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(57) Abstract: An apparatus for supercritical processing of multiple workpieces comprises a transfer module, first and second su-
~~. percritical processing modules, and a robot. The transfer module includes an entrance, The first and second supercritical processing
modules are coupled to the transfer module. The robot is preferably located with the transfer module. In operation, the robot trans-
fers a first workpiece from the entrance of the transfer medule to the first supercritical processing module. The robot then transfers
a second workpiece from the entrance to the second supercritical processing module. After the workpieces have been processed, the
robot returns the first and second workpieces to the entrance of the transfer module, Alternatively, the apparatus includes additional
supercritical processing modules coupled to the transfer module.



PROCESSI NG OF MULTI PLE WORKPI ECES RELATED APPLI CATI ONS Thi S%apiliZ08ti on
clainms priority fromU. S. Provisional Patent Application No. 601163, 121
filed on Nov. 2, 1999, which is incorporated by reference. 5 FIELD OF THE
| NVENTI ON w@bfassizvention relates to the field of supercridyifhapéocessi ng.
More particularly, thi s I nvention rel ates to the field of supercritical

processi ng where nulti I’kpl ces ] c{‘}“]siet aneously. 10
BACKGROUND OF THE | %E%QM s photoresist in
ion inplantation, etch ot her processlng s eps In the ion

I npl antation steps, the photoresist masks areas of a sem conductor

subst r at w&&%nt ed with a dopant. In the etching steps, the
15 phot or esi stThiseplkcatnedsins fprivtiy fiwent) SoPduistoozl PeighsAppdicgiondt ar e not
etched. ESHI 03 il difiGoy. 21068 WHAGERSINGEE BPRAAELUIE USing Lhe
photoreslst a8 "a bl anket protective coating of a processed wafer or the
bl anket protective coating of a MEMS (mcro el ectro-nechanical systen)
devi ce. FEIELDMRFHEMNVENTIONDI antati on steps, the photoresist exhibits a

hard outer crygd lncalvlsﬁ Felileso 1R df%\hﬁrc@lﬂﬁﬁ ro-Eg@mEaNQr@[b&'ﬂu]a@l@Ltﬁis leads to
difficulties jn etchlng st eps,

remai ni ng PREEH F%‘é‘?sstf’ ‘Wf??‘t‘?‘lsgpeé“ﬁ‘ﬁ%’é%&%f‘“éﬁg\ﬁa T@gple PRUPIFEAE to

di ffi cul t pesessed sithgltapénoslyr esi st renoval . Fol | owi ng the etching steps,

resi fige (photoresist residue mxed with etch residue) coats sidewal|s of
etch featur Sg:pgﬂ%gm%&@? of etching step and material etched,

t he phot ore the etch residue presents a challenglng
renoval probl e&qnypq:@ect@ﬁebrpnmwe@h@torqsﬁsmderemml%@éaeowefqh“tgh@ othep 25

resi due ofkgRess E%@ﬂglm tHeQéintptantafien &Eﬁﬁ%bhﬁor@ﬁstﬁﬁh@ks&fr@h of gat ur es.

gly P |S ?rgl I y sﬂﬁ%nductopsrub%zateqfxit ‘are J&f nﬁﬂ JQEJ asciopglgdk} Jgget(:ﬁﬁé g‘l"fs @pe removed by

["'eani n? cSaosahn bath. A
sem é@)ndu@b@ipfeéﬁtd?ﬁsh@madﬁﬁthﬁé?r&‘F‘P’}dﬂ%iP’l %‘Hstﬁ%t&aéége“a etffwé BF?’B‘?“
i Il ustr at ethet probdssigkstebisaghainutiag thetphotorebibt@s a blanKdh protestivd @etiiidtaor et chi ng

and met al |l 23l PRaBF &Qﬁéﬁa&@t ﬂr&@étﬂg@&mﬂg BAPLBNRS(nitro RRRPd-RRiHaRRaiST €p 30 12,

a phot oredi St exposure s ot oresi st dev nt s

di el ect ri cygsmBhie¥cepFolipy! ‘“gdhe ‘QE Wﬂgﬂ@tf’éﬁ‘% ‘ ?‘W@fes'éﬁpeg‘gmtﬁéhgﬁgbtefZZ and a
met al depasist éoverisy ejpilR#ke dore. tThe harglvoteoeresilets wpipfficdttsiioa peatergsist?, t he
phot gpesi §tmby, aﬁmowg tﬁ@et&n%@% raaaahlag pﬁcﬂor@éﬁﬂ@ﬂﬁﬁ’it%aﬂﬁned @y@kter | N the

Bgﬂ ?;lelslyshzf g‘@ﬁ%@% @tlmg ﬁ-le photoreSIEt remova?sll'oﬁlowinsg tt?exegcgung stetp(s) r!asluglgt whi ch i's

{photoresist residue mixed with etch residue) coats sidewalls of etch features. Depending on

a type of etching step and material etched, the photoresist residue mixed with the etch residue
presents a challenging removal problem since the photoresist residue mixed with the etch
25 residue often strongly bond to the sidewalils of the etch features.

Typically, in the prior art, the photoresist and the residue are removed by plasma
ashing in an O, plasma followed by cleaning in a wet-clean bath. A semiconductor etching
and metallization process of the prior art is illustrated in block diagram format in FIG. 1. The
semiconductor etching and metallization process 10 includes a photoresist application step

30 12, a photoresist exposure step 14, a photoresist development step 16, a dielectric etch step
18, an ashing step 20, a wet cleaning step 22, and a metal deposition step 24. In the
photoresist application step 12, the photoresist is applied to a wafer having an exposed oxide
layer. In the photoresist exposure step 14, the photoresist is exposed to light which is
partiaily blocked by a mask.

35 Depending upoﬁ whether the photoresist is a positive or negative photoresist, either
exposed photoresist or non-exposed photoresist, respectively, is removed in the photoresist
development step 16 leaving a exposed patiern on the oxide layer. In the dielectric etch step
18, the exposed pattern on the oxide layer is etched in an RIE (reactive ion etch) process
which etches the exposed pattern info the oxide layer, forming an etched pattern, while also
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35 Dependi ng upon whether the photoresist is a positive or 2Ayuili2p84
photoresist, either exposed photoresist or non-exposed photoresist,
respectively, is renoved in the photoresist developnment step 16 | eaving a

exposed pawbersmen the oxide layer. In the dielectric etitashparsrl8, the
exposed pattern on the oxide layer is etched in an RIE (reactive ion etch)

process which efches the expgsed ttern i.ntqQ t.he I.de . orm ng an
et ched palfapéﬁﬁﬁ ,etc&)ﬂg ﬁ'\g ph?@f?“ﬁ% PB£ i ﬁ%}"dﬁﬂd‘{ﬁd’_‘a% %‘%éf%’ Sﬂ%%éﬁlg?)fél}%lm?g
parti al | yetet featimegwhitralysthordening ihetphotpiesist. An Bggens siep2G: BsiQIBESHAI ch coat s

} het r5]| dev‘%&_i&i&s@{xd ﬁdﬂ%&y@%xﬁ@zeﬁ ﬂl@b}tﬂét@&si%ﬁ& thedsidue N BT e wendeaning siep22,0r esi st .

n e aching.s e . ol artially renoves th
phot or esi gna H‘&Psﬁ%“?‘%‘sﬁngﬁ%‘. . ﬁscﬁe%’g%vl\%?éc ,gg%%n%gt gp 22, ?_/emai ni ng ©
phot dr esi st arld theaesiial depopigior ptemed mefs! taper in@PoBicd an Usat e BREe he ot al
~ deposi t i 0Rclfel PRttotttandlsdRbMrink Ayreéiched relgIns it @biseqnertt cwsaihgyat feadtpag t he
O oo et Rl Roafid Al SRRSO £ R8s rne&aa@?fonmc%mequent

at leas art _ of t

pr ocessi ng, le e met [ -et ched . [ [
Fenoved 11 or SFhitaare Anind)-S1 Bl NO- A A41E0 RaoRteditn 1311 (09D, eiepapant No.
4, 944, 837 art hsthué of removing a reSiky usihg9iQuidizetortseparcriticalgas. Arstibstratelvod thef  r enovi ng
a regst He%{sggg%&éa%tg 'ag?egsu% veadhP SFifchi alsb CAMhaiffhe 1iQuidES b Bp&crtchiad he 10

resist is p Into a pressure vesse|, which. al so.contalns e |iquidized
or super c /e LRPdeEBINCATE ap%‘*B’Fé‘&%‘ﬁ’éF‘lﬁ‘rf@Ber?ri‘thl -graéﬁ‘gé‘?lalﬁ'ﬁépaln%i%ui di ged or
supercri t imtich rgaoves e reapi. dl y expanded, which renmpves the resist. N shikawa
et al. teach t{jahixSWPRLE fald B&lsufdFiieATRRaNEE A8 AdAeMpdrager for

photoresist. A.substrate wi,th a photoresist |ayer is ex ed | attern

Dol Cht - PhHEES o AT Pt RERioE e RHE Py et By RO T Prfind

phot 05 esi stlatamiaehe Thextubsitate withge pleotqresist aefl the latens impage irmlaceémla CO, bath for

fﬁ m RUE e%upeId?itﬁcaﬁﬁ!@b{&tEIférIm%inﬁl@ "I}h& sﬁﬂaﬁﬁtimmmg&doamézgeavm thepat t ern of
e photoresis i .shi kawa,.et., al . 5 9% i ght of

methyl | ?8%‘15? §f the R, oﬁ%‘c‘lsm'éﬁfa“éaaeﬁ aggutr@?cfee%fﬁ?%?? %e&éﬂg’gl Etr(?ftﬁl% cal 002, which

i ncreases isshutyblfefase (VilRIRegs botddedie thepesrertical €Q1 WOk BERsHus, reduces a

dtavel Opﬁerrli;?t?étiv?ﬁssfdfﬁﬁe ﬁlb@cxﬁ&a@@zmg,nuﬁse&dms b dedetuphrest tind fodm KeR@ et al .

al so_jeach_tha toresi st can be renoved using the supercritical CO2

and ‘7’5% byml\I}\%FSt,ﬁt%_nglF‘ﬁ?she M BK. The substrate with the, h?lt oresi.st is placed

in the supercPMishikayp et@bplsgirgch that aI\HhBW"F’étrcaﬁ(??ﬂaS“or’f‘Fﬁilﬁ?&t. ¢ 61 Bhdensi ng

t he super ard;tang alv% BOR¢ighttol the PIBKO s iswistrite &/ith éherphpenasiseid plagdl iffhe et hods

taught by %ém%giv@)z%hd e MIBKERE SRBPH Rk Al iBod QhdéhsBE MeCaRMRiRAICO,,
the photoresist has been removed. '
25 The methods taught by Nishikawa et al. are inappropriate for a semiconductor
fabrication line for a number of reasons. Rapidly expanding a liquidized or supercritical gas
to remove a photoresist from a substrate creates a potential for breakage of the substrate. A
photoresist development process which takes 30 minutes is too inefficient. A photoresist
development or removal process which uses MIBK is not preferred because MIBK is toxic
30 and because MIBK is used only when a more suitable choice is unavailable.

