the plane of the sheet containing
Figure 2C). In Figure 2D, movable boundary 15 is actuated to rotate along a
curvilinear path with respect to longitudinal axis L.
A particularly advantageous substrate process enabled by the invention
is a high-pressure substrate cieaning process. The high-pressure substrate
25  cleaning process generally involves exposing substrate S, or at least a surface
thereof, to a processing medium that preferably is a densified fluid such as
supercritical CO,, liquid CO., or other chemistries as delineated by way of
example hereinabove. For this purpose, and referring back to Figure 1B,
substrate processing apparatus 10 provides a processing medium supply line
80 101 directed into sub-chamber 90 for conducting processing media from a
processing medium supply source 103. A processing medium return line 105 is

also provided to conduct the fluid, and any contaminating particulates carried



- 20 Dby the fluid, out fromsubstrate processing apparatus 10 to ay, pge 2006
processing mnediumreturn circuit 107. Preferably, processing nmediumreturn
line 105 exwamgomsdsr ough the body of substrate support dRyhegdds Once
sub-chanber 90 is charged to a high pressure with the processing 5 nmedium
a significant pressure-differential develops between sub-chanber 90 and
mai n chanber 20. TFe E_owered actuator (not shown in Figures 1A and 1 B,
but described h&VeMnJRidoRlt oM ISyYLEte: BoRessinoampaEius: 10 Buppeessiiyi ce 40 to
its raised posi trediunt stumMecildGie oL, OPRESALSH, ﬂrdbegﬁrﬁgﬂhﬁhiﬂfrn”rﬂtuhhlﬁmec‘idgsure of
sub- chanber 90 2 ai nst tg fordceP u%)moarted by the high-pressure interior
of sub 10 chamb& 88 MR N R99% 87 syPRtale SYRPORABYES #9-0n of substrate support
device 40 is pref er@idesuashamberi9e & chiatghd wra highpreaaedvin frearassmgbet ween a

| ower end 109 of t [ 40 an | ower en 9 of | ower
chamber 60. reme%% esﬁgggll%ﬁﬁge%g&ga'g' ggeggaﬁfjﬁeeép qs%edvgga\é\@-%pg?r elow, a
backst op nmechania8mmedochamies 205 Ghe pryvedell actBifori(sotphown dipufesriAarglerti ng a
restraint menberygop FBSRBESheraindddy Ie%gggﬂ%%dﬁ’g%{'s %g”@(?ﬁgg%% to assi st

in maintaining substrate support evice 40 rais osition, thereby
mai nt ai ni ng t he 1QBXARGd PRRIPN pANEReuse to a88ist indTairtAINing dfe clastreyf satb- chanber
90 and relievi nghamBera dtfainkOBRE fdAs MRpdHed byURShiGRbRsSUPRRNL: Aeyi-ce 40
and/ or the | 0ad orHe t&y'a (ﬁchagi smdriving, substrate support device 40.
Moverment of FestParRe" SCndhBLtion g raisedpgsiiiqn of substinier ypportdsvige st r ai ni ng
position and r adireiblaylyassosttedi withtan inarea St dfrance bekh & PWer dnd 10686 esent ed by
arrows C. Referriuggraltﬁogxlto Ei gur A and 3 red structural

S

] PP St Bt 2GS i r o od0es Shiby B Pt o A

configuration for su
best shown i n Fipgeferably3®d asdbsdriberd in dgriblozeisbeigy, amaaksatpuigcAdhisns1400si t | oned

to operate in thgs e 521 I ' ' - chanber 90
exi sts within ngi n %Qg%%gé Z%Q pp%ﬁ?ao?é% &tﬁbghgﬁ%ﬁé}rﬁgggaﬁ}%ﬁ%eg vol une
rangi ng froni%pp¥dntadiieinprepeeditiearancedp gaeisti imaritgining substrate dugpodi amet er
rangi ng from appieGisé BBInlsYaiSl FBHib0 thePdty ntaihtaRing e s‘é?lgd,%-ed}@sﬂrec hanmber
structure 23 of substrate ‘)r ocessing apparatus 10 conpri'ses an upper
section 27 ser vigyraenent definad BysHbrrermPer PO and s¢jieying ke grialdeadiboms byr  mai n
chanber wal | 29,substchtereatipaht dakiadé @0 add/orathe Iaal bueChy a GROREIA &ivirg encl ose
mai n chanber inter] ral, section 29 of in_chanher . preferably
has an inside | a%éér:ta © §€Prpf° gg}gﬁﬁg,&ot Kvement OZa{gsttraﬁmeFﬁ’leTSy&? ’%d'élféc 2006 WO
03/ 107396 PCAQ UdnErdly sesrestraining position and radially outwardly to a non-active position

is represented by arrows C.

Referring now to Figures 3A and 3B, a preferred structural configuration
for substrate processing apparatus 10 is illustrated. As best shown in Figure
3B, substrate processing apparatus 10 is positioned to operate in the substrate

25  processing state in which sub-chamber 90 exists within main chamber 20.
Preferably, sub-chamber 90 has a volume ranging from approximately 10 ml to
approximately 10 L, and a diameter ranging from approximately 50 mm to
approximately 450 mm. | Main chamber structure 23 of substrate processing
apparatus 10 comprises an upper section 27 serving as a main chamber lid, a

30 lateral section or main chamber wall 29, and medial plate 73, all of which
cooperate to enclose main chamber interior 25. Lateral section 29 of main

chamber 20 preferably has an inside iateral surface 29A that at ieast partially



-21- defines main chanber interior 25. As depicted, inside |ateral 1sr?JbD§@02g05
29A is cylindrical about the central |ongitudinal axis of main cha
interior 25. widw3go7sgeyl i ndrical profile inproves gas fl OWHﬁRFﬂ}] ggm n
chanber interior 25 and, by mnimzing the nunber of sharp s GZtur al
features, prevents the accumul ation 5 ef21contam nant material wthin main
chanmber 20. An aperture 29B fornmed through |ateral section 29 provides

access between i TRIBPY REE PP aator 28 Asslepictef gusidssiaterahsurizepRoAMI mai n

chanber interi orcyﬂ@rncmwnttmlongwdwﬁié&&%fn@ﬁl &Qﬁb&%ﬁéuoﬁzéoﬂﬁg chamber
interior 65 and Cﬁ'ﬁ rises. a flanged A.eql on 67A, a lateral region 67B, and

an outer end regf r'@?"@mf“?f"ﬁ’r% grsdlowibrouginain ehambesntenon?erandy Bict i on of
pressure vessel smlntnhwng)memlamyemshaqisixruetufa‘lfe&tnlﬂﬂé‘stﬁr@ﬁ&xtsﬂﬁ@@@ﬁﬁ\ulaﬁ&par atus 10

is assenbl ed uppe section 29,
nmedi al plate é;y Ef%%ﬁ{a OWQIE R%ﬁe Qﬁwﬁhm a'Bf §rﬂ§’? %@r %”f?‘@rr? Pimedn  and
111B. Fasteners tnmough mallsz@Enc%mqusraCSﬁs begreer iraerfabe cohpaient 78 r engt h
bolts oriented i _ X o of mai.n _chanber 15
(@e@ﬁg@egq’}\ ) Q‘nd;nfhgn Srandt Halg) 7%)w ap”ﬂ?@FStré"&’:‘fei on 27 of

interior 25 and threaded into a relon
mai n  chanber st$1@rieees ?'QWaerBamP%tmj@wr5%gn0tm"®flsesaﬂang@vimgloolszktaer

structure 67. Hét%mfe@kbln)e?stmﬂ% o%%d&@g:&?ﬁ;ﬁ‘%é Eﬁ{e?éna‘icf‘?%ﬁ&rgﬂ?]ezg are

constructed from a hi gh- tren%'f]h material to w thstan pressure
devel oped i n'$ub®eh 8’?0 RresSUeSERL A RAMBATY strdatiire absubstitg Rrosesengt h
material is SA- 7dpaGinecio i285s88bleDSY s@btﬁﬁ:@'t&gdtﬁdr%ﬁ&ér%@l%n'i? :gr e 3B,

substrate suppor V., r ses an axially oriented

el ongat e menber éseﬁg%%gg 8 sl"Peﬁ}??él gB&%{‘?H&?ﬁE’ sufpbledastencss 1tidhed to the
upper end of shadnd #B31B. B(Etadstemm!sinam apd atl B £3n aodiprysl &r exBfipleedighn 67C of

| ower chanber st r ;V?\)?]%q : ' d axial.b re 113 and
115, respecti velgi%ﬁé rbgﬁgzn ﬂﬁgﬁ %th%he Ig@88ﬁ§§x'§ﬁgf'?m EE | udes an
enl ar ged- di ah®t ented@icbiasd thregded g & tanged ragion@7Anf upparection Paripairent
press-fitted ontgaghef dirdiie ﬂ_ﬁﬁdrfﬁﬁéb% r@éloWEgﬁNerggamrgéplsﬁucgﬁg gj! amet er

section 43A is confl ned to | ower interior tween nedial plate
73 and outer end 'F@@?b&h”W?eqt'f’“@ﬁi@t‘%ta’?@%ﬂmﬁéﬁteCéwu@edfrar@ahn%s

downwardly in reamhbmmdtéhaltbﬁntlﬁswr@@% fﬁl@i&ééﬁ%ﬁb&)&el&&%xr@'ﬁ%ﬁ%b@r@a 30
cont act i t h bagtePaE e S ARt e e A S tst rai nt nenber s
143 thus pré¥i de thésimpestrleanynilustratad doRfgwaras, rsmwaerﬁup@cfn Gevxstgoat e support
device 40. 1 2 %Qe?a%%om\ﬁﬁ)s&:yn %Z@%@ieﬁc@é“§8a% %é%geer such as a shaft 43,
and a chamber base 45 attached to the upper end of shaft 43. Both medial
plate 73 and outer end region 67C of lower chamber structure 67 have centrally
disposed axial bores 113 and 115, respectively, through which shaft 43 moves.
25 Shaft 43 includes an enlarged-diameter section 43A, which could be an
annular component press-fitted onto shaft 43. The range of movement of
enlarged-diameter section 43A is confined to lower chamber interior 65
between medial plate 73 and outer end region 67C. If substrate support device
40 moves downwardly in reaction to the forces imparted by the pressurized
30 interior of sub-chamber 90, enlarged-diameter section 43A comes into contact
with backstop restraint members 143. Backstop restraint members 143 thus

provide the lower limit on downward movement of substrate support device 40.



-22- As best shown in Figure 3A, lateral region 67B of |ower champe DEC 2008
structure 67 has bores 117 through which |inkage menbers (descrlﬂ

her ei nbel ow) waexosbat ed with backstop restraint nmenbers gddi;sg¥isggd. In
addition, bellows 74 is annularly disposed around shaft 43 and connected
bet ween nedial plate 5 73 and enIarged-dE&neter section 43A. As descri bed

her ei nabove, bel lR ; X O¥I de§3 se bet ween nai n chanmber 20 and the
anbi ent envi r onnent - 48 ov{?\‘é'f [19Y& 6‘3@%@%?%&33%9%@32@9%@@“&/6& chanber
60 to prevent cmaeamrmummrmfghnmmm Gibieigb erherRBers Q@éﬂchb@ghérémaélé\h)e
operation of the t wer .cha Conti nuing with
Fi gures 3A and 3§SE%E?§%§& 5&3& glt(") 'rﬂénu%%qefsa exgeﬂgpgﬁ'atddﬁ'e’(hb@&o“lfo noves
axi ally w th shaff4isigngatiyeiepesedarourd shatl 4aa0d copmertetbetPesi rhédi dlateand
consequently hpt W%%'ﬂd Emgrg@&’@lﬁ;n@[%? ?edtlQ@gémg&src%r@%?d hea}ilaab%ggo 10 at7e4| y, in

processi ng states of rocessi ng appara
the preferred ent%%'q?éﬁtsea'ch‘?bﬁﬁﬁérmms@mraﬂldmd)ﬂweantbwbsm\abmémjad;—down 15

devi ce 120 such afelaadabel &hﬁmﬂﬁ dREmBLA S grounted on
chanber base 45 constit ut gg t he ov\gr sggnarﬁ ﬁg'e'lrzlcgétﬁ%z écbe"}%entl fied in
Figure 1 B. Pref &PBmpaten,af Hﬁﬁbﬁhﬁ@?err@blrﬁh’“m f@ﬁhﬁ’tﬁepptraw abthencl udes a

scal | oped or recessponatOlithdNoWdrAnhMbetEoch a substrate can be pl aced.
Recessed sect{oon 45A ac mmdﬁ}h?s t he unting of substrate hol d-down 20
U3 8P BB

0
device 120 (Figures 4 °”(i'"ﬂ!ﬁﬁ UE$Ratb 8Pd 555 Ehatber Rasq AP &F supstraler f ace of
~upper section 27 suppataienice hambess a2RlNakitOsHaf a5 U&ﬁ@erﬁhé%@%b‘aﬂdloﬁ%‘é& on 27B
that alternately S bunda e ctiveinteriors of
main  chanber 20 pgjﬁldysm?ﬂéhgﬁ%eled?g@@ b‘sg{l IB‘? ?g]oﬁﬂ ¥par at us 10
is inits subst rsub@rafﬁme@gsmgﬂ?tssdts@?streie@messwtgapmrdiﬁs tmgagesingipper
section 27 in 25 @thg%géfg,;gdmlagheﬁpgﬁhrﬁmg)ag &?ﬁﬁj a@fsthjape S ! dZ%B and 45A

cooperatively _define sub-chanb 90 in part. aces
coning into dl% ecd[ewc%ms&erfa%wq:fer%g(c@r r\/(éQet%@Jf@ﬂA{-h@ mownteEs®i ng medi um

(such as the res:aeﬁabér\basém@haﬂute%%ﬁ@e‘ee§uméha%9ﬁ§urf§8&§d@ﬂaer?t?.e@ﬂd chanber
base 45), are qn%éstryg Sd fr ma corrosi on-resi stant mat er|a|
.r

Non-limting exa & r%tl}i theagiRRerTast weion 9t phasibet bane 4bdeedeslas i ncl ude
HASTELLOY(r) C-2Zcaltop&s zveecesmmrcmmumtm whithad @bmmes&a}ebe Pied.as all oy

AL- 6XN(r) or 25- %es%wg&gﬁ)l akd c’:ﬁhe | i ke. vel t he
5A
surfaces exposed to t FOCessin O%W% S BEEnGe Wﬁr %@%’ douth
PCT/ US03/ 14584  device 120 (Figures 4A — 4D) onto chamber base 45. An internal surface of
upper section 27 of main chamber 20 also includes a recessed section 27B
that alternately serves as an upper boundary of the respective interiors of main

chamber 20 and sub-chamber 90. When substrate processing apparatus 10 is
in its substrate processing state, chamber base 45 engages upper section 27 in
25 a sealed manner such that recessed sections 27B and 45A cooperatively
define sub-chamber 90 in part. Preferably, all surfaces coming into direct
contact with, and thus wetted by, the processing medium (such as the
respective internal surfaces of upper section 27 and chamber base 45), are
constructed from a corrosion-resistant material. Non-limiting examples of
30  suitable corrosion-resistant materials include HASTELLOY® C-22 or C-276,
superaustentic stainless steel such as alloy AL-6XN® or 25-6MO, MONEL®

alloys and the like. Altemnatively, the surfaces exposed to the processing



-23- nmediumare coated or plated with a corrosion-resistant barrier 4, pec 2008
material such as PTFE, PCTFE, PVDF, nickel, or chrom um Additional
structural amdapenstional features of substrate processigeysipRaat us 10
will now be described with reference to Figures 4A - 4D. 5 Substrate

hol d-down device 120 is nounted within ré¢essed section 45A of chanber base

45. Substrate holgsfanw i 0..i.ncludes a substrate support surface
120A on which a gﬁebst ra?g&ggﬁ&@gea% %devf"g]E\%rrBT'%@Sﬁﬁnh@r%Vateﬂé@P?% securi ng

t echni que, as woTHELRCHFHH HVERT nickel,omehrofmivor.di nary skill in the art after
a review of our pres (e i sage or 10
Vi ew ur p Q(Hdl’n@hﬁ%ltrgéb'rra?ar%dgﬁhqe('gefllhﬁ%g%%urgg ol &bgééa P%ﬁ?ﬁf'nﬁl ui dl'y

passages 120B are fornmed in substrate | : evi ce
communi cat e wi t h 2BPHRYE d9syik qoiebr drsasibed afth geletance 1 Figurddr ok esah.ng  medi um

out | et condui & 1Z3bsiratd Ral@abyn QXM it HoRHEH wiHi ofds device 40,
including a | owe ction %ang;qlsshaftl 43 thaﬁglgzé%eggﬁ%gﬁg Ista‘t\xclqal bore
5

r. s
115 of | ower char‘f%%rﬁb%d’.aser 1R ftokdsdavedayise gl 200ipcledgsm agpstiateaddi t i onal

15 fluid bore theough stiecestaoAcsrinicioh sabhiftd Girfodha8 BSShaduARRAL at us 10.
is in the substrate processing

When substrate ' ratus 1 , Or

state (see, e. g%%ﬁ%?ﬁ”@gg %@P@?\uﬁ ’ QLW?”?%WPEHEHUQP"Q@ Fdivasyed!ineegral | y
coupled with a BRAHessredewolounprebent dzalobure Then pisrital alhidt fa@sEasessi ng
medi um f | ow pat hpaskdasdd = ) includes, brocessi ng medi um
suppl y source 20pi03:§ p%eé%ﬁ?gﬁéa%g%ﬁ%% J APy Sov e 1 oaﬁagiu'ﬂlﬁ'ocessi ng
medi uminl et coftMIPHN48SY Yith snpEPcessingL giadiuppedties eetdubm237 Rribcesing chanber
20. The part of niddRmYLOGRESIURE 28BdicrBN d Q)ﬁ{g@ rom

sub- chanber 90 i gﬁl.ulge i Pt erI na?&gassaég%“%%%ng? su ést%%@é;%e(\)'ica- down

devi ce 120, outl &r*' Lﬁflil?ﬁ oygrsection 438 653Nl 4aihent paAsIes thrpughl axiabbd®5, and
processi ng medi ufit5 eftiowet chamisetie. T88.elidmald die Ae2Bdbd iy efnaéHdﬁ’iBnegassage 129
formed througg I ﬂﬁigB&Je Iﬁrg&thi a0 t29t rov%lges fluid communi cat1 on bet ween

mai n chanber nterrorcanoudd ?/3&?1}&?8?1 giyate propessig @pe@rates 10.hWbah exhaust
line 77. Anot her Sybsittalprqvassingepparanis 10sipeTihb st SHeMEHg E@leTB t hr ough

| at eral section i [ rayides fluid commruni cati on between
mai n chanmber int g'?’i'g];g_u%4gnag1la?‘ﬂ’fstw'égasm%%¥8?‘@9",‘35[\'[69%@ oypledyittcad 83
through |ine 81 PQESSIPPFradiim flow patir Eheparbbfithe ploesssingtmemiunatibvapatpassages

are oriented appusstiesmtihysdcHdfBHEEOFINELESE 58l HekiumM b, EsReCt to the
central |ongitudinal axis of g_‘ai n chanber irﬁt erf'gé pr%g'.um\ié@g%é%i%% WO
03/ 107396 P {Jusbgﬁf&%cg%smg medium supply line 101, and a processing medijum inlet

conduit 127 formed through upper section 27 of main chamber 20. The part of
the processing medium flow path downstream from sub-chamber 90 includes
internal passages 120B of substrate hold-down device 120, outlet conduit 123,
processing medium return line 105, and processing medium return circuit 107.

25  Additionally, a radial passage 129 formed through lateral section 29 provides
fluid communication between main chamber interior 25 and vacuum and/or
vent source 79 through exhaust line 77. Another radial passage {(not
specifically shown) formed through lateral section 29 of main chamber 20
provides fluid communication between main chamber interior 25 and inert gas

30  (e.g., N2) supply source 83 through line 81 (see Figure 1A). Preferably, these
two radial passages are oriented approximately 60 degrees from each other
with respect to the central longitudinal axis of main chamber interior 25.



-24- As further illustrated in Figures 4A - 4D, a |linear actuator 4% b% 2006
coupled to |lower section 43B of shaft 43 of substrate support devicCe %
Li near act ustoonnéBepr ef erably conprises a stepper notor gaad onmgear, but
could also conprise a pneunmatically or hydraulically driven piston, or
ot her suitable 5 device as woul d be app&4ent to one of ordinary skill in
the art upon review qf ur.present _disclosure. Figures 4A - 4D al so show
addi ti onal details rzﬁélfrg]e AR I ERYRS A ~ AR LR SIRUARI AR iAoLRedesi gnat ed
140, provi ded bytotlhwei sactioh i48B.of Bheft psldmuystrawamaﬂrﬁeslc@fmt hendanckst op

i restral nt. 10 ne a |inear backstop

mechani sm 140 in
act uat or 145, an%étygﬁlﬁrga@ PRSP SRR MR, rap%gl{)%p?ﬁr BHLGREY 143 and
backst op act uat orisd a@nprBackenpwpativelya hydreaulitdily dnczarpls:tomrmr bther «uitgbler nor e

units, wth egchqsitelad Misthdill @n%nFBVJnS%PQM%E{%km 9@95% %rg &obhaynt member

143, a backstop actuator 145, a |1 nkage actuator 145
preferably dri ve%“rlﬁr?ﬂgab‘@soi%?reand restraint nenber 143 15 pneumatically,

and thus conprises aFidurdsad e4@'dlsocéhbWrHi‘i@ﬁloﬁd"'@e@ll§k§&dln§rtﬁ@m%ﬂt

Al ternatively, bac st?ﬁp actuahpl 145 co | d be hy raulic or. 1nclude a

st epper - mot or  and®& A0 4RTERY GPYgnaisd ] ﬁgf%?‘f“i'eﬁé’ HeAmeniqie fharrinary ead

screw. The struccammanehtsrcssmeaaankstasmmemrﬂsﬂa% 180 eﬁm@bbwkﬁemést@eﬁ a

~materi al s ui, ab d ressi c arted by the
hi gh- pr essur eBZOJngW%l‘Q’{1o4\#rréel"}seg r% %‘?‘i % “é&f&ﬁﬁ?i '5‘)6/ 1%2 eé?ong% e exanpl e
of a suitable ntestaintanerhiber 142 86d badistoprectbaipr 1443 Basksbp-raBasisre dho _
Continuing wth Eérgégrﬁﬁ'lsé'%ne 04910@%91{%5%9 egﬁi At gglu&ﬁé—_’a c%rr%p%‘@ﬁ? outsi de

| ower chanber 60, and 11 nkage 147 exte nor e 117 in
the thickness of 54‘%‘@%?3“?@ Membe 71183 07 backsiep a@th%tﬂ'b‘élﬁ @wqma@bewH bed 25

her ei nabove and Bhdkdfbasiug@r 143 d:éfgﬂam?an\%énﬁ\&@e%arld'réléir%%?mér%ger'ﬁs desi gned
to suitably transfer R){]e m)tlve force produced by backstop actuator 145 to

restraint merBer PAAE2UREYe 78R Y% WWHR%?éealﬂ’?ta%iﬁda'F ¥indgy @pd nRigtBRr 143
occurs al ong a daragement. gan@halvbly bdoaﬁtsw%rcﬁ:etot a45 houidi yeeByjdrdlc Q:f' travel of
substrate suppor , hus |y transverse to t

| ongi t udi nal Qﬁlﬂggég t‘aﬂ%?rT Og 1&h asu'ﬁaﬁlteg?rfatf r%tgmng{ne[a%mg;gﬁﬁa Flagre, | i nkage
147 is desi gned FQSeWeT%PsQTEUétﬁrel%fr%sifélhtjmrobqnéﬂmrefer@mqompmestaandieriaﬂef | ect ed

in response to t&ﬂtab@a&vi.th%d.@meeéwmr @:Qésr%ﬁe /68 iR ggp substrat e
support devi 08 40. The direction DECVSOO% 0%%@73@@5% Us03/ 14586
environment established W|th|n sub-chamber 90. One example of a suitable

material for restraint member 143 is SA-723 steel.
Continuing with Figures 4A ~ 4D, backstop actuator 145 is disposed
outside lower chamber 60, and linkage 147 extends through one or more bores
117 in the thickness of lateral region 67B of lower chamber 60 (as described
25  hereinabove and illustrated in Figures 3A and 5). Linkage 147 is designed to
suitably transfer the motive force produced by backstop actuator 145 to
restraint member 143. Movement of linkage 147 and restraint member 143
occurs along a direction generally transverse to the direction of travel of
substrate support device 40, and thus generally transverse to the longitudinal
30  axis of main chamber interior 25. At the same time, linkage 147 is designed to
elastically yield to permit restraint to be deflected in response to the load from

sub-chamber 60 transferred through substrate support device 40. The direction



-25- of this yielding or deflection has a significant conponent al oh@ BEC 2006
direction parallel to the direction of travel of substrate support device
40. The conpvo eamoyseef |inkage 147 thus prevents failure W&%y #&t coul d

be encountered by backstop nechanism 140 as a result of e cyclical,

dynami c 5 | oads on substrate support dev2ke 40 during operation. At the

sane tinme, however, the co ant tolerance does not detrinentally affect
t he proper funcpfﬁ}‘ﬁ HQS'BQ ”@E‘Jﬂ%%?a%ﬁ@&fwagomeomt AlPag A dmReiopai sed

posi tion of subspeati@ tostppirettionesii taveltdf nBEHARNSEPIRNGILet S ITH! at ed
interface betwee 9 h er 20. 10 In referred
enbodi nent il us??@ﬁgacfwgpﬁa&ge%ﬁ Iqsnﬂ%?é‘é“?ﬁg%ﬁeoﬂﬂdﬁégat PWhECor nore
solid rods 147A &ncbuhtevas! byl\htacl@tcmraécmaabtnwmlaé akesgueofltﬂaé cydicaidyhgds a pair of
rods 147A andgl4 n angi ng from

5 TJ%ds %ﬁ(‘st]bgtﬂgz %ué%@h gggcelﬂtz % orp%Ba}tloﬁ %tt Iﬂ}%ﬁ "%a

approximately 10 to approxi na ‘a di anet er
rangi ng from appP8¥evehtBe wompliagt éq!ﬁjamel mmoy d@flmﬁnmﬂif éffacetrer mbber 3 nm) .

Preferably, eachfdrféﬁbnl:@oﬁréﬁgntlfign%ér$4§fa?§a§rﬁézlﬁ¥h‘é¢a %J bitét oPbudthad. Spring

Steel. Referring now s(]joem fical %ure A processi ng

apparatus 10 i s SYPROMN q"f‘u’et%a%ﬁ%’ls?&‘f%' Yé%?dlsﬁlg?eﬂéﬁ*ﬁ(i@ﬁe BQTHE@ siin whi ch

substrate SupporTchardﬁétlgoenérﬂ\alnschémbéraaﬁ ed to its owered position. At this

posi tion, q trate i g %ev G and any substrate nounted
feferre bp

t hereon are exposed tBaP Wﬁ‘Btd S%tﬁ‘?ﬁl':l‘%’ff* kg s 1 4rePmPiseanber
interior 25, andasoree@anarkesotidibodscligabartd 15310Moté0p5\°9ie€db@) Yinickgbi1aed.

Substrate hol d- d(&g@p%ee%g ealrjog 433147R| ﬁgﬁzg ac}g%del nggégﬁ‘fif\‘mﬁln(:h it i1s

operatively align Nt er18ce t he end
effector of ar oHﬁﬂgthdamglmgfmapnr@tﬂeatalpr @ 8pprdxiroaigin 50|uemenlefenabl§t35ace

el ement 75 into i), ng'dmt&fraﬁ%&r&ngﬂmflmg‘gl L Oto Ap%?oq(ln?a@?g%rhat e onto

substrat e hol d-down devi ce rmor to a processing opera
renove such s@bst(ﬁ’rafpéabblf‘?t'@f“ tﬁ@ g6 €3gh rﬁ’é%{)‘bﬁ%ﬁﬂ?ﬁ is P@ns\mﬂlﬁﬁd fsem not ed
that substrate sw@iso Sﬁnﬁg@eg}O provi des the only z-axis novenent needed

for the proper mani pul at i ion of the substrate within main 30
chanber 20. That is, L%Gf% "’P%’Bo&ﬁpéc'é‘f?gy@fﬁ%‘&%s%ﬁ@?&?"‘?ﬁ@%’&ﬂmﬁ‘ﬁd/or
renove the subst1péﬁ9é|0wemh@$ubytrajeloaalpg/lﬁrmvarfstam\newlmcrts@xtndtelsu:ppehy or at

:3%?7 bsog; ilzggz% Y deticd Afis Yethclb A lovherad PEStichO RBthis MsMah, L0HE2R nolo-

down device 120 and any substrate mounted thereon are exposed to ‘the
environment contained within main chamber interior 25, and a separate sub-
chamber is not completely defined. Substrate hold-down device 120 is
disposed at an elevation at which it is operatively aligned with interface
component 75. At this position, the end effector of a robot can travel laterally
25  through opened interface element 75 into the confines of main chamber 20 to
load a substrate onto substrate hold-down device 120 prior to a processing
operation, or to remove such substrate after the processing operation. It will be
noted that substrate support device 40 provides the only z-axis movement
needed for the proper manipulation and orientation of the substrate within main
30 chamber20. Thatis, any robotic end effector empioyed to load and/or remove
the substrate need only be capable of movement exclusively—or at least
primarily—in the x-y plane.