Smith, Jr. et al. in U.S. Patent No. 5,377,705, issued on Jan. 3, 1995, teach a system
for cleaning contaminants from a workpiece. The contaminants include organic, particulate,
and ionic contaminants. The system includes a pressurizable cleaning vessel, a liquid CQO,
storage container, a pump, a solvent delivery system, a separator, a condenser, and various

35 valves. The pump transfers CO, gas and soivent to the cleaning vessel and pressurizes the
CO, gas to supercritical CO,. The supercritical CO, and the solvent remove the contaminants
from the workpiece. A valve allows some of the supercritical CO; and the solvent to bleed
from the cleaning vessel while the pump replenishes the supercritical CO, and the solvent.
The separator separates the soivent from the supercritical CO,. The condenser condenses the

40 CO, to liquid CO, so that the liquid CO, storage container can be replenished.
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fabrication line for a nunber of reasons. Rapidly expandi ng®AMild@0di zed or
supercritical gas to renove a photoresist froma substrate creates a
potential for breakage of the substrate. A photoresist devel opment process
whi ch takes 30 minutes is too inefficient. A photoresist devel opnment or
renoval process which uses MBK is not preferred because MBK is toxic 30
and because M BRIWRIQYiRgaeystsa spehasipught by Smitulrt efisl forctsmioviag photerasistand abl e.
Smith, Jr.regduegiesentna bhuftber BAtENRultNG. THe, pdkturizdie clleﬁﬁﬁge'ﬁs@[hslﬁﬂconﬁgurw95

teac h a Sy %l%ﬁ?laii? T%Elﬁ%gﬁdﬁgtﬂp Qlﬁ)tsm H%ﬂkltég f[{igqgl&?ﬁcv\%t kdoblge%%he SURSIH{I%C&I Th

cont ani nan cont an

systemin g‘f"f“ﬁa%qaémél ehiantystomds apt re@ﬂﬂbfl adapteplctpthrogghubge

cont ai ner ,requimpmans oﬁasahmemductdetfawieitm:lsyﬁl Siith ﬁsﬁ&ﬁﬁfs&io@ﬁ;ondﬁcz@@fdj%er and
various 35e%abyfttor Idﬂ,@tr&yﬁm,dh m‘ﬁcﬁ échéPZx i aéen@&dﬁﬁhrf@&cag@ e glyeani ng

vessel and pressurizes supercritica supercrl tical
CO, and tﬁeggg‘f}?\/ge‘me%?fﬂ\‘)%[ f?‘}'?émécﬁﬁ‘i‘ﬂ?ir ﬁ%hﬁ’ir‘g‘eplf’?%ﬁ?& he workpi ece. A val ve
al l ows sone of Wha iswpeiediis &imebodCERdevaldping hstotevientsidgsupkefitical kirdsn t he

cl eani ng \@s&Rlapprife fohssnuemldﬁ&nlfmtcﬁ#q%ﬁmfehe f fgpne{ ﬁ;' g ng'r Cflofl ggld togg

solvent. The r.at or ar at t ol.ve

The condenser %’gﬁ%e‘ﬁélg%de a46‘e 0?6311“‘? B8 8 %ﬁs%to“s!%aiul’?rﬁ’é“‘lal Garbep cop

st or age cdhinxiderappropriate foeasmpttmlducsttbmfebrlcatuﬁﬂmé.prll 2004 Enpl oying a system

such as taUght Wﬂatﬁrﬂebﬁbd iy h sup%PcrlﬁLal _Ff‘dééssfng'g})s‘fén{‘grhﬁﬂ@sl&ﬁﬁélréé fof Rhdlif S due

presents aem”x‘éonfmt qga;;flcu I es. The pressurizable c ning vessel is not

confi gureé appro BH 3? for sem conductor substrate handling. It is

i nef ficient to Yhaséunache is apupereiticalcprocesD@Rsyateth inhwhigosupentiticdlEDngnd

cl eani ng. s8weh age ﬁdt&k&ﬁ%ahgr med fiofad ploYesi@ RhAeL if Srdbio QUARPH Huid flow

requi rerre%&lm% gmgeggﬂi gtor fabrication line. Such a systemis not

conduci ve t0 Saf cénduct or substrate handl i ng, which is crucial in a

semi conduct or Vi Bt Isi Aesupswtival prappssingneystern othichc oweser thwbietipor

sem conduciquireretitsiflaaticpidaces BbAgitioViad. | s needed :js a net hod of ot
vel opi n hot Si.S n UREr I 0%l de a opri.ate for

de prng p #S1s Beéﬁﬁ& ig § Qlﬁ) 1{1%31 @Joce%gég dg}stem W, cf[ijlh (%00 8({;3 P ea%\“ ng

a sem conduct or abri catTon nee 'S a

phot or esi SemigduefosypErate hapdly E’éi carbon dioxide appropriate for a

sem conduct or fVélit iic atdded it ian@pervitive] pocessiagagisten whic pRWVRIEd ktdhamical
processi ngemé{dg&bmbggtelﬁo&gmgl gured for handling sem conductor
substrates. Wiat is needed is a supercritical processing systemin which
supercriti cal Cc2 and soI vent are not necessarily bled froma processing
chanber i BAN Nid flow within the processing chanber.

Vhat is neededrp sneaasﬁéép%{eqmh&ai,mna&%%ﬁbﬁ&ué%%&u%@}cm&a?Bro@&g%hgo%ﬂfspughput

and second workpieces comprising: a transfer module having an entrance; a first supercritical

processing module coupled to the transfer module, the first supercritical processing module
configured to perform supercritical processing on the first workpiece in a first workpiece
cavity having a substantially constant first volume; a second supercritical processing module
coupled to the transfer module, the second supereritical processing module configured to
perform supercritical processing on the second workpiece in a second workpiece cavity
having a substantially constant second volume; a first supercritical condition generator
coupled to the first workpiece cavity, the first supercritical condition generator comprising a
first vessel, a first pump, and a first heater for generating supércritical conditions; a second
supercritical condition generator coupled to the second workpiece cavity, the second
supercritical condition generator comprising a second vessel, a second pump, and a second
heater for generating supercritical conditions; and a transfer mechanism coupled to the
transfer module, the transfer mechanism configured to move the first workpiece between the
entrance and the first supercritical processing module, the transfer mechanism configured to
move the second workpiece between the entrance and the second supercritical processing
module.



requirements of a sem conductor fabrication |ine. Wat is A8ddud 20844
supercritical processing system which provides safe sem conductor
substrate handling. What is needed is a supercritical processing system
whi ch provi des econom cal sem conductor substrate processi ng. SUMVARY OF
THE | NVENTI ON I.n one aspect, the invention provides an appar atus for
supercritical pp Bﬁ‘ggeélaﬁl@fcbfhef‘w@f‘o“ giodidest grethoghf ippesibisal osorsssing firgt  a
transfer rodutend amorkpipcencenirispabs stapsf offt stansferfigg el fisC @brkpiete 66MmSinNg

modul e coypdsde Bpa fedpSret ﬁ’l@(ﬂﬁé ' ARQH) qrntl&:zhijrgchsrsﬁlg n'?OHHl% S@Iéd tﬁ Ao tﬁh&gre ssing

nodul e conf.i gur rtor su ercrltlc

wor kpi ece “?Clqug fr F’?SQEF"?/&?‘R (P48 Woekpises JrofL e rf@“@‘% L?éé’f‘%ﬁi“]sglr I“%Pdlélérfgtaant
first vol wempd angerited psuwpsing mddneadouped beths imgsfernthdul; protsping thet fastt he
transfer rRpiice i bﬁrsﬁ @Sﬁﬁﬁcé&l@ﬁy‘ w&gl £&bsthQ é&!sﬂﬂt AR fmeGR B o ed to

perform supercritical ‘i‘ﬁﬁas‘)? ﬁ% secon“ﬁ\g pi.ece in a second
wor kpi ece SBEUFTEAA HIRGFP ‘30 %Fﬁfslmz%l § SRR (WOAREPISCE B Agseoduvrrkpisesr | r st
super cri t icedly fogingiatsubstentjeliesaattant seeod yblethetin thelrecdnid rssperabickipireessingavi t v,

the first s&dpRY ﬁiﬂsfeh‘ﬁm%'th&ﬂ(@ﬁ\‘v&ﬂ( BeeORNE IR R4 sﬁ‘;fém?ft:'cﬁ'ﬂ?&eﬁm frﬁcfdﬁfe Hensel, a
first pumm and a

heatel er at ercri.tical conditions;
second Etéaf‘“&? iofllﬂbe a“é%h (Iﬂofi\‘ S’n eﬁ%?g?{’{ﬂg %8%?) OBE WoEkRiges gf?dSWkpl ece
cavity, tn@m@m@mcg&wémdﬁl@ tacthe erdwanagi of theriragderanadulsr  conpri si ng a second

Veszelt a SECOGI(Iie Pi+edent fﬁqﬂéhtﬁnsﬁ%ngp afhﬁﬁtﬁﬁ Ju@ércﬂﬁ@ﬁrpﬁ}cbs@ﬁ S&fpﬁl'hgirpllet' Cfllh
condi ti on a irans ni sm co ransfer nodul e e
transfer Bor lﬁ'éeﬁless nnfhc?oa ax§a¥us Iéldtug VvE P&t f%ﬁl} fzrf:ﬂt 8T8 PR ficehe
entrance @Fﬂieﬁsﬁé mqdules, and metoboty irhftaimsfﬂr @t@gbl ingjudes d | eatrancheT her fnss dndr

nmechani smseond isgpércgiticd] GroceBing hitRiles e Bshpwart Rhe eenshetnwanr. trhe ravot isance and
the Secon re¥etSlY Godalel C\Qithup %%Eﬁ&g?%d{ged UII]n %pe?am%n I@i? roLclwtztgfgngfelén Hgtt Ple:: st

aspect, the in entlon pr OVi ercritica

and seconc‘.l”"\‘i&?ﬂ‘i‘éﬁl ok thechiprae sfnige tpaster @B@ﬂ‘bﬁo they ﬁnsﬁ@ﬁmﬁgal tﬂﬁ@e$5ilqgst

wor kpi ece nfodam dhe rehot tlenceanefbrsaa kécand fvaikpised Uten e antfantesSto SHepseaid ti cal
processi ”Quﬂ@%ﬁl:zﬁ F&Eb@in %oﬁ&etﬂﬁ rttﬁeavoa'f( ces HRQ'C-F f?n ptlbgeg&ﬁf t‘ﬁE de@%rehpx% second

wor kpi ece rE!l ent r t ran

supercri t € “Stp? c¥EY] n‘@orﬁﬂﬁ‘iﬁ &o ufiS'Fé‘&fetclg “E‘%Ea‘%sfeén%"fdék ﬁﬂfﬁ‘ﬂ?@elypﬂﬁcesm ng
the first appeoatkpinsbdes additidrial sepevwiticpli proeessiay imbgduleaviongled ts uls tramsféral | y
constant tiousk. volunme in the first supercritical processing nodul e;
processi ng the second workpi ece in a second workpi ece cavity having a
substanti al | constant second volume in the second supercritical processing
nodul e; t Eahst B RIPTIOM OF THE DRAMINGSce fromthe first supercritical

processi ng nod E’i(ﬁ 1tifustrBX@s, in block diagram format, a process flow for a semiconductor etching
and metallization process of the prior art.

FIG. 2 illustrates, in block diagram format, a process flow for a semiconductor etching
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entrance of the transfer nodule; and transferring the secort Apoil Rpdece from
the second supercritical processing nodule to the entrance of the transfer
nodul e. The present invention is an apparatus for supercritical processing
of mul ti plwoownsssisgpi eces. The apparatus includes a transfurrusaculzs, first
and second supercritical processing nodules, and a robot. The transfer
nodul e i nc¢cludes..an e 1 ..and second supercritical processing
nodul es a%f%%%mfagan B‘%ﬁﬁé@?@%%f‘é‘ﬁ%&ﬁ e. The robot is pre{’r rably

| ocat ed wi t hi rFISndillupteaiess Bblgrk diggram fopnabAsprrifical ©Rava BInGEss £ §F\sfers a

first wopkpine@meeniibem t he entrance of the transfer nodule to the first

supercritical JrOgFaRSIENG mm%s%se@g%%%gﬁscgsm@sytsfeﬁrb?f@pses&tsecond

wor kpi ece fromthe entrance to t supercritical ‘processing nodul e.
Af t er? t he IR¥6#19Bi eces have been processed, the robot returns the first and
second wor kpi eFI6s S lmstrives theprefenedsupérctifial procassifigmoduleiof the pradentr nat i vel vy,
the appatatus,,includes additional supercritical processing nodul es coupl ed

to the transfer ul e. BRI EE DESCRI PTI ON .OF THE DRAW N FIG .1
ot ot ae | HIGP OB s e A DR b AT Bt e P B PSR  uct or
etching anentiomtal [ization process of the prior art. FIG 2 illustrates, in

bl oclg di agr am ff, MRfustrRedd REQRSIErhaWe s@ferding PrarentiyGyaem of wbprgnBa 29
April 2004 W01133615 PCT/ US00/ 41787 and netallization process of the

present iA%&M%n. FIG 3 illustrates, in block diagramformat, a
supercritical Fénudustrpeoibiyd alggmative supgicatesh propessian sYSt ofthagrent | | ustrat es
t he prefernfrdusupercritical processing systemof the present 5 invention.

FIG 5 illustr L h e | Lenof the
rosent i nvent i, e Sioikh S pHERRELGTbroB - ARESHA LA | 02
procd8si ngnepierem of the present invention. 10 FIG 7 illustrates a second
alternative supercritical processing systemof the present invention. FIG

8 111 ustr3hes RrhibecabtRINEEYE SURHGE LUBODIIAARSS Ng system of the
present | A semiconductor etch and metallization process of the present invention is illustrated,
as a block diagram, in FIG. 2. The semiconductor etch and metallization process 30 includes

20 a photoresist application step 32, a photoresist exposure step 34, a photoresist development
step 36, a dielectric etch step 38, a supercritical removal process 40, and a metal deposition
step 42. In the photoresist application step 32, the photoresist is applied to a wafer having an
exposed oxide layer. In the photoresist exposure step 34, the photoresist is exposed to light
which is partially blocked by a mask.

25 Depending upon whether the photoresist is a positive or negative photoresist, either
exposed photoresist or non-exposed photoresist, respectively, is removed in the photoresist
development step 36 leaving a exposed pattern on the oxide layer. In the dielectric etch step
38, the exposed pattern on the oxide layer is preferably etched in an RIE (reactive ion etch)
process which etches the exposed pattern into the oxide layer while also partially etching the

30 photoresist. This produces the residue which coats the sidewalls of the etch features while
also hardening the photoresist.

In the supercritical removal process 40, supercritical carbon dioxide and a solvent are
used to remove the photoresist and the residue. In the metal deposition step 42, a metal layer
is deposited on the wafer filling the etched pattern and also covering non-etched regions. In

35 subsequent processing, at least part of the metal covering the non-etched regions is removed
in order to form a circuit.

The supercritical removal process 40 of the present invention is illustrated, as a block
diagram, in FIG. 3. The supercritical removal process 40 begins by placing the wafer, with
the photoresist and the residue on the wafer, within a pressure chamber and sealing the

40 pressure chamber in a first process step 52. In a second process step 54, the pressure chamber
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FIG 9 illustrates a fourth alternative supercritical procé8gimy2804tem of
the present 15 invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT
A sem conductor etch and netallization process of the present invention is
i1l ustrateghor@@sa bl ock diagram in FIG 2. The sem conduosmrsiaych and
metal lizati on process 30 includes 20 a photoresist application step 32, a

phot or esi st exposure step 34, a photoresist. develo nt st
di el ect r iig ptsetizedvath cagpon dioxids antd the qagbgn d‘r"é}‘?ﬁ\g%ﬁo“ﬁ?glgélépsmﬂﬁeal%gamg net al

deposi t i alioxidd(8ECOD. It ntHikierabsisep 66t suaprptitiasbgarkon digxids carpies ¢ spdvent
phot or esi st i | O 1fa HREE broB@Y biBY5 S he sE¥RERRE cabot aiokidy eid the n t he
photoresi@{o t%ipggéég%rdgggbgphgﬁ, t.f%rg h% (E)k?n%ﬂh%t hﬁreﬁ%&%ﬂ&&@résﬂiuh%ht which is
parti al | ysoeRaRegaIptpingd jfoRtact At %‘5 g G Upén° whet her the photoresist is a
posi 5i ve mmoveeigiatri the wafeot lortesfostth pre¢ashiep 58 s seluent ghistshpastylydissplves
nON- eXPOSGL G 8] Bt resldE PR Shotessisteploo/me pdssire °“’“"§ng mgi st

evel opment st ep | eaving a se tarn efhe | N the
di el ect r i EN&SER g’t%ﬁ"tg?{?,ce%ﬁ%p géglges‘%%e dgbﬁ%?'nlng:se%ﬁ@ I%)é? de l:f’a;é@(er.ei s
pr ef er abl supettvatiremeval praResE 40 erdsdy idgrressarring Bp pressypeshaater apt CHOWE hes t he
exposed patiafgp into the oxide layer while also partially etching the 30

phot gr esi st .. nghss‘l ) of #@3@3%%%%5&% mﬁ@%ﬁ%r i nli6n Sidgvalihdorof the

et cht% eat ur es . ning t th. In the supercritical
renoval pfabdesion 1ioe bisthppiefered Supsioriica BOFFSHPBRISER Urite PEEYIWERAT™are  used to
remove t h@hehedinn@sies in EI41 e grefoirellmpertriticahygosreting syslepddiinclusas &t ep 42, a
nmetal |ayer .is de i t iohil drbdefiShot h&iu®k chaerk, pajbbegon and al so
covering ﬁ%‘ﬁfeé{n gﬁggqi’e%ﬁg%g&mﬁr}ﬁfggé&g‘%féﬁﬁﬁt ggt#&%g%séé]ﬁpm‘%%s 640%?5894_ part of
t he metal a@iﬁﬂ@ﬁvlﬁtbectfwcsrﬁ?nféﬁﬁﬁ@&rfr’@é‘ﬂ & frg i'nforder to forma
circyt. Bhensupestdiniddaialentmopyal Thenoodgsnofipleshtrange dQineksdestinstagdnt i on i s
11 uSt 1 &t el Pan o ilns, 9 BAAMnd! DstlahFccdhd chitnce ypied 06 kid Bal r enoval
process egins_by placLng the.wafer, w 0 r e