-26- The use of a structure that conbines substrate support and supstpext eos
lifting capabilities provides several advantages. First, the robotic
instrunment o0 d3EBEs i n conjunction with substrate proceﬁﬁguﬁg%r atus 10
for substrate hand-off tasks can have a sinpler, less costly design in
conparison to robots 5 fully operative i4¥-3-space. Related to this first
advant age, the confi t10 facill.tates.the integration of substrate
processi ng appar at us %%\%ne ﬂa S LH%#ha?‘é@'%a’?@ab%g%wgpg'ﬁﬁrﬁé)ﬂ?ﬁéaqe

vacuum oper at ed iftng ¢aphbilitiesdirevides Baeeralcidudrsagesy Firstathk yolmtio insti@denii t h such
vacuum nmodul es hgyged inddnfflctdr witC [ LI &S, El y, the
vol une required ?fgresgb- cﬁa%%og'r lgﬂoﬂbgtp%%kf%ﬁ% Sﬁ@%%gb'lﬁ‘lmﬁiﬁ_fgfag'!bgﬁéééause

sub- chanber 90 dB¥¥-¥{deskesen heve »eimpley.dessostly fedighimsampariap iy wbetabl e z- axi s
novement of tBe wnpepérétivens BrdpaBa tRelatReiotthisifiRg aBMSREHel dohfiduratioh © Fi gure
4B, substrate prquﬁs§|' r‘lg a?eparat u? 10.is shown in the hltgh_- pressure
substrate proces&CHE S HE Ltedrafiofyql spPsial recepeing RRSHSYS 1Qwih ewethry | s
extended to its bndidspd meddurdsyehdistd GRulm-of@bitcdeetidl-tah@sheThe bbot80.

Mor eover, at thi ised positiqn, sufficie xjal. cl earance between

enl ar ged- di anet er%'prg%h/t ﬁg\ﬂg%gkh%% e g gn %%Lesouﬁvgr"métﬁ(g V?@'(‘j&(ﬁ d?lc’t%'g'?'C of | ower
chanber 60 is cr eanebiiieso Pieallyi thet yrdumendhigairddyfor awetthmbres @0tis optinafily backst op
restraint "E%erﬁ‘if*’ﬂée‘”'nt’%gﬁgﬁdﬁb%g"ﬁﬂ&e9° Icgjggaﬁdto;;e&ettg\ebeén S?%gl-tghanber 90

and mai n chanber 20 1s en d or ensured by nounting a sui e sealing
20 el enent 151 oACORMuRAsEle apREcsiakis 2-9x¢ rRovgMenid! thegoofisdrptrd®art, an annul ar

space 155 is defi ned Repstim] Aow spaeitiodpd FgbRsde, sliRtrbRlptbod iy Hparkes 120 and
an annul ar shoul qEr 45B o e 45, and ri ng}shaged seal i ng

f ck,_gnber b%i | _ !
el ement 151 is dilS[FSERY NG HINPresry fURptrale R erseiag Stafsypwhich Bubshalfber 90 i s
pressurized wi thspppodesdgcedp i bxtamibidtoms falyyai$eidlositien ©defifeasupcrgrssi ng medi um
occurs throu t i C bet ween substrate hol d-down devjice 120 and
t he internal Ig';% fgg'i nhgérglla\;deg %fthﬁp%gfa g ps?é'ﬁ?r\’ (ﬁ'i%ﬁ'?nto X'aﬂf??eﬁradﬁﬁﬁﬁ ®%0, and
i nto annul ar spaeslaggg diafiteterlsectiond8A vhehaft 48 acd auteresrs regiot 67C¢)ofddverent 151
and is thereby preuahed &’ i I -1 } jor 25.
Preferably, seal icn el ﬁelgtc?%%fongﬂthBQté%ﬁll@%ﬁogp@g@gﬁ ﬁgﬁécgéégﬁrrpl e
O ring or gasket resYat PaRRers d43jiptaghe elegyanceq isolptian beiwesnpubehembei 08
hol d-down devi ce aa@Mainen8@BER08s ertainsed ot BRsUAd Wumig%égmi{ab@@%lﬁbzed in

response to fluid pre re. Thus, if annular space 155 and the concave
portion 1 2 DBEC S55N TD G ERPeRERe Uso3/ 14586
In a preferred embodiment, an annular space 155 is defined radially

between substrate hold-down device 120 and an annular shoulder 45B of
chamber base 45, and ring-shaped sealing element 151 is disposed in this
annular space 155. Once sub-chamber 90 is pressurized with processing
25 medium, any leakage of the processing medium occurs through the interface
between substrate hold-down device 120 and the internally facing side of upper
section 27 of main chamber 20, and into annular space 155. The leakage then |
encounters sealing elem_ent 151 and is thereby prevented from escaping into
main chamber interior 25. Preferably, sealing element 151 is a cup seal rather
30 than asimple O-ring or gasket. The inner side of cup seal 151 facing substrate
hold-down device 120 is concave. This type of seal is self-energized in

response to fluid pressure. Thus, if annular space 155 and the concave portion



-27- of cup seal 151 becone pressurized by a | eakage event, the concapgc 2006
portion expands and conpresses agai nst chanber base 45 and upper section
27 to enhanee ahensgual ity of the seal. For this purpose,P&%oﬁﬁﬁ 151 is
constructed froma suitable material that is resilient, chem ca

resistant to exposure to the 5 chem stry27of the processing nedium and able
to maintain a pressure differential of as much as approxi mately 5000 psig

or greater. Non- PiGPSPH ST BREAMS RIEssyrized by edeakaonayst.ithe eoneaye PetiBN seal 151

i ncl ude PTFE andekiahfifand Suwiprédebe aguitdt sRalber ok 45 sd\iRBEF deciR@rsoavai | abl e
from G eene, Twee Pennsyl vani a, United States of

Anerica. As an aﬁ‘ﬂ'@f’ﬁ%ﬁ‘e\?@alt%dqrheesefg%f’é Se PSRRI AP P cOOFUEtEdl desi gn,
exanpl es of ot hefrorsaashltarbgsmhten&}masusiéimenu mhwiﬂyms&ta(af‘to%ﬁ@isu@ﬁdtﬁat ated cup
seal s and o-righg erri.ng: no cifically to Fi. gure 4C backst op
restraint menber ?ﬂ%ﬁ’ mRﬂI hfocg&mﬁ 'Wﬁ%{?rfﬁf SP? a%éex%{%ﬁnaae aif 2t P58 Bosi t i ons
within the clear ﬂlﬁef@“%%%ﬁmc'@ﬁﬁ aP@eﬂmaﬁeHrﬁiﬂD@msslelrtgr&memmndlfmtmbaft 43 and
outer end regiong @l&fofls@me ﬂréteﬁbna%}%p@gal 1%% lﬁé?&‘de%ﬁf f’%;dof%‘fﬁé on, each

restrai nt nmenber contacts der si de enl arge aneter section

43A to prevent uﬁH‘?é’ier%'BlséalPéﬂ arét“f'% s§ls aSQIEB'?ﬁ@ﬂ”EG@GMJJWPGQj%@PGe 40

during pressuri z&tpsulepPemiivaha inred S@tesadmntémuas A% an BRdrRdtRd B thbe
substrate in Blaedurln i process. 4D il lustrates the

tt he cl eani L%
operation of The a@%ﬁfﬁ %lat?gﬁ'f’ﬁe@ ‘{eﬁ@[‘ gxamplgs pf ot (?eP'WQ(?'eFW@tSdé%l gn of
backst op nechani #wiudd Qistoafsearorignibted handeals {30 dvérg) deeien charged with

processi ng nmedi um e rted t he pressure
vol ume of sub- chanbeph%%ﬁrpc pEan{ah\ft a%eﬂ'? ?%%Stﬁgvegpglaté?e\"@@fﬂggto t he
poi nt where back§te@|5°‘ﬂ’@§‘t”ﬂ%”w %ﬁ@r%ctllﬁsoﬁwesWﬁhlntl:lenpareembetweeont act with
both the undersi eﬁaa%fediarah@w@gaﬁhangkaﬁghsﬁaﬁaheeuté%df{gg.gé sﬁ&g&%‘ﬁ and

outer end reg1| on 67 | ower . Li nkages ected to
take up an acepfRasmRer 8fvAhihe @stivg Position eash Wﬁ’i’@my“@“@f A§ costtactstee  play in

substrate suppor nndbwdé:ﬁ ehi@yedlahRtsh sdcHFHUBARE préSHE BhdeB bk bR B8 ON
| i nkages 147 and/ their rgfég ééqe backstogSJ ac uators 145. The operation

of substrate proélé SRl {BinGPIEFSUTGHOB &t SUBFhamBR 9P 3RE Ui t h
reference pri mar idyaib@inige estratedn Pracpuiugsg tha cleadidg pcbstrate S is

nitially provi ded | e 6 YERAERL ofH B YR lncl GBS Al 086! O

apparatus 10. The external environnent al ned envi ronment
1 2 DEC 2006 %‘%Wf@?%%@@?ﬁ}%@?@%@@” Pafier sub.chamber 90 has been

charged with processing medium. In response to the forces exerted by the

high-pressure volume of sub-chamber 80, compliant linkages 147 have
deflected to the point where backstop restraint members 143 are in
compressive contact with both the underside of enlarged-diameter section 43A
25  of shaft 43 and outer end region 67C of lower chamber 60. Linkages 147 have
deflected to take up an acceptable amount (e.g., approximately 0.5 mm) of free

play in substrate support device 120 without imposing undesired stresses on |

linkages 147 and/or their respective backstop actuators 145.

The operation of substrate processing apparatus 10 will now be
30 described, with reference primarily being made to Figures 4A — 4D. Substrate
| S is initially provided in an environment external to substrate processing

apparatus 10. The external environment is typically a contained environment



-28- that includes a substrate-handling robot, and can be atnospherk¢ DEC 2006
evacuated. An exanple of an external atnospheric environnent is an EFEM
(see, e.g., vErEMoZ20 in Figure 6). An exanple of an exteppplq, g,%‘%géjat ed
environment is a vacuumcluster tool (see, e.g., cluster too in

Figure 8). The external 5 environnment is28oupled to substrate processing

apparatus 10 thr onponent, 75. under st ood by a person of
ordi nary skill WE’JU%?“U%S?%?%?@“Q r(?E?}p%Wéﬁ{t‘Age/%t”Wﬁ%he%oreYﬂcé?tﬁ%I gat e
that is novabl e bit exeapleopiem Qaqtminaibmdherpcmwmmmt b@nS‘:‘HEWC(%bé/%lg( provi de
access through i j LNt eri or. 25. It
will further be l?ﬁgg%?g%fi'BM%? %erx %@?lbgoé}] o)&%{.'ﬂ& Tgategﬁg“f PUAPLTES i o
substrate proces é’?%"&ﬁ‘ﬁﬁ?h@@b(sﬁﬁ e.g ugjusteratoel 4 0oin dhigvae i8).y Thd biternhlave

under gone one s50r gARFRAMeRNE b&%ﬁéd@@s@&%@ﬁr%céssﬁ? agparatg@m%g?rpﬁte%c@er

| i t hographic techniques involving t ppli or esi st
devel opers and OVMPARMNLIT: i UndeERPHBY 2 BRBPTY qu“nelrmlﬂzl@ptblslattumarface

el ectropl ati ng; ad:hﬁﬁrhdhﬂ?@ﬁas d)ﬂmdmaléyése thi i8 FRVAASS diRBen dp%ﬂ ahd/Bb&QAL at i on;
dopi ng; m cromachin stress relieving;, heating; and t he

li ke) that rendeP O%{{ 95'%38 §ﬁ|ﬁ‘étf’(9fy@9%(é9ﬁlaﬁﬁesﬁrthm%ﬁ‘ nigriace, FRrpRANAR 7&1n‘i9r ocess
necessary or desimaitbtiemmbar mmrbep.s of: witit faRtier [ble @intiBFs 1088 Yha$, LoRiBiSto GeHIINg

performed priQr trate S into substrate processi ng apparat us
10. For exarrpﬁbe EQth,%?edé ﬁ%n% Strae PRYT 5N SBPH S 8@ SHP%?S‘%%B’ }S‘P'i"bl“’ to fluid

coupling with th@aﬁvmnememmoremmlon Pheesseariey., h;asmdig efoth&i N chanber
interior 25 1is p'ilfh@?f"aﬁﬁ#c tARGILSInRin p’ﬂﬁé Qﬁlmé’ﬁﬁ%‘ﬁ%h&o@sg S & oggrsappar atus

10 is interfaced w a vacuumm) eric no In the
case where subst R8¢ &V Bdigtians etchins apiiag: dtmiderpsitipr; elestipnainat ashesisraefuum

nmodul e, mai n chabed pads(ﬁlﬁﬁdr@ﬁtnoﬂ5orﬂﬁlblahﬁt1@|¥@6 mcramgcwgﬁ&hsw
est abl i shing fI ui Qeé:so ni cati.on vent source. (t;he case

where substrate processing AFHRe ﬁ"aéhe ﬁ'ﬁ }/r?t Bl & gulsgaught %{?"’f?ﬁlgp?ferl c

nmodul e, mai n chasbdaceipneparation pRisessacdesarypukgsicibley circul ating an inert gas
such as N2 through mejp,qha S,.descri bed her ei nabove. In
addition, the processi nu SP Hr#?élﬁﬁagsée%% a%bee pﬁrrfgrpr%er (f(ﬁ'ohtf’ll BEy 30

| oadi ng subst r at EUESH Fﬁ ‘51%%{‘3?%%"% PIOCORSINgs ARRgratps 0.athies eX@'npleJ,rmam I east

prior to inject Icﬁéml@ér lﬁtblﬁbﬂ?BQ:ﬁﬁ’%@bFé@afé@CBnHmo'fMdoco%HIp\ Ghd )% ﬁ
associ ati on vg th th gh1i ressur cl e ni ng@gr ocess descri erein.