resi due on t heT\}G‘aﬁrétrﬂ,‘mWa‘t ‘Llﬁéhfuaerﬁ?té@gﬂf’%m 'Fﬁa%dé‘trlg;%é%f?@léﬂt‘ﬂg%o pressure
chamber i mrassférinislule2 otaatbs fist bpuslpfifth progess partsn¥-$ %é@y‘gl’gﬁie@@:‘ﬂﬂ he

pr eﬁs ur eb%hﬁrg@& rsoé&ogﬁemrthéhtr%%ﬂrgmlegﬁ 336 aherRETHe LSAGr4dGBRTE T2S The essijr i zed
wi th _carbaon di oxide until. the car | OXi ererd i ca
Garbah  ditAbSpaRdED o egs 71 7 Sprise Subd RARC RS ﬁéd‘;ﬁﬁﬁé%ﬂf%ﬂ cal
carbon di omi seombentras parts 96 ewshi8, respretival e hsicarted glectpaies 8¢ arecpurlediiy ¢ 1
process stpPiraSter mbuiswpercritical carbon dioxide and the solvent are

g?ient ained in %(r)e%ra?b(i;, tl\{g t%arr]:sttcrh er"IchM‘rfléc ﬁropgﬁ{eg Lt attrngspﬂé}ﬁtﬂ?ésﬁﬁj:.sﬁlt@ﬁﬂiv{al?? resi due
the transfer module 72 operates at a slight positive pressure relative to a surrounding
25 environment where the stight positive pressure is produced by an inert gas injection
arrangement, The inert gas injection arrangement injects an inert gas, such as Ar, CO,, or N,
into the transfer module 72. This assures a cleaner processing environment within the
transfer module 72.
The robot 80 preferably includes a robot base 100, a robot arm 102, and an end
30 effector 104. The robot base is coupled to the transfer module 72. The robot arm 102 is
preferably a two piece robot arm, which couples the end effector 104 to the robot base 100.
The end effector 104 is configured to pick and place workpieces. Preferably, the end effector
104 is configured to pick and place the wafer. Alternatively, the end effector 104 is
configured to pick and place a puck or other substrate. Alternatively, a dual arm robot
35 replaces the robot 80, where the dual arm robot includes two arms and two end effectors.
The first through fifth supercritical processing modules, 74-78, preferably include first
through fifth gate valves, 106-110, respectively. The first through fifth gate valves, 106-110,
couple first through fifth workpiece cavities, 112-116, of the first through fifth supercritical
processing modules, 74-78, respectively, to the first through fifth process ports, 84-88.
40 Preferably, in operation, the robot 80 transfers a first workpiece 118 from the first
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5 removed fromthe wafer. In the fourth process step 58, tRdAWilERE at

| east partially dissolves the photoresist and the residue. In a fifth
process step 60, the pressure chanber is partially exhausted. In a sixth
process stwpofBpist he wafer is rinsed. In a seventh processnsiearssd, the
supercritical renoval process 40 ends by depressurizing the pressure

chamer  ahfal HIbRG, ¢ ttH@ﬁx‘e?Jusémnt{lch FoQsHHPRERA 14 Gabre RN iREIOCESS 40 15
preferably I'nple

con 1 on
preferr edf@?ﬁ@rpéqcﬁsl"'@é% p P%"@s ?P é)f g‘?ﬁr@?m?hg"ﬂbs&&%ﬁetcmfcﬁ?}oern?lgcg whi ch
i's i|lust ezt fdn the fif Ganddoff SEkten|92 ¢ ﬂ;p mdndsalllp@pmmat proegssing wedds T hyheyst em 70
i ncludes g, m;!gﬁ{ﬂﬁtﬁ"rm 7§ir8cezs?40 it pérfkméd rf%ﬁé} fuk idbht SPLE RS thikd al

2 Th
proc eSSI n glﬁ Sopkbifes (P?t?SQ‘E‘%E ‘8?1 ﬁfsﬁ'@ﬁ o?tns aél(e)g gf oetﬁ% &%@%3 end .

t r anst
t ransf er fifihl siperceitital arocessig modies, ff@—a&g«pseecnmiﬁmi@r@thp ﬁla’ﬁ@é“%f%%’? udes first
and secoggc&@agltsq,fe;foﬂeatlons 92 and 94, and first and second entrance

ports, 96 and %g&feg].gn&clwrgrsa 1;[)1}5 u&)tSE) %*Fersstygﬁ{sp\;vbﬁ(hﬁ@é fr&ﬁ%qﬁsctl ng nodul es,

74-78, are cou Tirs é.bghflfth
process peupesritigd pRBessing sodele W@ltbe Sep?félf@(hﬁffy?ta“m’t% FPHB‘E& 8PP % oupl ed to
the 44 ansftﬁﬁsfé%mgk@m?@w&kpﬁcmeﬁsa:imd fipercridaabprecessimgimbénld 25 toThee 20 first

\a/' Ing ts ﬁgO][l d? 2){1(9 E%ﬁ St slat S%El&l%ltl 39 Iéltbreggereméjrog& SOe%gsf&Qgﬁltﬁgi thJukifeg r ansfer nodul e

d efﬁpzct I vel. %/ The
control elv@cltn“@nﬂ%@ngyt*ﬂﬁéhl@éébﬁ%suﬁfcmf%bp@?eéﬂ%& rapdulssy (fi- 5 5Pechyedyer apl v,
t he transfi@mesndhd RinddfpdioAbes at at nospheric pressure. Alternatively,

the transter mRiulfiy ShedRG iRt |8 ublsbai wBRP 10, % (B BFANGuhTIL | ve 1o a

surroundi ng 25" envi rénnen ive pr oduced
by an3i nertorkpieees #p #atror “’f%{f“‘?l&ﬁtjfe‘ﬁ‘bfﬁ‘ﬁ areg“i‘u%ﬁ%ﬁ%aﬁett&ﬁtstg? ﬁisg §8nlsar r angenent
i nj ects antdioes? pimse suparctitiabpdeessiGOPrefonbiXzhe wafstsara pleced batstretot Bbdul e 72.
This assur Eﬁ sét 18& &@&ﬁé aﬂﬁ@&@&ﬁ'h@ﬁh @f'?&ht'idﬁ@l&@llm%hg Ak Bupleht€iticdl prbsbiag. nodul e
72. The ro re e#a %I ncl ugest a.ro ¢ atstge flrstch ﬁoh@aﬁ&n m 102, and
an end 30“‘@1"?388?1 rtheppiafers ppgin g hthe first %assebef)l PRe P FaRSfer modul e
72. The r olotg vailne 8:2nd sroupefofasers bigjnsand msmt@wce@ﬂf@ﬁsemﬁt hesr¥ coupl es
the epd ey{aﬁggg{staggﬂg,;o t he robot base 100. The end effector 104 is

o oo Dl R Rl At SR SGER 1 B G BLARL Yool VBnB B SBLGESS 0 | 104

is configured Y, e end effector
104 is coshibg ah!ematsd)oqdh@I@d@h@i‘abhﬂaé@fféfaﬁawaﬁlae Hidgdio tgwgieffsﬂ e.

Al ternat i VeltrcrifcafptadesdfidByseRa. Blrtes ) will®s rdatiity apphxent t80ne skilled én thhert dual

b d
et W RSN R s iuons

er a if‘ ﬁ ﬁlh t hr ough
fifth25gat ethycuigly &80 S%@@@PW@%‘E&%E‘PW@P SFHémPiet RS “?‘i gate
val ves, 10QmddAtical srothabify mbdulds, YAhT&)Ll*gbreciuef fithwilibe keqailigcappemut to pesskilled 2- 116,

of the fir Stthé pr{ t%&qge rfobc];ttSB cﬁym&ﬁlﬁdeh 'b?@ltransfer mechanism which is configured to
transfer the first workpiece 118, the second workpiece 120, and the third through fifth
workpicces. Additionally, it will be readily apparent to one skilled in the art that the first and
30 second cassettes can be front opening unified pods which employ a standard mechanical
interface concept so that the wafers can be maintained in a clean environment separate from
the surrounding envirenment.
The first supercritical processing module 74 of the present invention is illustrated in
FIG. 5. The first supercritical processing module 74 includes a carbon dioxide supply vessel
35 132, a carbon dioxide pump 134, the pressure chamber 136, a chemical supply vessel 138, a
circulation pump 140, and an exhaust gas collection vessel 144. The carbon dioxide supply
vesse! 132 is coupled to the pressure chamber 136 via the carbon dioxide pump 134 and
carbon dioxide piping 146. The carbon dioxide piping 146 includes a carbon dioxide heater
148 located between the carbon dioxide pumnp 134 and the pressure chamber 136. The
40 pressure chamber 136 includes a pressure chamber heater 150. The circulation pump 140 is
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processing nodul es, 74-78, respectively, to the first throdgWpil20%¢ process
ports, 84-88. 40 Preferably, in operation, the robot 80 transfers a first
\Amrlépl fe]E:es'&1(18_fror9nzt he fihrs]'E_-S 29 April 2004 WO 01133615 PCT/ US00/ 41787
and- o 8bi/Res92 to the first supercritical processing 74, where
tsge supe][crltlca1 renoval process 40 is performned. Subg%(':]rtyjﬂéﬁ**g? t he robot
transfers a second workpiece. 120 fromthe first hand-off, station 92 to
the seconfcaiedravasgircpiaion lingd a2 sdishrupiaifg the pressurgphamber |30t & GWalion ¢ ¢ 5|
r enoval p{n{&@ﬂﬁané@t@ﬁrcmariémumdlsem‘he btiemica hqaplyp.bsﬁelmids capkiertbethird 5
through f&i% rti&@ﬁﬁ%"l‘fslﬁ]‘&ﬁia BRI SHM lind 18R irkiutisd a Aranidieaidh i th@n 92 to
¢

the third throu ercritical processin dules, 7
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second super cr 15BN %‘PB’ %%‘?Pﬁd’e?ﬁgg ?e 750G PR, hae{lnglzeo station
94. MNor eodiexide hénter l éhiorm 8 Garbpmdistide supplycrrapgement 1P o hhpclemicehsupplyr kpi eces
1; (ra g Ln t thfvglg!;'sél(ifi%hﬁe?%hnjfeétﬁh Igulﬁb' m?, @iﬁcﬂﬂsfé’éten{ﬁupﬂ?SSdsﬂg6ﬂ;Qdﬂl tesecod- 78,
Y. 0 eco rand-.0 S e.first

wor kg(?ece “ié{cg?n_[’lﬁ_]ép Ebg’ctsS 2 F‘éﬁﬂpwd—fns%?ﬁ?‘gﬁﬁlgay %ﬁ%&gﬁgxﬁtgﬁg%rﬁeﬁoﬁ th[iS
wor kpi ecesarhoredigwifesupply Prateemen (199, therbemicrkand rigpeages SEPRY AETSEAYE et t e at
tP h ef fir E It 1bﬁ,traﬁd ok E}Fhaﬁétgﬁd dolle@idn Péss€lN 44 Seraibgp@e cocbid thaduglip fifil ameicrigeal :

refera e waf.er oo 2 ssette at
t he seconﬁmﬁ:gsﬁﬁ-gg]fofi %gis’ g?ﬁ%n@g?;%f gﬁ "Ip%{/\nf}sﬁlge érgﬁgéﬁ‘%g}cglré?%%SS%ﬁ%é@éi ng.
Al 't er nat i Vepter wads, prgfeeably, fedist sunserrisipi Pragessing r‘WP@t“é‘é’i@&i &.CaPON, e £ j 1 st
handief f slicidegippdParranpeiegt 1Y, the censied amtlrige aggnt ofpplyairengmegithsndnd ends
N the seqpiglGASBELARAAR eI PRGARY iAo nBisabd dictbrodeingl || e

readi |y apparent .in the art that e _second hand-of f station
94 can bé“‘é‘ﬂ%ﬁe?tgeﬂ‘a’@r‘he[%?f’ng@d{&ﬁF‘(‘Pr?&l APt w)s'thﬁf’ﬁ%?fgal@‘é‘ﬂmﬁg added to
t he pref eraged suppiyperogdrencls, puidicesbiusygas peltegtior@sseFLdd dfdhe firtt wi | | be

readi |y appal&ifealo@Rifhgtidduledd in the art that the preferred
supercritical pra '

717025 ¢ b oudHMIDF FROLUBERERR PR BLEES My s qurie o5R kel 12
than the fdigxde supply empmgémdnts, onesarpeore additjopall cherniselesd ring agei s¥rey, 74- 78.
?/8[33 ?V g (r) ) Cd;ltr&]m ] cbteshf? oﬁgg:dhéry adt{imﬂx&ﬁ}%hadspgﬁ BElieBkod Yeddls calbd frevidédtot hat t he
o0t calet R DR AL RGIPIAOh Pl yied 1o
t hrough fi feadily apparent to one skilled in the art that the first supercritical processing module 74
25 includes valving, control electronics, filters, and utility hookups which are typical of
supercritical fluid processing systems. Moreover, it will be readily apparent to one skilled in
the art that additional chemical supply vessels could be coupled to the first injection pump

159 or that the additional chemical supply vessels and additional injection pumps could be

coupled to the circulation line 152.

30 Referring to FIGS. 3, 4, and 5, implementation of the supercritical removal method 40
begins with the first process step 52, in which the wafer, having the photoresist or the residue
(or both the photoresist and the residue) is inserted through the first process port and placed in
the first wafer cavity 112 of the pressure chamber 136 by the robot 80 and, then, the pressure
chamber 136 is sealed by closing the gate vaive 106. In the second process step 54, the

35 pressure chamber 136 is pressurized by the carbon dioxide pump 134 with the carbon dioxide
from the carbon dioxide supply vessel 132. During the second step 54, the carbon dioxide is
heated by the carbon dioxide heater 148 while the pressure chamber 136 is heated by the
pressure chamber heater 150 to ensure that a temperature of the carbon dioxide in the pressure
chamber 136 is above a critical temperature. The critical temperature for the carbon dioxide

40 is 31 °C. Preferably, the temperature of the carbon dioxide in the pressure chamber 136 is
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wor kpi eces. Additionally, it will be readily apparent to o€ AREIZPRY in the
art that the first and 30 second cassettes can be front opening unified
pods which enploy a standard nechanical interface concept so that the
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carifgon ﬂie@ﬁpéimthﬁh&ﬁbon]di&uﬂ@mﬁﬂ the e6lvaEENa ﬂuﬁ&ltﬁi\t?elﬁmmﬂsyelﬁwﬁﬂﬂﬁﬁe nt 149.

The chem ¢ e first injection punp 159, the rinse
agent suBlb%VeWgtp%g){hefgﬁl He #%%ﬁewgtggond 10 injection punp 163 forma

cheni cal and Plieﬁiﬁblﬁg@mwa@uw&eyi giatoaaydndhet preware chawber I39Idpring Hie fowdlt bon
di oxi de fé@égslét rS%a@g@ﬁfamrel}“tﬁe iCPAAWGRIn RB Prdsbu?s BhaASIRAY 36 B gthe

arr angengnt he exhaust gas col | ection vessel 144 service the
second tﬁ%’%@’ﬁoqﬂﬁ%‘ﬁ’ percritical processing nodules, 75-78, (FIG 3) as
wel2d as the fﬂﬁsxtthsphﬂowsﬁstdxﬁahe mshiuehﬁbegnmmﬂeémmelwafm theprasenrels,

preferab ?36 s gﬁﬁlaﬁgagérr@{ashﬁkﬁg é?:th%ﬁﬁg he CHPﬁlel ef it J@Péak%s the

car bon 1 IOXI hem ¢ rinse agent

suppl y afiozidg é#éﬁ@lvgxﬁsremaﬁ@rl phoferedsinandgemgsed @aﬂu"*etﬂth%ﬁxhi@%tsﬁ'éﬁ callegtighhi | e
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(ne car bof ey SHRRL L o pARaEreDL A% e EhoR Sl Bt pireg oot
finr2st pressure chamber 136 is cycled at least once at this point by raising the pressure and then
again partially exhausting the pressure chamber 136. This enhances a cleanliness within the
pressure chamber 136. In the fifth process step 60, the pressure chamber is preferably
maintained above the critical temperature and above a critical pressure. The critical pressure
for carbon dioxide is 1,070 psi (7.38 MPa).

30 In the sixth process step 62, the second injection pump 163 pumps a rinse agent from
the rinse agent supply vessel 160 into the pressure chamber.136 via the circulation line while
the carbon dioxide pump 134 pressurizes the pressure chamber 136 to near the desired
supercritical conditions and, then, the circulation pump 140 circulates the supercritical carbon
dioxide and the rinse agent in order to rinse the wafer. Preferably, the rinse agent is selected

35 from the group consisting of water, alcohol, acetone, and a mixture thereof. More preferably,
the rinse agent is the mixture of the alcohol and the water. Preferably, the alcohol is selected
from the group consisting of isopropyl alcohol, ethanol, and other low molecular weight
alcohols. More preferably, the alcohol is selected from the group consisting of the isopropyl
alcohol and the ethanol. Most preferably, the alcohol is the ethanol.

40 Preferably, the wafer is held stationary in the pressure chamber 136 during the sixth
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supercritical processing nodule 74. 20 It will be readily gﬁpbéﬁr@@po‘to one
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appar ent 1(5(915%?911dﬁk tﬁg“} Ror id RfoPEd ﬁ'&lﬂ"%ltte Q;'ufe' éﬂ%belcﬁ%r’ﬂyqﬁiro%ﬁpgﬂ y vessels
could be cou t £

rst 1nject e additional
cheni cal suppAyemé@wu@e@ﬁHC%wwabn@PeSﬁtﬁ @éltq RIpseplmpention aritapght ip Bispl ed to

t Pet ﬁ' I C IR pdtdn iﬁo&ﬁ@ent@ﬁil Bﬁfvﬁfoﬁlaﬁﬁn&&pdﬁh@@m ﬁt,eir‘b%ltl@t}ﬁbﬁsefdréﬁmbe ERIt at i on
o e sypercritica 0 i n cess step

' R Annttogon O BRE O ol @ B B UBIRRO RS ho: h < e
phot or esNev. 512009, tvdmtewasjmé))lshcd as gl 8361 hoo gy 1002001);r$.6. Pateess port and
pl aged | Rgﬁg&%ﬁ NoSho/084,951 ERloh a5y, Pod (Bidh 188 MGl £NABDAterk 3R Y L he

robot 80 ressure

t.h t
val ve 106309564 H’éoé?ké’é 0p ) sue 85 dirgpsignal Pflﬁ‘étéé’ ’psﬁ’gg‘é‘gﬂf’eg @%@@n% 6e| ga ©

pressuri 61@1514&1?)27'[ t\@)ﬁaﬂmrprdweéfsllﬂﬁ’rﬂwmﬁtﬂﬁ@amtNot&]ﬁeo&;wctt)on dioxide from
t he carbon di 54 the carbon

d
di oxide is gﬁr tﬁalt%ﬁlﬁﬁ%Sl}?ﬁ’l:cﬁlﬁﬁalé’lr%cffsffég Srzféatne?%l Igg%c}gtn% & 1E‘)r essure
chanber {IBGtrited InBlGed. he fikst altpnativssnperotitinabenocessing eystens 079 addsdysir e t hat a

t enger at Hﬁ&l fﬁftrt%t&ata%ﬁdtmdww@ ah@ﬁtétanmmﬂﬁte-amﬁto%%w@mpove a
critical erature ritical tenperature for Pgéscroo%bg oxide 40 is

31 C. Pr E’f*@? BrsfgrredisHRerpRt P’é’f’fﬁs@géwtt’:ﬂ d0c Lt opsratigno Bdeyre
chanber d@mbess, 17297 helatcdOdid abdut Rintospherngessak t¢ Sorfie tlovatéd fiessure. This