the case wherd eEY'E?&H\eH eZmBE@r pFesdete T RS iKsOEPa s 86

depends on whether substrate processing apparatus 10 is interfaced with a

vacuum module or an atmospheric module. In the case where substrate
processing apparatus 10 is coupled to a vacuum module, main chamber
interior 25 can be evacuated and purged by establishing fluid communication
25  with vacuum/vent source. In the case where substrate processing apparaius
10 is coupled to an atmospheric module, main chamber inferior 25 can be
purged by circulating an inert gas such as N through main chamber interior 25

as described hereinabove.
In addition, the processing medium might need to be prepared prior to
80 loading substrate S into substrate processing apparatus 10, or at least prior to
injection of the processing medium into sub-chamber 90 in association with the

high-pressure cleaning process described herein. Inthe case where a cleaning



-29- process is to be performed, the processing nmediumutilized in thze DEC 2006
invention can be any fluid suitable for cleaning substrate S by sol vati ngm
t he undesiresvomasizghual material contained on substrate 4gtmby

i npacting the surface of substrate S to shear the undeS| red mateli al

t hrough hi gh-pressure inj ectl on of 5 the2%ieaning fluid into sug chanber

90. The cleanin uni t ar osi.tion, or can be a

mul ti - conponent g?nOL%gsqs t?%e i o?f th%QrO%er%'PgWSHBmluﬂ"zﬁd'”ﬂ?eéF\@I”P@faBnbodl ment ,

t he cl eani ng fl ubelany ﬂd@nwablequn cleCOR} butstrate &eﬁtseﬁat&igdtheprnes@ual zed to a
supercritical st @sﬁuglrrheﬂénaq QOrHEMJd%QI%Bét%%é%hg/OF mgac She sbng%ﬁA g:,tsl ves

such as co-solvents, reactants, passivants 10
bases, surfact ansubstated thshear H@mnd@ﬁ@dmterbtthuongm nigupredsuraingectidnecf CO2 st r eam

fl owing through gdRRIaMinGHGE w&-@éuboéhaﬁltbgﬁéd’“ﬁ\% cfé‘éﬁﬂgﬂ I%élbhé\% pr ey stream

rior to injection into sub-chanber ure an ure
Iroeqw red to ) at t S9PPISHIaNQi pt Ra 3 WP'E&P"’@?%”&“’@?UFQ [selusmporgmylisieregead on

whet her such addprtefenesembﬁmpmeﬁealbanﬁ@muud).uashsJelnemadogﬂgt,.sﬁéafed%ueercrl tical
tenperature is 31 C he 15 S%)ai Eﬂﬁgrﬁ’a?"a‘[’ ressure is 71l atm_1In a

preferred enbodi HEnt "Z?% fovra ks rofusHSiaig subshambRs X mat el y
1500 to appr oXi nﬁd@il\@ssmspsfsglventmeee:tadmep@sweasmm@g dgedlis|dRiditees, mai n

chanber i nt eRyor peses Al FraRLRARRF @tqer c%glqﬁt%l%\%gﬁaé H}RF ?—:d ﬁln%/{hg Og%gl?ﬁs r7715)vleg to

the | owered position shown in g ace C
opened. A robotlﬂo‘@%@fquébéuwi}'@"ﬁ ﬁmﬁwwlﬁ%memﬁéwﬂhme@ﬁbsﬁemmarate S

t hrough i nterfacg ifeBRANADsuf-ehathishr & &%ﬁeﬁHQﬁﬁF@érﬁjﬁe%k regm% ahhate
hol d- down devi ce 120 Substrate hol d-d devi c esigned to

enpl oy any numbefad? R SHRFCUIER slatmeiihe CO- Wil ApRaTE N “m@e@%@hpd@wes to create

suction at upper ampresent fFaC;ﬂJré.lEﬂiQ! ao,, thé@ﬁﬁrérﬁ&&téﬁﬁﬁe%tﬂ@%ﬁ@&h&tﬁe 120. After
vice 120, interface

bstrate S S ate 2
(S:(l;rns)oFlgm(:a 75H|§s ¢ t)égcg cag% SSE% %gtaetmsu%p%lp[e(?er@gﬁr&@dwqt, e GQd8 to the
rai sed position s4ppligd at@ Fegpurecof APproyiimatelyi 1609 lsappraximatels Bcocisayrber S i s
formed and encl oses %J-Eéttﬁé‘tp?ocﬁssu?&‘%‘e%ﬂ—g H@%ﬁ“cﬁx%ber ?iperiglr gﬁtar}een _

energized to insert restraint menb into th ron &
Figure 4C to prereB%reaoﬁ”Q?traé%WB‘?"fdﬁfvdﬁe4§lfd§‘?"ieﬁf%th§l9p’s@ﬂtpoél'@@nSﬂﬂeWElO and 30

mai nt ai n the i ntagFigdryg Maﬁ&ﬁteﬁ@éﬂ co’hﬁpdnbﬂ 75”1%pr5@&)9 ReLHRE RuSdRrec hanber 90
and main chggbeﬁar{dnlt‘elr X e§t Afﬁ % ! sul%strage S |§ ready to be
cleaned. On&° or "HSIAd U%f%/"éé’ o)l Bspsl"#)ﬁtf ‘?% NsRrghintestRsE cAMRANS M8 3B® s i ng
medi uminlet |i nglaQ_eSZ‘:-um@téZS)ﬁrﬁo sWilfStrai3/hbla4d90 d&Vids 19608iibk#58 Bold-down
device 120 can be designed to employ any number of known securement
techniques. One example is to create suction at uppermost surface 120A of
substrate hold-down device 120. After substrate S is secured onto substrate
25  hold-down device 120, interface component 75 is closed and substrate support
device 40 is lifted to the raised position shown in Figure 4B. At this position,
sub-chamber S is formed and encloses substrate S. Backstop mechanisms
140 are then energized to insert restraint members 143 into the position shown
in Figure 4C to provide axial support for substrate support device 40 and
30  maintain the integrity of the seal at the interface between sub-chamber 90 and
main chamber interior 25. At this point, substrate S is ready to be cleaned.

One or more valves appropriately positioned along processing medium inlet line



-30- 101 are opened, and processing nediumis punped into sub- chan‘qiogg.ms
Sub- chanber 90 can be pressurized with processing nmediumto pressur

rangi ng fromwbospsisgs to 5000 psig. If desired, prior to psesayiiégation, the
processi ng medi um can be flowed into sub- chanber 90 at | ow pressure and 5
routed to return CII‘CUIt 107 to purge af$from sub-chanber 90 and the

_ i id S f C Duri ng
The hi gh- pr essur AobPazenhel BNy Hagk oS 3 SHE RTS8 n be

rapidly pressuri %&Cbambejé%@rceswrprg@dnzed withcgrotessiah nmaaliuneto nsressureeat e
pressure pul ses d@igNHI28 o BoBaRLA0 ELESED: oY% JRRLESSIN f@L1 on phase

of this 10 cycle can be useful” Iinre I ng es re terla (such as
phot or esi st _or etptq?eswf@sm%@nGérpb%ﬂ@vsechn@tsuh@zb@n@e;fsomw rtessirecandhe

pressurizati om phase) td ren &cGi Qaﬁaebqaufrgs‘eabf#ff%'ﬁq §Hl9t?hé?1§oerr fdé“%eﬁﬁ or vias
€ Cleanli ng process 1s conp ete roprlately

Lg;lrr;a ?oggds\egft/;ggseqcﬁteldcﬂ“%P@@éé@sﬁﬁarﬁ’r@(ﬂ'fitﬁﬂméﬁﬂ"ﬁ frognt ?Pbai?f@méﬁfe d so that
the processing Daringib highpassire cfebhiﬁ@lsudcésrsqm&ﬂéh t%b@mwygbgﬁat@o %acrp], 6tl)lget glrj Pe
e circul ating additi
;Ir :Z)gg:stSI ﬁ87rreglh 5% %ﬁr ou&h%qte%'d%%grﬁlﬁ%ﬁ%zgg” afﬁ@'Féé?%”@?’g‘ogi?B?tW%FF%repr ocessi ng
apparatus 10 is padgubt @dhabta&:thetcteamhg erferalelrng/dearmmmlzat&hqiheséSBform l n Figure
- 4A by movi ng 1gsubgd Ié@én%e%@fgl%ﬂa bﬁﬁde%@ec}rﬂ ol Jug SRR &
nt

descri bed her ei nabove. ace-conp en op ened 10 admt
the substrate- haﬁ%ﬁ‘q“ﬁgdepPﬂtﬁtF‘ﬂrPéM? SPfFﬁ”Gdr?Hr"fo Wmﬂﬂlaﬁo@ph@e) fremt o renove

substrate S fromrﬁubaiareaéauregémea%&reagwéérbra%@?dﬂﬁe&% sitfratb &’ t her processing
in a different nodul e as cessargéﬁ Conponents (descri bed herei nbel ow) can
S

be provided for recoV&Pi rr‘Fg“?ff““pB RietgrpPgropfigiely ppeiicped Yakgsmedi um
used to clean sulisthearece®SinGmesieprarairh gt be @RALE L MR tthéTpioBsdsdlg from t he

processi ng o) Ueqtilee 66l A0 GuL B UL bl £ Brocesslpg g um back

into the system reuse erring now les are
illustrated of syyshing plen «landnddestsi eitsulaing additineh mltdostqces'mgpmemmm ng

apparatus 10 is i@ tbefaibdrbod mare%ﬁsrsg%&gm@ff%eég;@géﬁ [P circuit

and ot her substrate I’OCGSSI n es a
st and- al ong at no&HHEl Fé’ag‘ﬁl?tt@%}'“ﬁ'@ﬁ@?’&?‘faﬁ/Sté@s?"@ﬁ’at'%c’f'gztﬁ)‘“\ bK MAiNg syst em
200, substrate prsobsasi sugp@EpEaicatd o iklowdredipdshioh lay dﬁwﬂécﬂ%rexﬁébb%lg h

i nterface cOMBONGbR dden: SAUIPHER opbhS o S8 T Sirainaiing © 2 DEC
instrument into main chamber interior 25 to remove substrate S from substrate
processing apparatus 10, for further processing in a different module as
necessary. Components (described hereinbelow) can be provided for
recovering at least a portion of the processing medium used to clean substrate

25 S, separating the contaminant material from the processing medium, and
recirculating the purified processing medium back into the system for reuse.

Referring now to Figures 6 — 8, examples are illustrated of system-level

embodiments in which substrate processing apparatus 10 is integrated with a

processing medium distribution circuit and other substrate processing modules.

30 Figure 6 illustrates a stand-along atmospheric system, generally designated

200. In this system 200, substrate processing apparatus 10 is directly coupled

through interface component 75 to an “equipment front end module” or EFEM,



-31- generally designated 210, conprising an atnospheric substrate transfer
modul e 215 and substrate | oading and/or sorting device 220. Substrh2eEC 2008
transfer nodwaosadBscan be of conventional design, and cGRRIESESsRN

encl osure 215A and a substrate transfer robot 225. Substrate transfer
module 5 215 is typically coupled to subSfrate | oading device 220 according

to standard nec L I (SM F). technol ogy.. Substrate | oadi ng
devi ce 220 can bgb% Hgﬁg)loHb%%rﬁq%uﬁgﬁ’ycog}g%'ﬁﬂe@ &g’f0§8|¥%lgs§@§qaée Je$8id devi ce
(e.g., a SM F pdooduly 235 ang eubstratselonding and/bi edttimpdevide 3260UBDstral®y t hi s

fi tion, ; f bstrate | oadin
Govi o590, L hr onasierebdiRNans EaTBe X ISR oceh”Rhe baRpes @

processi ng appar &NG9SYO 215Aand arypstrage trarister mbot296s Bultptmiediansferthadufe but i on
circuit coupl &g tmas;j s ad i npri ses,_a
p 5 ISty llg DIdHO Qm%%a?ﬁﬁ%reagﬁﬁojagc&aﬂg[o észanvqnaEdh

suppl y/ pressuri zati on . subsystem 230 can be assocl
processi ng nedi urﬂ‘%‘%‘ﬁﬁ@'”t%ﬁ? EMiTygchnglogy. gRHbstsate logdipmidevina 220 ddD)bef or
suppl yi ng pr essurad @aderpionsig dedigh@d WafeiBskisuia drpod AR 8h e QMg%a%r%g _
apparatus 10 frornolgyl ke stor a}% . Pr Oﬁ_%@%"yg medi um Sulp?l ed fromthis
subsystem 230 is routed thrd §HP°8 5 1] -e B &g condigwRlinng E9poD2R5 ¢a9 heat t he
processi ng nedi urmansiepsulisbgeRdrdnt Sulsdtper Datihg GRVice LROPRFRIGH iRerfddd
preferred embpdi Lt i.ni.ection.subsystem 240 is provided to
m x additives Wi {Eﬁn‘})ﬁ%né?%%ggEsdlt%gmrsrgcflg3Fﬁ°§§3‘%%°8¥5ah‘€5]°20 her ei nabove. A
recircul ati on subsystBnfigus 6. shepersesking frediumedistibution griraut coupledi foyi Nng used
processi ng nedi urgupamatdl! $¥6s ra engi i a . deconpressi on
RO EPERLRCUP ROUBEe 4 Rbbesdred®io T,

subsystem 250 (which can_be associated wth vacuu 0
Figures 1 B and A£HPSYSipR) 24 which cap bmasseriaiedtwithyareesssing mediven sypplyposes of

purgi ng, venting samaéooa,wa@uaa1‘mmwb'shbﬁfoeswp%aws@&izeag.%@ésiﬁg 25 10.
Figure 7 |Ilu1%trat‘%‘s a, cl E‘?S—‘t red at nospheric systém generally esi gnat ed
300. In this Syst&H4SpHE s HeepeginapPrasaus 10 oy Bulk plaroe. Preceasingheri c

substrate transf enedivodslppi@ilforanttls subsysieml2Bh ¥s Blites ubsighat Kithinadbatg  devi ces
320A and 320B (two.0of Ms%r%oﬁéet LI | ustrated) ., Substrate transfer 30 nodul e
315 again general Ty CORpFTSes Al REFTSIP Eesiumhio s peyond s stpeserticalt r ansf er

robot 325. Syst er¢mpRIatilesip a prejemad efeodiment. Vkradddltiye infecitimasbdysiem 24pr ocessi ng

devices 1 OA and id GRvidewtoami SRANBs iint fiE ) upled L 2 DEC
2006 WO 03/ 197396 PCT/ US03/ 14586 = SEGRBAG Indh o 48 Hebed
ereinabove. A recirculation subsystem 245 is provided for recovering and

purifying used processing medium, as also described hereinabove. Finally, a
decompression subsystem 250 (which can be associated with vacuum/vent
source 79 in Figures 1B and 4A — 4D) serves as an exhaust system for the

purposes of purging, venting and/or evacuating substrate processing apparatus
25 10.