Al 't tiye

o harenr)(ra]? élg gJ/s).I/t%le ﬁapsff ttb'gﬁ%eﬁdﬁ{ H/%l%l’ inlltlggg%ﬁaféo ?31?193'1:995 E%@v&bﬂ"thte Qgevaﬁﬁ%geg%g

r eachi ngaihiuppisritieal pesseyre epd élllust:mft% soughpt. #ltespatively dadhefrshunp 159
pumps t h@lterbivé eliperéAtval lsﬂaeesﬁlhg B¥teth 130) oy Frstissigh ikBGntodHanibeerobbRSSUr e

chanber cifc ar bon d| de punp
Further proth Aremiasadonth Bist Bipugd gt S i bR O Bl B obess
st ep 56. thivugh fifdghydnduhigalhf drives odecbatismis peftst tinqughHdihpmesmatialiyrrivere
pressur e .ghamhgr 136 is about 1,100-1,200 psi (7.58-8.27 MPa). Once a
desired anount of the solvent has been punped into the pressure chanber
136 and desi r 8deamdaliemptiyeaiPereaHeRl Prasae g ystemed dhrayges phaveiBeR i oxi de

pums 134peba mvehiessid ilhistragd iBIR r7e q:he rsa:oﬁb an&aitivb30pertitcal prosbssikg
I nj ecti of} %m%ﬂl r%glagés(%ﬁe ﬁl%?ggt)d 5¢€ on a2 ff/ s%a%tons rbtzoanhf;t& o e gl%rfgne%hanber 136,

and the °
supercritical processing system 70 with first and second loadlocks, 192 and 194. In

operation, the transfer module operates at a second elevated pressure and, thus, also enhances
the throughput.

30 A third alternative supercritical processing system of the present invention of the
present invention is illustrated in FIG. 8. The third alternative supercritical processing system
200 comprises an alternative transfer module 202 and a robot track 204.

A fourth alternative supercritical processing system of the present invention is

illustrated in FIG. 9. The fourth alternative supercritical processing system 210 preferably

35 replaces the third supercritical processing module 76 of the preferred supercritical processing
system 70 with a third hand-off station 212 and adds a second transfer module 214, a second
robot 216, and additional supercritical processing modules 213. In the fourth alternative
supercritical processing system 210, the third hand-off station 212 couples the transfer
module 72 to the second transfer module 214. The second robot 216 preferably resides in the

40 second transfer module 214. The additional supercritical processing modules 218 are coupled
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circulation punp 140 begins circulating the supercritical eadwi2804xi de
and the solvent in the fourth process step 58. Preferably, the pressure at
this poi nt is about 2,700-2,800 psi (18.62- 19.31 I\/Pa) By circulating the

supercri car on di ox nd..t he. sol v the su ritical . carbon
P L R RSO B P S e Mt SHRBE L e ie by
ci r cul at systpm 280 $lhevssfopmocrsupercaticat ardsessinginoodudis tlamx:the pefermld\sepﬁrc;nta:af | uid
fl ow enh lnq0f the photoresist and the residue fromthe wafer.
Prefer ab?fb%g?%hr{ées&g?ﬁm Is held stationary in the ﬁﬁessure chanmber 136 during
the fourt h pAdEEsaliesadiye seperajticalmacssiag systerhel taaprssent inveptien sliminites t he
pre$SuretKéJ'tf9dﬁbi%fm3;§@edefﬂﬂ p&érenedwéﬂcﬂumgﬁe@@u@@aeé&o Zﬂtr{éfﬁfﬁr the

phot or esi at he resjdue vegq] the waf er ressure
P hanber - Hm A SR PP o8 ST ohe By Lk GOt oL e v hgedes
super cr i beteabn tharfivsirand décoxd Hand-¢ffietatadsy 2hand 940 and the fipétobrongisfifh, and

d i On.- I ' .
return cﬁlﬁ%ﬁ#%%ﬁ?%@ﬁr@r@?@%ﬁ?%eﬁ% B ind B cofhhe diel fticke
super cri PY &1 tragsfsemef¥ad2in the fifth process step 60. Pref erably, t he

pregsure wit hmsntthalt&ﬁatwe%agét&m&h@%‘ee@m@%ﬁstérﬁ o@tﬂélp%ée@ttmr@mﬁ a@iGe at this
agai n par xhayst.i ng .t he

oint by.ra ess re.and then ti

Dot ur LR ey e P ARe L P Sake b 1n, B ARt HleBRals o

chanber &8Grcritinalipreccksing Wsmnnd:lmﬁrsmmﬁmﬁac 118; mepsreecmluvc&kpzhﬁrrtﬂé)r andsthe o

pref er ablipg (R ARG 139&\5%*{5“&@&5&&%% tgggﬁag a critical
ressure o) |

pressure The c tical r car OX|§e 'S 7 38
MPa) . 30tpRsierFRd ‘fg ffb&ﬁ%c addread-eftstation §4. Asfme lgﬁt?é%}l st#joBe B9 W@ﬁﬂ%o b8 punps
ah rﬂggs e agepiccks @fures het t‘heliﬁleto@@ﬁn tmdsme ﬁésiﬂu\é@r&ﬁ@lbeeﬂl Eﬁnbﬂaﬂcﬁdnlﬂ fhePr €ss u r e
chamber atian,. | e the carbon e

pressur i %V gcp}lff'?gs rg%‘/gaﬂf %lﬁter%ﬁ?’&?& 01’1%%1({‘1 PSRy L RN P REC (%% 8?‘5}%’ rcal
condi tions and, seyqn@lnaltmmlvg sepspdriicaloprognssipg systene of the presen lmmtl@:uquhiﬁ aritical

carbon ﬁbﬁtxénﬁ%ﬁd”t% Eﬂé%réfbﬁé@suﬁ%ﬁhcdlgr&&%ﬁ{fg séfé’teﬁl' 705 &n tHRS WS Slternative
Pr eferabl the rinse agent is select r group consi Stl ng of
wat er, SFroitical proqesying sysiean. therfontgp rqbﬁéreélérs O‘Nﬁ%oﬁﬂléﬁ’é‘?%PP €t he rinse

agewt | straﬂséerrmmmwr?ﬂ anfdthérﬁrsahm%odmdamdsetthearwmoefed alRag fefadat Yirst i@ al cohol
S se! e knd ROt s g0 - R Bl 1oBPS rfﬁy%p.g@eé%?ﬁo NRlipe 2N

ot her ecul

sel ect edWpfesrArem @E’gﬁréwss:e&ﬁ & ﬁlp ifing h@nd-pﬁétarhgn 92 @p@ds a s@l Rr@ﬁq@blymdﬁg!rred
et hanol . toVasie thE Kafiahb thd 8ol KRBT dtftidn VR Bihaeebnd A%eReef erably, the

hor 1 2004 pr 8 Lo BiAE sigefeal R iy e BT ES pictent Bl AOhe  he
pr @§sur ewefeannbientatik@Gnebhenismg to the prefencedsupencitiss psdoepsif?system 70. The wafer
orientation mechanism orients the wafer according to a flat, a notch, or an other orientation
indicator. Preferably, the wafer is oriented at the first hand-off station 92. Alternatively, the
wafer is oriented at the second hand-off station 94.

- A first alternative supercritical processing module of the present invention replaces
30 the pressure chamber 136 and gate valve 106 with an alternative pressure chamber. The
alternative pressure chamber comprises a chamber hoﬁsing and a hydraulicly driven wafer
platen. The chamber housing comprises a cylindrical cavity which is open at its bottom. The
hydraulicly driven wafer platen is configured to seal against the chamber housing outside of
the cylindrical cavity. In operation, the wafer is placed on the hydraulicly driven wafer
35 platen. Then, the hydraulicly driven wafer platen moves upward and seals with the chamber
housing. Once the wafer has been processed. the hydraulicly driven wafer platen is lowered
and the wafer is taken away. .
A second alternative supercritical processing module of the present invention places
alternative inlets for the circulation line 152 to enter the wafer cavity 112 at a circumference
40  of the wafer cavity 112 and places an alternative outlet at a top center of the wafer cavity 112.
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In the seventh process step 64, the pressure chanber 136 igngﬁpgggﬁrized,
by exhausting the pressure chanber 136 to the exhaust gas collection
vessel 144, the gate valve 5 106 is opened, and the wafer is renoved from
t he pressure,chanber, 136 by.the robot . Alternative.s rcritical renova
br ocessed e i pan g e e mE(GHAEy (o REapsniinl B AT {ARE oibjapBinh
docunent planati¢finefl bytthatwatar eavitmd 62 .pBreftrady,ithe dlteeative ntlets eteyanpledvather ence:

Uus. P i;cat | , f i \ | il ed

T Usoor it §PORUAR e M PasiRlier £12 od bl Bl meRernfiiANeRBR Y 0, 2
10, 20013terpative opgetayeate ovory wishin therivaler cagdy dEb, 391 filed on May 27, 1998
(whisch has i srwal baseddilPapiiadiid ofdskilled i 2, BHat O hriowdInodfifatlons and U. S.

Provi si opal , Pat en li.catio . 601047, 739,. fi.led, on My, 27, 1997

Qi o pPay Pagietslq BB Brorifs Hhodinel Mot dPinne o SPpiq 6pe or1RS

al t er nat inventgppsrdefined yathe pprendsdélaignssyst em of the present invention is
illustrated in FIG 6. The first alternative supercritical processing
system 170 adds first 15 through fifth ante-chanbers, 172-176, and first
through fifth ante-chanber robots, 178-182, to the preferred supercritical
processing system 70. In operation, the first through fifth ante- chanbers,
172-176, operate from about atnospheric pressure to sone el evated pressure.
This allows the first through fifth wafer cavities, 112-16, to operate

bet ween the el evated pressure and supercritical pressure and, thus,
enhanci ng throughput. Alternatively, in the first 20 alternative
supercritical processing system 170, the first through fifth ante-chanber
robots, 178-182, are replaced with first through fifth magnetically
coupl ed nechanisnms, or first through fifth hydraulically driven

mechani snms, or first through fifth pneumatically driven nechanisnms. A
second alternative supercritical processing systemof the present invention
of the 25 present invention is illustrated in FIG 7. The second
alternative supercritical processing system 190 replaces the first and
second hand-of f stations, 92 and 94, of the preferred supercritical
processing system 70 with first and second | oadl ocks, 192 and 194. In
operation, the transfer nodul e operates at a second el evated pressure and,
t hus, al so enhances the throughput. 30 Athird alternative supercritical
processi ng system of the present invention of the present invention is
illustrated in FIG 8. The third alternative supercritical processing
system 200 conprises an alternative transfer nodule 202 and a robot track
204. A fourth alternative supercritical processing systemof the present
invention is illustrated in FIG 9. The fourth. alternative supercritical
processi ng system 210 preferably 35 replaces the third supercritical
processi ng nodul e 76 of the preferred supercritical processing system 70
with a third hand-of f station 212 and adds a second transfer nodule 214, a
second
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robot 216, and additional supercritical processing nodules_ 218, |In the
fourth alternative supercritical processing system 210, i%épfli]izq]% hand- of f
station 212 couples the transfer nodule 72 to the second transfer nodul e
214. The second robot 216 preferably resides in the 40 second transfer
nodul e 214. The additional supercritical processing nodules 218 are coupled
-9 29 April 2004 to the second trangfgmerodul e 214. Thus, the fourth
alternative supercritical processing system 210 allows for nore
supercritical processing nodules than the preferred supercritical
processing system 74 appabdndst for dhbepdritiodll prEceSIMRE BL Filst Iafdlseddh® GRSTIGIdEs SYsSt em
of the present invention elimnates 5 the transfer nodule 72 of the
preferred supd®®PrtPEal processing system70. In the fifth alternative

supercritical grocessing isstefdduldRvingaRentBlcd, S configured to nove
wor kpi eces between the fiyst and. second hand-off stations, 92 and 94, and

the first thrdugh fifth 2 dEgepperritical prospssigsurile rotRipddo they tragsteryi ¢ hout

benefitting from a gaie) ithg fiek fsapdrerPic@v prdedsindynddbe donBpsteko Fedsthe 72. 10
. A sixth alternative supercritical progcessing, system of the present
i nvention adds an S'REHECe] HAcestng PR he; st Warkpiees y ¢ &Et YBKRIGR | Y Bl

processi ng system AQvink B sil3@ntdlyobnstht SsN@lineg supercritical processing
system the first workpiece 1 econd, wor k e 0O, and the third

8, the iec
t hrough fifth Sworkpi eces® é@%“‘%?‘ﬁ’ﬁ?f‘@?q?é’do‘:teﬁ“{gh’@o s setsdoly Ge da¥H prior to

being transferred halule) theSREMAGupairdicall frosdsditd MOdi¢ corfigufedao ipBFRACT | ON
station, an inspection of the 15 wor(l;ﬁ% eces, ensures .that the photoresi st

and the residue havuPBeEital BRessERe PR Al 9rand WREPISSE &t dsseepdoyaikaises, ¢ he

i nspection station d46igshasPeakieandly cbistinhspamlvoluif; Wor kpi eces. A seventh
alternative supercritical_process] ag system of the gr estﬁn} i nvention adds a
front-end robdt to the priferPEdisyrardiion seagpopryried & hglisyworkper0. In the

sevent h al t er nati veavisy el firkt sup&aitichll QBEiE6A Pehefyos omprisidpen firsOissegnd 1 obot
resi des outside of the entrgn:‘fe ho the 20 transfer,,m?dul e. 72 and the first
Aty iWpa

and second casset t d¥SIRPEP) B OrfEERFTatIng SuRerqritigal gopditiod% cond hand- of f

stations, 92 and 94. The fdcomt sEBetrifiedd QondifionD p&eticrdoMplednd itigusRehd 0 nove
the wafers fromthe fi.rst cas ett%n%o the first_ hand-off station 92 and is

al so preferably confqQRIFEF>V Pot [SEPSHAIIEs! CORGITN FNEFaOE CURRYISHEIY - of f
station 94 to the seemidvesssat t@ond\pudpghhdl &alskembahdawe for Pehektidd cal
processing systemof the. present invention adds a 25 wafer orientation
mechani smto the prsg?eé?rftﬁglcé’ BS54 cal processing system 70. The waf er
ori entation nechani sm ord emisfr intehankinesoupled o dien@arisfer anckihlat the arangftich, or an
other orientation indicator, Prﬁferable}! t he p/af IS oriented at, the

t ,ﬁ’is"h‘éor

first hand-of f statTRRE coRfigired i POy R’k&‘f%é)ﬁwfegnﬂ?ieé‘mnéﬁa%@t t he

second hand- of f st ahd 013t Qepercritical processing module, the transfer mechanism configured
to move the second workpiece between the entrance and the second supercritical

processing module.

2. 'The apparatus of claim 1 wherein the transfer module is configured to operate

at about atmospheric pressure.
3. The apparatus of claim 1 wherein the transfer module further comprises means
for maintaining a slight positive pressure in the transfer module relative to a

surrounding environment.

4. The apparatus of claim 3 wherein the means for maintaining the slight

positive pressure in the transfer module comprise an inert gas injection arrangement.

12



A first alternative supercritical processing nodul e of ths preﬁiq%;
i nvention replaces 30 the pressure chanber 136 and gate 3 B¢ wi th an
alternative pressure chanber. The alternative pressure chanber conprises a
chanber housing and a hydraulicly driven wafer platen. The chanber housing
conprises a cylindrical cavity which is open at its bottom The

hydraul i csy driven 1l gpafahdt @cihita 2OWRdr@H RS ehPanse ¥r AYaRFdr b&i¢hanmber
housi ng outside of, the c%%indrical cavity. In operation, the wafer is

pl aced on t he IRRPFisEIRbardofstalintn waf er 35 platen. Then, the hydraulicly
driven wafer platen noves upward and seals with the chanber housing. Once
the wafer_ has been processed. the hydraulicly driven wafer platen is

| owered &nd the wai$rappaatpspfalping pherein the cpincs Pt tBe Hansfey emodpls &prther ¢ i cal
processi ng nodisprieds ah RAIiRInRISRAR-offBMEsH. 1 On places alternative inlets for
the circulation Iine 152 to enter the wafer cavity 112 at a circunference
40 of the wafer cavity 112 and places an alternative outlet at a top center

of the wafer cavit yThehgparatddof2Rin\p fhered 8 trandRr MbiBE RALANRrd b Efefatdll €
preferably configured to inject the supercritical carbon dioxide in a

pl ane defined By PREURACRYS HROIRGric prossups; andofuriirywhergin, the) gniranest Ve i n et s
are angl ed W tdansfeeapRld colrprigesadshidlésk of the wafer cavity 112 so that in
operation the alternative inlets and the alternative outlet create a
vortex within the wafer cavity 112. 5 1t will be readily apparent to one
skilled ig the art THahpRithess tamiToOMerdi® ticlchSaicé 6Mte triMYer R dNBEGHe t he
preferred enbodi nent mﬁ(?out de aEting fromthe spirit and scope of the

i nvention as d&MPHES B tﬁﬁaﬁﬁﬁgﬁ ed claims. 29 April 2004 CLAIMS 1. An
apparatus for supercritical processing of first and second workpi eces
conprising : a. a transfer nodul e having an eptrance; b. a firs
supercritfcal proceS¥iRersBRic ‘I’&éﬁg‘F'@H‘qf‘%””t'ﬁ rf @F%Pom%am@?ott he first
supercritical processing nodule configured to perform supercritical

processing on the fjrst workpiece jn a first rkpi ece cavity _.having a
substantiatly consttﬂ‘? appgrpi B{/‘gf“ﬂhé;whﬁr.emath%é’&'\é\)%ﬁ ‘lﬁjﬁércé’mpf‘Feéefi 5Pt essi ng
nodul e coupl edeohfigirdtiont r ansfer nodul e, the second supercritical processing
nodul e configured to perform supercritical processing on the second

wor kpi ece in a second workpiece cavity having a substantially constant
second vollune; The apparatus of claim 10 wherein the robot comprises a central robot, the

central robot occupying a center of the circular configuration.

12. The apparatus of claim 9 wherein the transfer module comprises a track
configuration.
13. The apparatus of claim 12 wherein the robot comprises a tracked robot, the

tracked robot comprising the robot coupled to a track such that the robot moves along
the track in order to reach the first and second processing module located along the

track.

14. The apparatus of claim 13 further comprising third and fourth supercritical
processing modules, the third and fourth supercritical processing modules located
along the track, the third and fourth supercritical processing modules located opposite

the first and second supercritical processing modules relative to the track.

15. The apparatus of claim 9 wherein the robot comprises an extendable arm and

an end effector.
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d. a first supercritical condition generator coupled to th@&¥AmEE00br kpi ece
cavity, the first supercritical condition generator conprising a first
vessel, a first punp, and a first heater for generating supercritical
conditions; e. a second supercritical condition generator coupled to the
second workpiece cavity, the second supercritical condition generator
conprising a second vessel, a second punp, and a second heater for

generatinge, super cr itthe Gagar#@tictai® 18 whaifh the radot faRRks chpriRRs AR Mdiangoup! ed
to the transfer nodul e, the transfer mechanismconfigured to nove the

first workpi ecé™pard@additin] eptstleriee and the first supercritical
processi ng nodul e, the transfer nmechanismconfigured to nove the second
wor kpi ece between the entrance and the second supercritical _processing
nmodul e. 217The appardf @Braguscofglamyl Whepin;the {ire syncrcritiead prospysinganqdyle

configured to Qﬁﬁﬁﬁéeﬁ a &ist PAMre Ale5RRE RAE MhutheP VARSI Ghe ecoldSupRBRlcat Us of
claim1 wherein the transfer npdule further conprises neans or

mai nt ai ni ng a FCEHINSHERE coBPFeRR G FressyrpEestslansf er nodul e relative to a
surroundi ng environnent. 4. The apparatus of claim3 wherein the.neans for
naintaining the slight positive pressure in the transfer nodul e conprise
an inert das injectiGf2RRRFSQERARIER 17 Whereiy Aprj| 2004 5. The apparatus of

claim 2 wherein the entr aofstQfesfulevetdePddaipaibes MR SvorlpREPEdvRE Snde: frgnd- of f
station..6. The apparatus of claimb5 wherein the entrance of the transfer

nodul e further conmpfss8Es vaifehaaaconde Hehdvakriccst savitynholding 1the fiipfoar at us

of claim1 wherein thgxdidcaRafif sufBei@l bdckand, iBiRApLRuRPRERL entrafide @
pressure above atnospheric pressure and further wherein the entrance of the

transfer modul e conpfividiag igetpssand emses fa thepfet woslgiscsiaid of claim 7 wherein

the entrance ofy the tranﬂieesecdﬁagtégs@révégs%h&mprige@mersiec%ﬁ&w%fkpﬁééi&atzitpml
| oadl ock. 9. The apparatus of claim 1l wherein the transfer nechani sm

conmprises a robot. ROeCORAPresEe vesssh snace |thy fHrend WeKRIPSs taKiy beldngtsr nodul e

conprises a Circul akecof®Wokigibcalduil th bupfiRicAlPpasating 18 seebii Pledlrewher ein

the robot conprises a central robot, the .
vessel entrance providing ingress and egress for the second workpiece.