Figure 7 illustrates a clustered atmospheric system, generally
designated 300. In this system 300, EFEM 310 comprises a clusterable
atmospheric substrate transfer module 315 and a plurality of substrate loading
devices 320A and 320B (two of which are illustrated). Substrate transfer

30  module 315 again generally comprises an enclosure 315A and a substrate
transfer robot 325. System 300 also. provides a plurality of substrate

processing devices 10A and 10B (two are shown in the example) are coupled



-32- to substrate transfer nodule 315 through respective interface 2 pec yg
conponents 75A and 75B. By way of exanple, supply/pressurization subsystem
330 and decwmpiassion subsystem 350 are common to all sylsiysalfsfr ocessi ng
apparatuses 1 OA and 1 OB, while dedicated elenents such as additive
injection 5 subsystens 340A and 340B, hé&t exchangers 335A and 335B, and

recircul ati on su 345A and . B are provided, for each r ective
substrate proc eslgisségétﬁag% & rnafféhrEOfsj"geAa%ﬁWoﬂQﬂiegqgf’tﬁlﬁ t"ger@cf’ FeRnPaE Zipa
cl ust er ed vacuunamsl $5BmBygemeofaéiaynptbe suppigpressuriZlion suibsyisteirs 33y ahém 400,

substrate procesg) i I I 0 to a_vacuum
cluster tool, geﬁ%@g\pfe%&%g‘ﬁlgﬁlg%g’dhiolg‘l.ré %g%h’é%qgraﬂsﬁ%ﬁr%&qm%fﬂn an be of
conventional destrparatesed 188anst 108ewhierdedicated siements $A asadditve ijediisn r at e
transfer robog 4gt§bsy§[@,ﬁs eMBR U LBadE®! HER mhgﬁrgﬁsg%@q%gg’u% q 410A

requires that one or nore |oadl ock devices 4 ' be enployed to
serve as the i ntEeiealiopsuRRyeamy 3454 e 13488 ére prowredi iy egeftiraspegiisei bl e 15

substrate | oadi ngubspekelpRtedsiRtapbiaid)10AGAE 108, NOre mcroscal e device :
fabrication nodul es %27A qd (A;’é?B grg cg\u | ed to vacuum cluster tool 410 by
neans of respective @”F?e?i'&“ S\FeSUHTE Vg‘?ﬂ':l'mﬁé’@@,m’ gereralyeesigpaiedi bl e by
substrat e transf 0. riothaisydas 400eubstatefprivessing apparatnedolicsrediRobuped 427B can
be adapted f cond i pcati rocedur n substrate jther prior
or 20 subsquént %[‘L" ob%%hférﬂg%%t\%g{oale%ecnre?aﬂ)ége%%ge[dréﬁ'e98?%‘%5?15@”6?%32 s execut ed
by substrate prowebsiohgoryeptianal desighandocompiises tanngnclosanepdied afd possi bl e
fabri cation procegies tRghudif B ShealadaRaladRE ARl diln, ShsBlsa!  vapor
deposi tion, evaporation, sublinmation, oxidizing, cafbon|2|ng, nitriding,
dopi ng, anneal | AHPA igg¥iresthagene as merd lprpllock siayiers 4204 endi208i be empinyat| v,

sel f-assenbly of 12GNEPIBYRESace Dot NABRMN clﬂ@tg%bltﬂnvﬁdetfon%gﬁﬁé ng or
e |

encapsul ati on m cromachi nin | anarj zati on, and ke. "The processing

I ) . f
medi um  di st fPbufiRsHatE; IPeding mgétr‘ t shoygn -Ongser) merenmigenssale LeYER i n a
rrﬁn nfer anal oggu&bti@tbhmoﬂml$sxmr7lnahﬂm dre evtiptirido Vd%uﬁhglgéﬂgtggl A0dy 7-30F28(r)n
the foregoi ng description o e respectjyve sys , an
I Tuserated n’ EHERpERr tbeSiye nafndiE YRS 4288 Y HaSE and 3 odpvion oY «
sufficiently fl| existrhie ttaosfemalist 425 i Deyice fabnitapn atodolas 2tAweM2ZBleatr at e
processi ng appar ; i . perating
under either 28 h?%bﬁéap%% f? f/daﬂd%h%b%g%{ 6%8%% %sg%b{g%&? %%ghgﬁf?ﬁ%

subsequent to the above-described substrate cleaning process executed by

substrate processing apparatus 10. Non-limiting examples of possible
fabrication procedures include physical vapor deposition, chemical vapor
deposition, evaporation, sublimation, oxidizing, carbonizing, nitriding, doping,
annealing, wet or dry etching, ashing, microscale assembly, self-assembly of

25 monolayers, lithography, wafer-to-wafer bonding or encapsulation,
micromachining, planarization, and the like. The processing medium
distribution circuit (elements 430 — 450) can be arranged in a manner

. analogous to the illustrations provided in Figures 6 and 7.

From the foregoing description of the respective systems 200, 300 and

30 400 illustrated in Figures 6 — 8, it can be seen that the invention is sufficiently
flexible to enable direct integration between substrate processing apparatus 10

and other substrate processing modules operating under either a high-purity



-33- atnospheric regine or a vacuumreginme, and in conjunction w th arpyDEC 2006
nunber and types of desired processing steps. The transfer of a substrate
between theseo esapiseus processing nodul es does not requi rf‘cﬁifs‘a%n%sg t he
substrate to the anbient environnment, thereby optim zing any co nation
of fabrication and 5 processing nmedi um ToHht enpl ated by the user of such

systens. It WI|| 4 t of t. i nvention nmay be
changed wit hout ?H]Q,@ eﬁrﬁ%ﬁqr%i%ﬁgﬁégééeﬂ gﬁ‘e&”h‘i‘%th ﬂ‘a“ﬁ]w‘ erm)re t he
f oregoi ng descri Et‘ Uﬁeﬁ@qe@fedtmeC%QIﬂQ(w@SoThq ﬂran;f@trphasobstratd@etwmd not for
the purpose of Imeaébaafouyﬁrot:&%,rﬂgw&aateb%epﬁdtFb&hf#@é*p'asg?% éugﬁ a?ét%' w0t

2 DEC 2006 Or/ U§€3/ 14586 2pQEC

appar at us for prSEET0EREE "é('r‘?ﬁ"&ﬁ"&@T%?HVPBW'E'”%WQWB'P@JO“(%WBanii@rh@.d (a) a
mai n chanmber 6onpracedsing needive ﬁorﬁélﬁmﬁl@d by\lﬂrle|u,seﬁdﬂ§ué’fﬁéyﬂtenfsha”ber wal |
enclosing a main cha nt e a.su sposed W|th| n the
mai n chamber interi o;ﬁbgﬂ be éoén a??ﬁ ?1(5l Vaﬁ?uér‘%)egﬁqgco[ é‘?‘n'%"e (B MPUPE, the
sub- chanber conphdngphyitrousdepagingriloar theatdpe ehibk owenitpna Fadhermoether
interior, wherei g gires I ¢ r t he
sub- Chanber i nt eﬁrodrbﬁ‘lg?ég%@hte fog‘p% +urp :Hs?gugﬁlgﬁog%gq@ efoﬁaﬂ?qn chanber
when the sub- chaHB'EPsel%i“mﬁa"é’”C‘rﬂé%'@tFnt'B@@?W gefined by thg dfgims.d condui t f or med
t hrough the main chanber wall and comunicating with the sub-chamber
interior, and (d) a novabl e backstop devi ce adapted for providing support
to at |east one portion of the sub-chanber wall when the sub- chanber Is
cl osed. 2 The apparatus according. to claim| wherein the sub-chanber is
adapted to maintain a higher pressure 'In the sub-chanber Interior than
t he- mai n chanber.



3. The apparatus according to claim2 wherein the_sub-chanber is adhpt Tt 206
to maintain an above-atmospherit pressure in the SibfUSRy Lo & ok -
while the main chanber interior Is at a substantially atndspheric

pressure. 4. The apparatus according to claim2 wherein the sub-chanber is

adapted to mai ntain an above-at nospheric pressure in the sub-, chanber
interior while the main chanberinterior is at a bel ; spheric
pressure. 5 The apparatus according to claim!] co@%m 10
medi um supply source conmuni cating with the sub-chanber interior ugh

the fluid conduit for pressurizing the sub-chanber interior to a pressure
greater than the main chanber interior. 1 2 DEC 2006 WD 03/107396 :
PCTI US03/ 14586 -35- 6. The apparatus aggording to claim1 conprising a
vacuum source fluidly comunicating with the main chanber interior. 7. The
-apparatus according to claim1l conprEkAMg a vent fluidly conmmunicating
W th the main chawaes chigk®€ii or. 5 8. The apparatus according to claiml

conprising a gas 1SUpR|n3é source mfI lélli dl VoGO nicating wth the main chanber
interior. 9. The apparatus according to crarm t> FAPR £ 1 ui d condui t

formed through the @i nammbwmpﬁ$9$ gl icharpher wall. dwrrdani t, t he
apparatus further conpr ictsmbgr veall Bhatsitg @ tialnehantbenigietid; f 1 ui dl y communi cati ng

with the 10 sub-changer a%ﬂﬁ-%&i‘rﬂér-dis&&ed%n%ﬂﬂir@&l‘%ﬁbéq Goflng to claim1

conprising a sealing el enent I spose t.an interface between the

. d
sub- chanber interior and 2T Mai®h M EREABEL SIFEHS o aPH-CEHEASE ed to enhance
fluid isolation between CHBPSISY IR sto-AhB@Rer| wallepnciosingy mdsubivharstei n chanber
interior. 15 11. The appanteite $heeis ecibghadnberokA| coindrides 8unbidiy t he seal i ng

element is supported by sa GbbHLdhahe SRR & i Wi thin the
sub- chanber. 12. The apaarat.us accggﬂieﬁla?e;g:aﬁﬂlégfo?nﬁ%‘g%%%??@?ng a

C . C
hernetical | y-seal ed gat ep?ﬁ'@ica?'mf BAMRRE v A 99%89 mai n chanber
interior and an 20 envi resiieeint external to the main chanber, wherein the
gate is adapted (¢) = fluld condult formed thraugh the main chamber wall and

communicating with the sub-chamber interior; and

(d) a movable backstop device adapted for providing support to at
least one portion of the sub-chamber wall when the sub-
chamber Is closed. ' .

2 The apparatus according to claim 1 wherein the sub-chamber is
adapted to mainmin & higher preseure in the sub-chamber interior
than the'main chamber. . ' L

3. The apparatus according to claim 2 wherein the sub-chamber is
adapted to maintain an above-atmospheric prassure in the sub-
chamber interior while the main chamber er is at a substantially
atmospﬁeric pressure.

4.  Thé apparatus lac.cording to claim 2 wherein the sub-chamber is
adapted to maintain an abave-atmospheric pressure ‘in the sub-.
chamber interior while the main chamber interior is at a below-
atmospheric pressure.

8. The apparatus apcording to claim 1 comprising a procassing medium
supply source communicating with the sub-chamber interior through
the fluid condult for pressurizing the sub-chamber interior to a
pressure greater than the main chamber interior. '

MENDED 8~



to selectively provide access into the main chanber interior. 13. queZ DEC 2006
apparatus according to claim1 wherein the sub-chamber interior

vol une rangi W@ opswsseéappr oxi mately 10 ml to approxi mately %@r 3/14%’6 The
apparatus according to claim1 wherein the sub-chanber intéerior has a ]
di amet er ranging from approxi mately 50 ™hto approximately 450 mm 15. The

BN Vatudrh § amber
apparal s aeoprdoeng h.tme a'ﬁ?'}“ﬁ“"’gﬁwta cllit B D Bt Sl 2 0% o
A L >

and an open 05|t|on er &t n the 30 boundary at |
| east parptl alol y @ncl Ghesanfamtey rcchvdinbeto ichatneri agonanidingt a Vep@suigpartial ly -

. . . . ; c
fluidly isolates the T Fil main chanber. 1 2 DE
208|6 )63( 1458 I p ~ 2,C,§M%|%@B%O ?tht%ﬁ%@%ﬁég%%gr atus according to claim

15 wherein, as the cllbsedppesistaccordiaf to tihien Daumgasivg aldas sepANSEIdE o
cooperates with an ||ﬂ5,@[¥ an ﬁ["gﬁ’%%ﬁa?éeggﬁ &fBparatus to enclose the

Il he
sub- chanber Interior OB BEber interior fromt
mai n chanber int®riof! eprarEF'h'é aam@matqmalmc‘cwhdnengthemlutdl @ntuitlforrvdter ei n t he

boundary of the —subufhamRe MM bndhEPLah 5 A ikt dhhuf diVBRLIALe support

' f novabl e in ation to a sub-chanber terior sur (u) a
:3[) agﬁanber I nteri OE EF‘F%‘SWB\?JM@W'W qoéﬁlaﬂi"-t'ﬁiy eemAUsiodipg méth éhes uppor t

surface di spesed W t buchdnees ineriohanber Interior; or (iii) a substrate

- wherein the substrate
SuppOr L Surt a0 A0 SR 5 e PSR ALl e |
rel ation to each ot hdisposkg: atMnmﬁwmnﬁmsmFmamsnlmﬁncﬂaﬁatﬁéﬁﬁlnﬁgé;Oc\gfl
substrate, conprisi nghamt(é‘)nt@ﬁor%ﬁh %nédi'meé Rgg)flu@ésro?aépn Imge;g ’

in chanber wall enclosing a n chal vabl e
Lgﬁngglr'y di sposed wi B¥R-Fhamber ingnar andhe erin anempeointeriand rmvabl e between. a

first positien and aTﬁeamwlatp@abédr@ﬁb to MR R Bndtbint tnssé n{)gtene?r%% LI on the,

efines a 'sub-cha corrprlsmga
gg\éaELg ntt;g;mdar y at lsgp%so;’ted 89 rat Isu%s’trg/'te support surface disposed within the sub-

chamber.

12. The apparatus accordihg to claim 1 comprising a hermetically-sealed

gate providing an interface between the main chamber interior and an
20 environment external to the main chamber, wherein the gate is adapted
to selectively provide access into the main chamber interior.

13.  The apparatus according to claim 1 wherein the sub-chamber interior
has a volume ranging from approximately 10 ml o approxumately 10 1.

- 14. The apparatus accordmg to claim 1 wherein the sub-chamber interior
25 has a diameter ranging from approximately 50 mm to approximately 450
mm.

15.  The apparatus according to claim 1 wherein the boundary of the sub- ,
chamber wall is movable within the main chamber ihterior between a
closed position and an open position, whersin at the closed position the

30 boundary at least partially encloses the sub-chamber interior and at

least partially fluidly isolates the sub-chamber interior from the main
chamber.
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Interior fluidly isolated fromthe main chanber i(\t@éi,ﬁg, (Vd] ble
backst op devi ce adapted for providing support to . @ /: %é?
boundary is in the first position. 18. The apparatus accor di ng to cI aim 18

further conprising a fluid conduit extending through the main chanber wall
I n communi cation with the -sub-chanber interior. 20. The apparat us

according to claim19 wherein the fluid conduit forwf,%ﬁuﬂfg End) 0 n

chanber wall is a fluid inlet conduit, the apparat conprising a
fluid outlet conduit fluidly communicating with the sub-chanber interior.
21. The apparatus 'according to claim 18 conprising a processing nedium
supply source communi cating with the sub-chanber interior AVENDED SHEET 1
2 DEC 2006 WD 03/107396 PCT/ US03/ 1458€ss-37- for pressurizing the
sub-chanber interior to a pressure greater than the main chanber interior.
22. The appar at us!®accp BRIGLS §oogrdinp fa M Ik wieassim at iy claspdpasitiensa’ posi tion of
the novabl e boundar ythe idimiag e siAtdIR Eooprtes with an@siodsufa@lvethe pr essur e than

5 the main chanber infemo ezéosemesﬁxanmb@mén G mgm ! @i m 22
- wherein, at the flrst o%| Qn ‘g novabl e oun ary, t e sub-chanber
s b oE o e

‘interior has an above™ Tel) IEmbATETRE mmi n chanber interi or
has a substanti al 1y aﬁhﬁtﬁgﬁﬁ'ﬁéﬂﬁ gecogding s glaim, 161\herain thr lseundgsy af theus accor di ng
to claim22 wherein, sb-ldidedfwallsbmiiass bie0d® (f a flberateBuginl sarieeundary, the

sub- chanber interi or ufara. @%\4%@&0@@&%&4,&ena%&aéggﬁ.@gqu&he mai n

chanber interior has at nospheri c ressure e apparat us
according to claim 18‘%9\?1 joe %ﬁ"a‘t%HEmF pip &t rejglinsy tpjagybspteSHRPO 15 pvabl e

boundary, the boundarsﬂff%t'@dmsad@thmfsub:maﬂherém@r. os (ih haolstratt  t he
apparatus to encl ose gub@nsaha&hmbersuwﬁmbérq&tewa@uﬁdc@iMe)esni #el ate the

sub- chanber interior d16nd he_appar at us
V\ﬂg{e P heﬁacg Qﬂg}qg %Oung{bgrqﬂtanoggurfa;re Se

according to claim 18 conprises one of: (i) a
substrate support sur?‘%i’@@aﬁﬁ‘?}ﬁ‘ﬂ??eiawqﬂéﬁ’at ion to

18.  An apparatus for processing a microelectronic substrate, comprising:
(a) a main chamber comprising & main chamber wall, the main
chamber wall enclosing & main chamber interior:
(b} =& movable boundary disposed within'the main chamber intarior
' and movabie between a first position and a second position,
whersin at the first puosition the movable boundary at least
partially defines a ‘sub-chamber comprising a sub-chamber
. Interior fluidly isolated from the main chamber interior; and '
(c) a movable backstop device adapted for providing support to
the boundary when the boundary is in the first position.

18.  The apparatus according to claim 18 further comprising a fluid conduit
extending through the mam chamber wall in communication with the
sub-chamber interior,

+20.  The apparatus according fo claim 19 wherein the fiuid conduit formed

through the main.chamber wall is a fluld iniet conduit, the apparatus

* further comprising a fiuld outiet conduit fiuldly communicating with the
sub-chamber intarior.

21. The apparatus "according to ~cfaim 18 comprising & processing
medium supply source communimﬁﬁg with the sub-chamber interior

AMENDED SHZET



20 a sub-chanber interior surface; or (ii) a sub-chanber interior surface
movabl e in relation to a substrate support surface di sposed within t'heDEC 2006
sub- chanber WReY108¥6 or (iii) a substrate support surfacBCHHP3H4384Db-
chanber interior surface, wherein the subgtrate support surface and the
sub-chanber interior surface are novable in relation to each other. 25 27.
The apparatus accordi fg gressttigihgnthbSsub@REnbaiimgricr ty acpressusogreater theoi dl y
comuni cating wth thgngifne fherioht erior. 28. The apparatus according

to claim18 conprising a vent u defy' comuni cating with the main chanber
interior. 29. The2dppdhatpraraiteatediding to eaigl i whetdn,@bihefirst posijion offae suppl y

source 30 fluidly CopyByRbieBbirdEr ht But-Eanibei ifeRRbE highpRisb@E that 2 DEC
2006 1T/ U8B 14 DEC -38 30. The apparatus according to claim 18 conprising

a sealing elerent di d}5J8%0 CORTRATMENE mai n chanber wherein, at the first
posi tion of the advabheapsrtadasstordingeo sieial 221ghepdin, @bk fifst positioy of the ol at es

t he sub- chanber interj € in mber .interigr. 31 The apparatus
according to claim 30 dvﬂ?’é?%%ﬁmd%&’ tggglfq %hég]g)far_e'ﬂtgﬂ?mlass’an%l?ﬁ)’%gtﬂogw'eﬁ'f/ a
substrate support sur Peessureprpidoe a@inghamper inteior sapa subistantially atn@epherie

appar at us accordi ng tgr&g@g_m 1P conprising a hernetically-sealed gate

providing an interface between the main chanber interior and an
envi ronment, tkt ethal The2RRAEAIHBASOCRATDERIM et & e figheesitios of iRapt ed t o
sel ectively provide aepeasie béindar/tRe sua¢han®BeifieRdr hadaeibovs-atnbdphetiae
apparatus according tg ecI aim %8 V\:her.ﬁ,‘l pLhe s bl-PEanbeél | nter orichas a
vol une rangi ng from aBbrs?)‘f{F etfjﬁ Y rﬁh 'k 3%{)?0 Phét ﬁ‘gY“iUP_P'é? . The
apparatus according teresbaent 18 wherein the sub-chanber interior has a
di ameter rangi ng éé.o"_FrﬁQB;BMétU?éc%Féein?Qo E‘iHiH‘%vg‘?e?Qﬁ,%{h%Fs? YaitfonOr @1 35. An
apparatus for processing a mcroelectronrc substrate, conprising: (a) a
mai n chamber tonpri si ApvabipBeyndanthe Bpungaryicoopaiatepyithan igieaaistifagaof|
encl osi ng a mai n chanfgrapbaialistdénciReltheGQBBRArTIEN thichidr At iRidyasoldsiihbace;
sub-chamber interior from the main chamber interior.
26. The apparatus according to claim 18 wherein the movable boundary
comprises one of: (i) a substrate support surface movable in relation to
20 a sub-chamber interior surface; or (ii) a sub-chamber interior surface
movable in relation to a substirate support surface disposed within the
sub-chamber interior; or (ili) a substrate support surface and a sub-
chamber interior surface, wherein the substrate support surface and the
sub-chamber interior surface are movable in relation to each other.
25  27. The apparatus according to claim 18 comprising a vacuum source fluidly
communicating with the main chamber interior.
28. The apparatus according to claim 18 comprising a vent fluidly
communicating with the main chamber interior.
29. The apparatus according to claim 18 comprising a gas supply source

30 fluidly communicating with the main chamber interior.



(b) a substrate support device .nmovable within the main chanber intejigt ; 5
between an open position and a cI osed position, thezm@sq zf ppo

devi ce conprising a substrate support surface wher 3t e algSé
position, the substrate support surface and the Interior surface at Ieast
partially define a sub- chanber fluidly isolated fromthe main chanber

interior; (c) a fluid conduit extending through th ﬁbm in
e

comuni cation with the sub-chanber; and (d) a novegikgik
adapted for providing support to, the substrate supporf devi ce when the
substrate support device is at the closed position. AMENDED SHEET 1 2 DEC
2006 WD 03/107396 PCT/ US03/ 14586 -39- 36. The apparatus according to claim
35 wherein at |east a portion of the sypstrate support device is
constructed froma high-yield strength ™taterial. 37. The apparatus :
according to clai n3B5 Teedppirusadecdr@RSlo daif Q8 lcbrikhisiRg atsEB%ng n chamber

wall is constructed frv\ﬁgrm Xhﬁan%é-ﬂl{e?w}%r@q,g@he%ft PPW@“%&['!%The appar at us

according to claim 35 | e | nteri.or chanber wal |
and the substrate supp'B?"Fb%L?P‘f“Q%’% B erlya slament Budly fsplgias dhe sub-
. corrosion-resistant nethempssinter@gom Fagairppamiat nraccor ding to claim 35

wherein the interisn Strrefaa&&n@fae&om.g é@ammmﬂeam@'ele gRgs the substrate
support surface are tr&g‘} %Qub%“tcolrlro |'ﬁg &msta aterial . 40. The
appar atus according t a| m°3 FEPRY SRR AIFReFI M i@t ed  gat e
providing an int er f ace®BB&heen the main chanber interior and an

envi ronment exter néd t thempraraa acroniing tolngaim WhekrPiishg aalbnﬂah@m@aggu position 15

of the substrate SuUppOgate ;ﬁcﬁMln@Qnlnﬁ}?&eﬁmﬁnrﬂ?&rﬁzlrﬂﬁgﬂ%rhté&r $GE s
general ly aligned with, PJ &ate%e etF‘em t acces b5t at e support

surface fromthe ext er nal environ THRESS YarEE dee a¥edt ding to claim
35 conprising a seal i riyf ?dé?rﬁﬂ'ﬂchveUP@ﬁé%wewlmdfﬂlmammamrimenbtanber wher ei n,
at the closed posidi oriThef apbdratus BEtomind Sthr @di® BURRRANIK ECMbSEmubNe seal i ng
el ement provides a fl unghd/ 163 SBiume ranging from approximately 10 ml to
approximately 10 ).
34. The apparatus according o dairrq ' 18 whereln the sub-chamber
‘ interior has a diameter ranging from approximatety 50. mm to
approximatsly 450 mm, :
35.  An apparatus for processing a microelectronic substrate, comprising:
(a) & main chamber comprising a main chamber wall, the main
chamber wall enclosing a ‘main  chamber interiar and
comprising an interior surface;
(b) 2 substrate support device mavahle within the main chamber
interior between an open position and a closed position, the
substrate support device comprising a ‘substrate support
.surface wherein, at the closed position, the substrate support
surface and the intenor surface at least partially define a sub-
chamber fiuidly Isolated from the main chamber mtarior;
(e) = fiuid condult extending through the main chamber wall in
communication with the sub-chamber; and
(d) amoveable backstop device adepted for providing support to

the substrate support device when the substrate support
device is at the closed position, '

AMENDED SHEET



boundary between the sub-chanber and the main chanber interior. 42. The
apparatus according to claim4l wherein the sealing elenent is supp@r®&d 2006
by the substn ort device and circunscri bes the substrate support
sﬁrface. 25 g(?&'?ﬁzbggppar atus according to clai m35 wher ePATUSP1#5& ¢l osed
position of the substrate support devi cgg-the sub-chanber has an above-

at nospheric pressure and the main chanber interior has a substantially

at nospheri ¢ pressar e. Thedappatatuscgeperdiat de claiot8i dhergintad leabtzd pord® offileg ei n, at

the cl osed position 0%88%89 T#E%%glgﬁgeafsec&gpmg frafVa GRon-yidie sk&iue hanber

has an above 1 2 DEC _ 4586 J:roA. C 25 DEC". ° -40 atnospheric
pressure and the mai nM&®B¥ber interior has a bel ow atnospheric pressure.

45. The appar aL uswagcmedéﬁwra&% éﬂc@«‘dfﬂi@%clﬂhﬁﬂ@@vﬁefbh%mﬁfa EoTEaTDEr rth@?ﬂS) anth
end portion, the en ortion has a bore ning, into e i n, chanber, e
substrate support dev‘gﬁ'a C"'@"W\Y‘% I'secof’ﬁtFLf??Fgﬁr%%h'lgg'ryl?,'J Strgﬁgﬁ%erﬁgpar at us
further conprises8a sEa appgratlsacesttingtosiamad wakreirt the inmoioeswsfiade 6ftiog dl y

i solating the main chag i I i t Rihdkgto nmain
chanber. .416. The ap?grﬁgbﬁéggg%ég% FE]%%%%%?@%@%%&@%Q ran act uat or
coupl ed to the substifema coupgiv-esig@énip@efiar noving the substrate support

devi ce between thg OpeH: ApdraflsteestdiRe & ddiB8 whirbin thE ftetRPalraks!s tRg cor di ng
to claim'351%onprisi mechanjically referenced to the

ng, a backsto Vi ce
mai n chanber Wall . 48r.”g“i‘l‘f8a'8'b‘ﬁé{‘faggﬂ£t 88%’8‘%@”‘?‘6{5&‘%‘? AFeRREVEI B t he.
backstop device conpedreeisnaesistst ratentl. member novabl e between the substrate
The apparat us- - ackor ol B Pa ki ieEeREb R SRS dfhohifa TReRdBRIRELIT - 1l
an actuator and a congdte arpvidingrekaerfacaiteiesn e mein chembesdnterior epd ahd t he
restraint menber. 50. eriren@pit@kidinabto de0ndinl tiindePwhdrainat h oplresdaition t he

conpl i ant 1 n1l§age Cogp l’hieS gusnsf’%atre 0sclix'p'port device, the substrate support surface is
generally aligned with the gate to permit access to the substrate support

surface from the external environment.
41. The apparatus according to claim 35 comprising a sealing element
disposed within the main chamber wherein, at the closed position of the

20 substrate support device, the sealing element provides a fluidly sealed
boundary between the sub-chamber and the main chamber interior.

42.  The apparatus according to claim 41 wherein the sealing element is
supported by the substrate support device and circumscribes the
substrate support surface.

25 43. The apparatus according to claim 35 wherein, at the closed position of
the subsirate support device, the sub-chamber has an above-
atmospheric pressure and the main chamber interior has a substantially
atmospheric pressure.

44.  The apparatus according to claim 35 wherein, at the closed position of

30 the substrate support device, the sub-chamber has an above-



51. The apparatus according to claim50 . wherein the rod has a | engf HEC 2006
rangi ng from approxi mately 10 nmto appr oxi rrate rat us
according to claim50 wherein the rod has a dia @Wﬂ&g?ﬁd&ﬂg%%

approximately 1 mmto approximately 5 nm 53. The apparatus according to

claim49 wherein the conpliant |inkage conprises at |east two rods. 54. An
apparatus for processing substrates, conprising. (a) a novable substrate

support structure conprising a substrate supporqéﬁgpfgi esqﬂ% ?ﬂﬂf|ng

el enent; (b) a processi ng chanber bounded by the t *surf ace
and the sealing -elenment; AMENDED Slits 1 2 DEC 2006 03/14586. UEC2 -41
(c) a main chanber surrounding the processing chanber and enclosing a main

chanber interior fluidly sealable froman environment external to the nain
chamber and fromthe processing chanbef® (d) an actuator coupled to the

substrate support SurEtﬁ{B&hQr{?:dpreséﬁé‘Qﬁoeﬁ] fr%[m gh %’O'!’W?é%@ﬁ %%elgr ocessi ng

osed ¥" t he cl osed

chanber between an O?t
state, the sealin Eﬁ‘é"ﬁf’"c 5% %es a fl ui dI y isol ated boundary between
t he processing ch# effheaﬁma"@th%amﬂimbmmaﬁwbamh ﬂatmatnhﬂamubpm state, the

substrglte EupEort sgrﬁﬁéﬁgﬁloﬁxﬁ@&pr&ﬁbﬂtm@am H}[nﬁri or,b and (a)
a novabl e backstop deyj r n ort e substrate
support structure when {pe %(g)%:bg%g% pg’t&\r%el Vgéf‘?pﬁ‘ ?fb"’?zpﬂged state. 55.

An apparatus for proc8 %"s ?1 pé'aFr‘P&“B%I@@P?%ﬁﬁéeﬂhﬂ)s*ﬁmmwsmeﬂ atadj ust abl e
between a substrate ptecessamgfudydeciating tise sibsihambe intéRE 6% dwode, the
apparat us conpri si ng: efvignmintBRtsial ¢ AP Samp QP | Si-ng @ mai n chanber wal |,

the main chanber 4¥\B| ek a5 é.bgorﬁng@lcpamgz g?mmpnswlgnatn%%gtgr coupled
to the substrate support device for moving the substrate support
device between the open and closed pasitions.

47. The apparatus according to claim ‘35 compﬁsing a backstop device
mechan(lly referenced to the main chamber wall, |

48. The apparatus according to claim 47 wherein the. backstop device
comprises a rastraint member movable between the substrate support

~ device and the structure referenced to the main chamber wall.

48. The apparatus' according to claim 48 wherein the backstop device
comprises an actuator and a compliant linkage intercoupling the
actuator and the restraint member; _

50. The apparatus according to ciaim 48 wharein the compliant linkage
comprises a rod. ' )

51. The apparatu; according to claim 50 wherain the rod has a isngth
ranging from approximateiy 10 mm to approximatzly 100 mm.

52.  The apparatue according to claim 50 wherein the rod has a diameter
ranging from approximately 1 mm to approximately 5 mm.

53. The appamtus according to ciaim- 48 wherein the compliant lmkage
comprises at least two rods. ‘

54. ' An apparatus for processing substrates, comprising:

(8) a movahle substrate support structure compriging a substrate
support surface and a sealing element;

() a processing chamber bounded by the substrate support
surface and the sealing ‘element; '

AMENDED SHEETY



(b) an interface conmponent nounted to the main cha

er
bet ween an open state and a closed state, wherein "i %bﬁgﬁlﬁ

1 2 DEC 2006

the interface conmponent permts access into the main chanber i nterior. from

an environnent external
state,. the interface

(c) a boundary novable within the nai
position correspondlng to the substrate processin

envi ronnent ;

conponent seals. the main chanber fromt

to the main chanber, and (ii) at the cl osed.

he external

QEEEEEE§%53?H$CJHR§ge|y

to a second position corresponding to the substrate access. node, wherein

(1) at the first position,
pressuri zabl e sub-chanber sealingly
AVENDED 1 2 DEC4006 9 3 14 5 'EC

interior and adapted to
confine a substrate,

the substrate to be tr %sf@r

the open-state interface

56. The appay;
substrate handling. nodyl e en

the boundary at |east partially def

i nes a

segregated fromthe main chanber

ZDOA -42

(||% at the second position, the boundary permts
& ShRRRST SWRPUSHIRY thermseressine ovainber ahanber t hr ough

COviERIg en trigin aahembel ) interionWiviahp lsGaidbRCHR g devi ce

adapted for providi ng supp@hdirhient teh@msloibn@@rr){a,m;?%btepgnp%mdgry is in the
first :position.

he external environnent,

wherein the

c&%Mé %cgordlng to claim66 conprising a

interface conponent i rftar @BASES" P%'a?réPrﬂ‘Q:m sempdrt tshréacs whest r at e
57. The apueedabuntdingitd fgcdsénd bramBaraBmebiessi n t he

handl i ng nodul e.
substrate handling'

robotic end

modul & &pelméérﬁeascl Hﬁ@hﬁ&én’? a’iﬁz?@ésﬁg%ggg'} rber and a

ef fector dlsp%aﬁ hin the substrate

the interface conponent
ef fector therethrough from!fteheoessingt shamiesrtang thef wmain cheenbbreand: at tnd from t he

56. ofttestapins aibsfete eeppbr itted & axsdsal 315 Wherein the

mai n chanber
mai n chanber

I nterior.

and

58,

(8)

,An

i S a%ﬁ'?'@%“ PBY'%’?C‘?:NH%‘B%@W”‘FH?D@W%@“

main chamber interior; and

anber and
of the end

a movable backstop device adapted for providing support to

the substrate support structure when the processing chamber
is in the closed state.

apparatus for processing a microelectronic substrate and

adjustable between a substrate processmg mode and a substrate
access mode, the apparatus comprising:

(a)

(b)

(c)

a main chamber comprising & main chamber wall, the maln
chamber wall enclosing a main chamber intetior;

an interface component mounted to the main chamber and -

operebie between an open state and a closed state, whersin )

at the open state, the interface component permits access into '

the main chamber untenor from an environment external to the

main chamber, and (i) at the closed state, the interface .

component seals the main chamber fram the extemal
environment;

a boundary movable within the main chamber to a first position
cotrasponding to the substrate processing mode and
altemately to a second position comesponding 1o the substrate
access. mode, wherein (1) at the first position, the boundary at
least partiglly defines a pressurizable sub-chamber sealingly
seg_regated from the main chamber interior and adapted to

AMENDED SHEET



the -substrate handling nodul e encl ose respective substantially 2 DEC
to c] ai rﬁ gﬂgﬁ

at nospheric pressure environnents. 59. The apparatus accgyrdin
conprising a substrate | oading device coupled to the SHP%&%?@%Z[héﬂﬁgigp’
nodul e. 60. The apparatus according to clai m56 wherein-the i“h“cha - ¥
-~and the substrate handling nodul e enclose , respective vacuum
-environnents. 61. The apparatus according to claim®60 conprising a vacuum
substrate fabrication nodule hernmetically coupled to thes;jusst rahen
handl ing nodule. 62. A nethod for processing a nicroel*ect i"cagugsg 29[]&
the method conprising: (a) ' providing an apparatus conprising: AMENDED
BEET 1 2 DEC 2000 WD 03/107396 PCT/US03/14586 -43- (i) a main chanber
conprising a main chanber wall, the min chanber wall enclosing a nain
chanber interior; and (ii) a sub-chanber egmprising a sub-chanber wall, the
sub- chanber wall enclosing a sub-chanber interior and 5 disposed within

the main chanber interior, viREIE;h SEIFEe.saKL fhaties somnd resdivpr fses a
boundary; (b) introducing a wiwatgendts thersubststels be atrefetret itotahe oub- chanber

interior; (c) fluidly isol atiichg teN@aif WhambaRRlgH HeChleRbtale! ARliLE Mai N
chanber 10 interior; and (d%mL”%ELQﬂHCi ng a processing nediuminto the-
sub- chanber interior, whereby e processi ng nedi um pressurizes the
sub-chamber interior tddh ¢ @Ikl bRHERP deviessisRred for prrddsgusuprasitd cont act s
the substrate. 15 63. The rtb¢ bruckagoden the bourtiary & lirsthetiré gostlaer ei n t he
processing nmedi um i sse. i NMtHeGHMraEk dobrdingtth Slaifi 83 BRAHERE L slifdl-§ i\é?lﬁlin%hr ough a
fluid conduit forned t%%ghen%tgg ngiene ch%nbe wal | 64. The nethod
according to claim62 comprisrng the SEER o?““hﬂ’i"ﬁ?ta?”ﬁ?’ﬂ@ the interface

component intarcouples the main chamber and the substrate handling

- module. '

57. The apparatus according to claim 56 whersin the substrate handling
module comprises a substrate transfer chamber and a robotic end
effector disposed within the substrate transfer chamber, and the
imerface component is adapted for accommddating movament of the
end effector thersthraugh from the substrate trangfer chamber to and
from the main chamber interior.

58. The apparatus according fo clalm &8 wherein the main chamber and
the -substrate handling module snclose respective substantially

_tmasphsric pressure envi,roﬁmenfs.

62. The apparatus according to olaim' 58 comprising a substrate loading
device coupled to the subsirate hendling modute. .

80. The apparatus according to cleim 56 wherein-the main chamber and
‘the substrate hending module enclose respective vacuum
-environments. '

61. The apparstus according to cla‘xm'SO comprising a vacuum substrate
fabrication module hermetically coupled to the substrate handiing
moduie,

62. * A method for processing a microelectronic’ substrate, the method

- comprising: '
(@) providing an apparatus caomprising:

AMENDED SHEETY



the main chanber interior at or bel ow atnospheric pressure while the ZDOE
sub-chanber interior is fluidly isolated fromthe main chanber i nt er} &r0EC 2008

65. The net haogloas i Ng to claim62 wherein the step of ka:ﬂ/'Ug(lsyl dgsolating
t he sub-chanber interior conprises noving the boundary of SEUE® chanber

wal | from an open position to a closed po43tion. 66. The met hod according

to claim®65 conprising the step of transferring 25 the substrate into the
mai n chanber through a sea(l)ablgmiﬂ? 853@%‘% 8Py ar%'%cgﬂlﬁ%&aﬁvﬁﬁ e the

boundary is at the open positi omindddmbdrivell emddsing aamairochaimber iteriati aadm 66
conprising the step of pl A ngatsnigchm%(?]rﬁﬂr@ingr% JuP%hQﬁHMl}’the@&a- The
ng the stép o

nmet hod according to claim conpri si . using an 30 actuator
coupl ed to the boundary to novehamker jsiinenpigpinged erehameer ST #78 cl osed

positions. 1 25DEC 2006 A 6031%a5&Rd within'th® malrCeHaRber mfetiar, Gersihmenet hod
according to claim62 wherein t . chanber wal |

tE boundary of the t§ub- (

conprises one of: (i) a substr SfRCRATRSEYE OMPFSRSRA P& ¢ in relation to a
sub- chanber interior shyrfaekodusingra aicsadectratiastiestrateningr thersubwhéraioss novabl e
inrelation to a substratel %ngport surface di sposed within the sub-chanber
interior, or (iii) a substrate’ support surface and a sub-chanber interior
surface, wherein " thdc) sulbidly iselatinaipgperbtchemperdaterieriiemthe msnishambrer
interior surfage are novafsfokandel ation to each other. 70. The nethod
according to claim62 conprising the step of naintaini the fluid

i sol ation of the sub- éWanb‘@W‘i"%‘ft”@raiRﬁ?ceB?'P%W'Wﬁ info E‘S&S%Bﬁ“bedgﬁ?r@é bet ween
t he boundary and the struciwhdreby ®bereassid rheditirh @ressmizes tHeasubehambér . 71.

The net hod according to clajm 70 wherei.n t evi I r ought
into mechani cal contact wi PEMPHE 3HGH dRA e?s%agﬁs&&%ﬂpeﬁﬁg%ﬁg%ﬁ%ﬁaccor di ng
to claim 71 wherein the baslostratp. device is mechanically referenced to the

mai n chamber v&l | g3 73.7hEhRiAES HQBrdRGO tlinl182 WRereindhdThddessMahddiini@ the step
of using a vacuum source to reduce pressure in the majin chanber interior.
introduced into the sub-chamber interior through a fiuid conduit formed

through the main chamber wall.
64. The method according to claim 62 comprising the step of maintaining
the main chamber interior at or below atmospheric pressure while the
20 sub-chamber interior is fluidly isolated from the main chamber interior.
65. The method according to claim 62 wherein the step of fluidly isolating
the sub-chamber interior comprises moving the boundary of the sub-
chamber wall from an open position to a closed position.
66. The method according to claim 65 comprising the step of transferring
25 the substrate into the main chamber through a sealable interface of the
main chamber while the boundary is at the open position.
67. The method according to claim 66 comprising the step of placing the
substrate on the boundary.
. 88. The method according to claim 65 comprising the step of using an
30 actuator coupled to the boundary to move the boundary between the
open and closed positions.



74. The method according to claim62 conprising the step of purging thg DEC 2006
mai n chanber interior through a vent fluidly comuni cgu__qguwi th the nmain
chanber interior. 75. The nethod according to, claim 62um€@rﬁtﬁd%586
processi ng medi um conprises densified carbon dioxide. 76. The “net ho

according to claim75 wherein the densified carbon dioxide conprises
supercritical fluid carbon dioxide. 77. The nethod according to claim75
wherein the densifled carbon dioxide conprises |iquidyeapkan: |ﬁgggzu &8.
The apparatus according to claim| further conprising & wegpoOrt g
and wherein the backstop device is adapted to provide support to the

sub- chanber wall through the support device. 79. An apparatus for
processing a mcroelectronic substrate, geaprising: 1 2 DEC 2006 03/14586
"AJXODECZ004 -44b (a) a, main chanber conprising a main chanber wall, the
mai N chanber wal | 6@nclTos metjodcacherniing fo lekai 62 whentie the dwunsard of theosgdr i Si ng an
interior surface; (b) Eehaﬁwast,vélawnpﬁséap&{etofﬁemié:euamala!gﬁum&ﬁ&a the main
chamber interior bel wegn, A, O BOSLI 8nA it CLASEH oPRS] bison: (he
substrate support device conprising a su s{"rate,suppor urface wherein,
at the closed positi on, NeTRE" EEHY SHEACE MOy Int relatipn 19 & EUOSER® SYARE™ i nteri or
surface at |east parti ahiface diefdsaewithinghd sub-chednisariireariod budiigh gubissad at ed from

the main chanmber interiQboon(dtach shh i SR lméish SIMILOGubRBHOMEN t he mai n
chanber wail in conmmuni C%tﬁtl on with the t?sﬁlb-ch nber,. and (‘%% a backst op
devi ce mechani cal l'y refSPEAE SUPED SYRES AN esﬂ?ﬁ%ﬁﬁ@?’ Rl SUBteA™ An appar at us
for processing a m croerwehleipmaorstgpashiciiee, conprising: (a) a main chanber
conprising a main ciansme meibd accbriitg Wiidim 6Z Evipheng ti@dtép & MakRBINGg a Mai n
chamber :j”t erior a”gl Ctﬂérﬁ’a{i]d é&xéﬁﬁn Btnd mbe%hhﬂﬁer%ﬁglaﬁferhov‘ng)a Rostdpstrate
support device novabl e ngitce Lawetenethengéu?xdgry %Hyﬁ{e structure referenced fo the

main chambar wall,

71. The mathod ac'dording to claim 70 wherein the backstop device is
brought into mechanical contact with the main chamber wall. .

72.  The method aécording to claim 71 wherein the backstop device is
meachanically referenced to the main chamber wall,

73. The method according to éiaim 62 comprising the step of using a

' vacUUm Source to reduce pressurs in the main chamber interiar.

74. The method according to claim 62 comprising the step of purging the
main chamber intsridr through & vent ﬂﬁidly communicating with the
main chamber interior. .

75. The method according to.claim 82 wherein the processing medium
compriges densified carbon dioxida.

76. The method according to claim 75 wherein the densified carbon

' .dioxide comprises supercritical fluid carbon dioxide. '

77.  The method according to claim 75 wherein the densified carbon
dioxide comprises liquid carbon dioxide. |

78. * The.apparatus according to claim 4 further comprising a support
device and wherein the béckstop device is adapted to provide support
1o the stib-chamber wall through the support devica.

79, An apparatus for processing a microgiectronic substrate, comprising:
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interior between an open position and a closed position, the substiraDec 2006
support device, conprising a substrate support surface wherei n at the

cl osed position, the substrate support surface ',‘-' [g}g gn?r #Bgrgge at
| east partially define a sub- chanber fluidly i s’bl ate th

chanmber interior, (c) a fluid conduit extending through the main chanber -
wal | in communication with the sub-chanber, and (d) a backstop device

mechani cally referenced to the nain chanber wal |, m gengﬁCEEg%
device conprises a restraint nmenber novabl e betwee! Gh¥t e port
device and the structure referenced to the main chanber wall. 81. An
apparatus for processing a mcroelectronic substrate, conprising: AVMENDED

Std 1 2 DEC 2006 MJS0311458 ?9DECZ004 44c (a) a main chanber conprising a
mai n chanber wall, the main chanber walt4&ncl osing a main chanber interior

and conprising an integy or, Sl bRfBer c{o%n gsyp_lgrhrcﬁa% y@pg_ﬁt devi ce novabl e

within the main chamber interior T a cl osed
position, the substrate st TS’EPF vF’Zf’é’s'E%ni‘)r'i“%'P n@“aa‘baéub’?!’?faﬁ@ support
surface wherein, at the cl ¢Serlisingaiinteiansurabe substrate support  surface and

the interior surface at(p)l easdubguastsioh YiekRf hivenid witiPme Q,Q,ﬁrmﬁﬁbe,f' ui dly

isolated fromthe mai n charghgg bd%e% [ t .extendi ng
t hrough the mai n chanber wal | r ﬁaf? Her(&%smgh Lndiﬁoste?? lsd%'?ﬂ nEz‘anarrber and

(d) a backstop device rrechéHl?sE‘z‘ﬁlﬂ}’m?"Ef doVieR cEATPERiNG: ResukeiEle suphethber wal | |
wherei n the backstop devi ceudaserphdreimsit the cloeet poaitinti, theeudardte BpYaD! € bet ween

the substrate * support deuid#e aRitfe hBRorshides bk Eaﬁf RRfeGAs b0 the main
chanber wal'l, and wherein H}ﬁb p@ﬁé g@dq? ge €0 | Ses. an actuator and a
conpl ai nt |inkage I nter gounls actuarore gy & e?'&"grﬂ"al nt nenber.
ﬂud conduit extending through the main chamber wall in
communication with the sub~chamber; and
{d) a backstop device mechanically referenced to the main
chambar wall .
BO.  An apparatus for processing a microelectronic substrate, comprising:
(a) & main chamber comprising a main chamber wall, the main
chamber wall enclosing & main chamber interior and
comprising an intarior surface: |
(b) a substrate suppor; device movable within the main chamber
interior between an open position and & closed positian, the
subsfrate suppurt device. comprising a substrate support
surface wherem, at the closed position, the substrate support
surface and the intertor surface at least pertially define a sub-
chamber fluidly isolated fram the main chamber inteﬁor';
(c) a fuid condult extending through the main chamber wall in
communication with the sub-chamber, and
(d) a backstop device mechanically referenced to the main
chamber wall, wherein the backstop device comprises a
restraint member movable betwsen the substrate suppart
device and the structure referenced to the main chamber wall.
81. An apparatué for processing a microslectronic substrate, comprising:

AMENDED SHEEY



A
82. An apparatus for processing a microel ectronic substrate, co gnzg

(a) a main chanber conprising a main chanber wal|: "%W“:s ﬁal
encl osing a main chanber interior and conpr|5|n | or surface: (b)
a substrate support device novabl e mnthln the main chanber Interior

bet ween an open position and a closed position, the substrate support

device conprising a substrate support surface wherein, at the closed

position, the substrate support surface and the inter.d ast
partially define a sub- chamber fluidly isolated frojpt#ise Baﬁﬁf@r&gh&
interior, (c) a fluid conduit .extending through the main chanber wall in

comruni cation with the sub-chanber and (d) a backstop device nechanically
referenced to the main chanber vvaII widde-ei n t he backst op device conpri ses
a 4-AENDED Std' 1 2 C 200 / U8031145 66 DEC 1019 -44d restraint
menber novabl e betweertt hé su'bs fe TR maRRTE 4t tenBat r uct ur e
referenced to the main ch&s&eEr vﬁ"l enclogif@r @i maip hehamaﬁfksltanpr @edi ce conpri ses
an actuator and a conpl aicomprishybrcigerior surfeges oupl i ng the actuator and the

restraint nenber, a”Qb)V\h%rs%béﬂ-atU}.ﬁppG{PBB}.d@,'nﬁH\,ad,é %ﬂ?ﬁaﬁ%ﬂ% s a rod. 83.

An appar at us for-proce55| r}ﬁﬂla mcroe ectronic s Fisi ng: (a) a
mai n chamber comprising a HRPNCEYRSAEE CPeaPasiton anst aaipsed pestiey wal |

encl osing a mai n chanber |5Vﬁ5§$f¢mﬂpmﬂddevcemmmmgaawbmmemmrt surface; (b)
a substrate support devi ceurmy ahéren, 4t ticRsdd\RsiiEH, e GRATRS kuppbMt €1 i OF

between an open posi {1 0N Afhedet] G AR bl Hlees eSS 13TE SupPOT

devi ce conprising a substr G284 cl osed
position, the' substrate s’%ﬁ’&f{”%’?ﬂ'??ﬁ&@“ﬁ'ﬁﬁ‘alnh‘éamfﬁf'é*ﬁmr surface at |east

- partially define a subie) clhdivisetoridutiixeiing bgtt thel iaimochainbe wamisn chanber
interior, (c) a fluid conduhhurfstcrivii 16 sibbhamsds hiie mai n chanmber wall in

' (d) a backstop device mechanically referenced to the main

chamber wall, wherein the backstop davice comprises a

restraint membsr movable between the substrate ' support

device and the structure referenced to the main chamber wall,

and wherein the backstop device comprises an actuator and a

complaint linkage intercoupiing the actuator and the restraint

member. S
82.  An apparatus for pmceaslng a microelectronic substrate, comprising:

(@) @ main chamber comprising & main chamber wall, the main
chamber wall enclosing & main chamber interior and
comprising an interior surface; -

(b) = substrate support device movable within the main chamber
interior between an open position and a closed position, the
substrate support device uomprising 8 substrate support
surface wherein, at the closed pasition, the substrats support

- surface and the interior surface at least partially daﬁne a sub-

_ chamber fiuidiy isolated from the main chamber interior;

() a fluid conduit extending through the main chamber wall in
communication with the sub-chamber; and

(d) a backstop device mechanically. raferenced to the main
chamber wall, wherein ‘the backstop device comprises a

“MENDED SHEET
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comuni cation with the sub-chanber, and (d) a backstop device nechqn tl 6
referenced to the main chanber wall, wherein t%§€2?2tﬂ%f ég ol o]
conprises' a restraint nmenber movabl e bet ween ﬁ dygug' r@
device and the structure referenced to. the main chanber wall, wherein the
backstop device conprises an actuator and a conpl aint Iinkage

I ntercoupling the actuator and the restraint ... 8

conpl aint |inkage conprises a rod having .a Ieng;“,h S
approximately 10 mnmto approxinmately 100 nm 84. An apparatus for
processing a mcroelectronic substrate, conprising: (a) a nmain chanber
conprising a main chanber wall, the main chanber wall enclosing a nmain
chanber interior and conprising an |nL&r|or surface; (b) a substrate

support device nmovable within the main @fanber interior between an open
position and a closed posbdthinmeiite mAVyBBFbehloén 'EthdJs@o%{rééliﬁfmeEC Z004 -44e

Substrate supnort . devi ceuhpind/cifl s ADSLLAD G PGLAer R 200 Wher el

at the cl osed p05|t|on the su s%rate suppor
surface at |east partial | %Ry e, a%@%ﬂ“"’*@h%ﬂﬂé‘fesfﬁ“m%‘yf pRsoRat ed from the

mai n chanber interior, (cpmplaiftligkade gtarchupiing ¢het atudiongndt the aiggdntt he nai n

chanber wall in communi Cr&érﬂb@ﬂar\&vm&eﬁw%c‘éhhblmﬁtﬁ @Eompﬂsﬂeg (—&Vi%}] a backstop

devi ee nechani cal r erein the
by &[8h 55&95% e&%%eésag?%% asgﬁ%w

backst op device corrprl ses "WBEn the substrate
support device and tfik & Wﬂﬁfﬂﬁ'@err"é’F@F%%%d‘at"whﬁfﬁ@fNﬁﬂ dhecmainber wal |
wher ei n the backstop devidemtspnyalli sedosimg acteiat olardad iMeroc QP! ai Nt | nkage
i ntancoupling the actuat compridilg bReAid® Siifzgd;Nt  menmber, and wherein the

.conpl aint |inkage co | SL8inerateC oo %# ngt.h_ ra from
approxi mately 10 nmm {T(Bf approxi nare ‘%e‘lffgm ‘ "hg'ﬁ"f?g‘ l‘él‘g]'?i‘i’eétrnet er ranging
from interior between an open position and a closed position, the
: substrate support device comprislng 2 substrate support
surface wherain, at the closed position, the' substrate support

surface and the intarior surface at least partially defina a sub-
chamber fiuidly isolated from the main chamber interigr; -

{¢) a fiuid conduit extending through the main chamber wall in
communication with the sub-chamber; and
(d) a backstop device mechanically referenced to the main
- chamber wall, wherein the backstop device comprises’ a
r&strgint member movable between. the substrate support
device and the structure referenced to the main chamber wall,
~ wherain the backstop device comprises an actuator and &
complaint linkage intercoupling the actuator and the restraint
member, and whersin the. complaint I'Inkage comptises a g
having a iength ranglng from appmxumately 10 mm
apprommately 100 mm,
84.  An apparatus for processing a microalecironic subétta‘te comprising:

" (@ & main chamber comprising @ main chamber wall, the main
chamber wall enclosing a main chamber interior and
_eompnslng an interior surface;

by a sub_strate support device movable within the main chamber
interior betwsen an open position and a closed position, the

AMMENDED SHEET



approximately 1 mmto approximately 5 nm 85. An apparatus for processing a

m croel ectronic substrate, conprising: (a) a mai F r{j a[nh:Si ng. a
mai n chanber wall, the main chanber wall encl osifi 4 cEﬂ elt- 5006
interior and conprising an interior surface;

devi ce novable within the mai n chanber
and a cl osed position, the substrate support device conprising a

T -. |:yD§§ W

substrate support

support surface and the interior surface at |easl

surface wherein, at the cl osed

-chanberfluidly isolated fromthe main chanber interior, (c) a f
conduit extending through the main chanber wall in comrunication wth'
sub- chanber, and (d) a backstop devi ce@chani cagy referenced to the nain

"chanber wall, wherein the backstop deviCe conprises a
nmovabl e between the substsniatrate Sauppat HevidCwingasiiN G bliRirdtd rusdoH

to the main chanber wal |l gyrdMh&EL SHEE Ty - 0 ' USO3f 1411-" .
D EtjLU Ur -44f whereip th K i cﬁe@p%.mﬁbsﬁﬂuppog

e b st Q evi ce
conpl ai nt i nkage intercouﬁ??ﬁﬂﬁﬁﬁgkﬁ@Fﬂ§¥%Ftﬁﬁﬁp'W@VPQEEP&Wht

wherein the conpl ai nt | i Skager Béiyolated drom thel mirsthamipaninteriods.  AVENDED SHr

8s.

(c) a fluid condult extending through the main chamber wall in
communication with the sub-chamber; and

(d) & backstop device mechanically referenced to the main
chamber wall, wherein the backstop device comptises a
restraint member movableé hetween tr;e substrate support
device and the structure referenced to the main chamber wall,
wherein the backstop device comprises an actustor and &
complaint linkage intercoupling the actuator and the restraint
member, and wherein the complaint linkage comprises a rod
‘having a length ranging from approximately 10 mm to
approximately 100 mm and having a diameter ranging fro.rﬁ
apprc»cimaigly 1 mm to approximately 5 mm.

An apparatus for progessing a microelectronic substrate, whpﬁsing:

(8) a main chamber ouniprising. a main chamber wall, the main
chamber wall enclosing. a main chamber interior and
comprising an interior surface; | |

(b) - a substrate support device movable within the main chamber
interior between an.open position and a closed position, the
substrate .support device comprising a substrate support
surface wherein, at the closed position, the substrate support
surface and the interior surface at least partially define a sub- -
. chamber fluidiy isolateq from the main chamber interior:

(c) & fluid conduit extending through the main chamber wall in
communication with the sub-chamber; and

(d) @ backstop device mechanically referenced to the main
“chamber wall, wherein the backstop device comprises a
restraint member movable between the substrate supporf
device and the structure referenced to the main chamber wall,

ADAENDED SHEET

conpri ses an ‘act uat or

(b) a substrate support
I nterior between an.open position

frate

ine 'a sub-

| uid

restrai nt nenber
re referenced
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60
and a
nmenber, and
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wherein ﬂ'xelbackstop dsvice comprises an aciuator and &
complaint finkage intercaupling the actuator and the restraint

member, and wherein the complaint linkage comprises at least
two rods. '
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