19. The apparatus of claim 18 wherein the transfer mechanism is configured to
place the first and second workpieces in the first and second workpiece cavities,

respectively.

20. The apparatus of claim 19 wherein the transfer module and the supercritical

processing module are configured to operate at supercritical conditions.

21. The apparatus of claim 19 further comprising first and second gate valves, the
first gate valve coupling the transfer module and the first supercritical processing
module, the second gate valve coupling the ftransfer module and the second

supercritical processing module.

22. The apparatus of claim 18 further comprising first and second ante-chambers,
the first ante-chamber coupling the transfer module and the first supercritical
processing module, the second ante-chamber coupling the transfer module and the

second supercritical processing module.
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central robot occupying a center of the circular configuratZPdpril£804 The
apparatus of claim9 wherein the transfer nodule conprises a track
configuration. 13. The apparatus of claim 12 wherein the robot conprises a
tracked robot, the tracked robot conprising the robot coupled to a track
such that the robot ves ack in.order 0 reac t h irst and
second pr oigesm ng nod\j%BPY" a‘%}gc(l.lauglqo’?f&f“’tr [FMPYfing peany Jor é“’grﬁlﬁéﬁ%{-ﬁg of
claim 13 furt hemnd ewnfd superogtidahprocksdmombdulgst h supercritical processing
nodul es, the third and fourth supercritical processing nodul es | ocated
along the track, the third and fourth supercritical processing nodul es
| ocat ed opdosite t ehefappasdtusssidliage 2D WHersid Rty fidaint fof plesHrigife SatpiBes DUl €S
relative to the track. 15 Tage %%ratus of (g(bal m 9 vvherel %he r obot

(s e

conprises an eXFEndHiEsoafsyr CMRTIses A PoTPPly yessel cRBPlEd ohBYP g, The
appar at us of claii¢h il:&o\qdmr ®i the fifze a:lid)kvabnof smpérhleﬂical:mwsmﬁgﬁmalneﬁﬁdh tiapnal

arm and an addlﬂé ?ﬁa end.effectfo a argtus of ¢l |m1 wherein
the first superttitiPcHFSProtesst f‘?ﬁraﬁﬁ'ﬂtﬂrﬁsur B%Ei 53 SHPE’FW@ ¥ Pressig e
vessel and fur tﬂitﬁiudle\lim;)aldﬂnﬂyf’tﬂ‘ fiseeecnd sﬁpbﬁﬁi‘cﬁillpfrdcﬁs’ﬁlng de?mais@ﬁmgemdul e
conprises a se ure vesse e _appar of c a|m17 erein:
e Tir ot prisiPe CORoREr EaNp fouBEra g RSt o e E080 CHVPFYiSh o
first pressur gravestgmanleiadependettlyooriheritt suygeidtice @eoceRing modiile] di ng t he
first workpiece during supercritical processing, the first pressure vessel

entrance providing ingress and egress for the first workpiece; and b. the
second preéssure vessie appaftns S£8lainha 8 Teaien dompridp GBE atBydcbyd Mmshs for second

pressure vessel nt rtﬁ ﬁ t he sec nd wor E'teceltﬁ \érié hol di n t he second
Wor Kpi ece. dur | M5 PN (FLPEHT (rasting obeallt 53 i 0rsk Breties YsrEbeiaeee. v esoel
entrance provi dhﬁt@cdxﬂgﬁeﬁﬁﬁ’oﬁndln%g}’p@ﬁ'ﬁleﬁ@fealthese‘é&ﬁkpild;sm{/é@@l emencel 9. The
apparatus of claim 18 wherein the transfer nechanismis configured to
place the first and second workpieces in the first and second workpiece
cavities, 26respect i Vit yppa2us Mzmppmﬂmrmmpﬁsmg medis 14 cobeslkngisubin éhat r ansf er
modul e and t he uper ¢ it a rocessing nodul e.are confiqured.to operate
at supercritic é Igon ? lﬁr olling dlrects ﬁle tragsfer mecLamsm 10 move the%tljrst and secon d0
workpieces between the entrance of the transfer module and the first and second
supercritical processing modules, respectively, and further such that the means for
controlling controls the first supercritical processing module independently of the

second supercritical processing module.

27. A method of supercritical processing first and second workpieces comprising
the steps of :

a. transferring the first workpiece from an entrance of a transfer module
to a first supercritical processing module coupled to the transfer module;

b. transferring the second workpiece from the entrance of the transfer
module to a second supercritical processing module coupled to the transfer
module;

c. processing the first workpiece in a first workpiece cavity having a
substantially constant first volume in the first supercritical processing
module;

d. processing the second workpiece in a second workpiece cavity
having a substantially constant second volume in the second supercritical

processing module;
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21. The apparatus of claim 19 further conprising first andZ2¢esid08ht e

val ves, the first gate valve coupling the transfer nodule and the first
supercritical processing nodule, the second gate valve coupling the
transfer nodul e and the second supercritical processing nodule. 22. The
apparatus of claim 18 further conprising first and second ante-chanbers,
the first ante-chanber coupling the transfer nodule and the first
supercritical eprocessi ndrangertingthetfing wodpoeae framttle fistesrbereritcelypbdessing he
transfer nodul e and | {4 I ssing nodule. 14 29
April 2004 23. The 5%%%%5?%%ggﬂmgﬁgﬁ%fﬁé¢%fﬁﬁg%“%%ﬁprising means for
pressurizing tHe first dnosfgdopribk seord ovarkpical frpn dbe ssiond supduitesl. 24.
The apparatus of cl %H&s%ﬁl %ﬁﬁl@@ﬂ}%@ﬁrﬂ?eaﬁheft r rrnqos&]rer.l zing conprises CO2
pressurizing config ratl of Ich conprises a supply vessel coupled to a
punp which is coupled to the first and second supercritical processing
modul es sygh that  iig.hBs BLEARYS WikH G AbLGNIAtd A SORNT Lagsidhe T T st
supercritical processing modul € i N ependent Ty of TREIEIATRG FEFS i ti cal
processi ng nodalhendefdsthtiont her such that the CO2 pressurizing configuration
pressurizes the second supercritical processing nodul e i ndependently of
the first supercritical processing nodule. 25. The apparatus of claim 18
further c@hprising flhe stethaddf sleivo?¥wheain shd aentransedthertepnsfehmodiile Bthereans f or
seal i ng oper abl J LIS sure vessel entrance, the second
means for sealfﬁabggigg%vgﬁﬁ%kéggﬁf%ﬁgﬁsecond pressure vessel entrance. 26.
The apparatus of claim| further conprising neans for controlling such that
the neans for controlling directs the transfer nmechanismto nove the first
and second workpieces between the entrance of the transfer nodule and the
first and second supercritical processing nodul es, respectively, and
further such that the nmeans for controlling controls the first
supercritical processing nodul e i ndependently of the second supercritical
processi ng nodul e. 27. A nethod of supercritical processing first and
second wor kpi eces conprising the steps of: a. transferring the first

wor kpi ece froman entrance of a transfer nodule to a first supercritica
processi ng nodul e coupled to the transfer nodule; b. transferring the
second wor kpi ece fromthe entrance of the transfer nodule to a second
supercritical processing nodule coupled to the transfer
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nodul e; c. processing the first workpiece in a first morkp9353”%§991y
having a substantially constant first volunme in the first supercritical
processing nodule; d. processing the second workpiece in a second

worikpi ece cavity having a st s TME%H@ cond volune in the
second supercritical processing nnéﬁi g%ﬁﬁkrl 2004 e. transferring
the first workpiece fromthe first supercrltlcal processing nodule to the

entrance of thﬁapﬁzﬁrﬁlﬁﬁ & sifdetiteial Pddesking of aRSi s ﬁvbﬂ@néc@@co?ﬁiﬁ%@éja WaskRi ece
fromthe_s ﬁ5§ ercritical Hgéoce551nqggp ule to ﬁ%;raﬁ%e of the
transfer - Seqqd SHREIREHCa Progssing i 47 H% {HAHERMEHUIE he
transfer imbda$ & gurpcd. SEg firat dvddeonfifsupdrafiticahpro2@sing e dokes heeckoopled k@i m 28
whepei n § 0 S

2ddt1 ondl RaRee ApERePnd %ﬁO*%%%@ﬁk%@%%éﬁv R Rahogp COPRAL B oo, oy s
for supeferpyqtdmans ﬁﬁ@éﬁé‘s‘?% pigpe timn thaprarapes dfhekensie srsiviesie shefinst ansf er
modul e, fipefiritieslchr6éRs msamer Thé tdb@aihe@ h@ﬁs@“@rﬁ h@&dﬁawrﬁﬁeceaﬁ}ﬂn ghef Obot . The
transfer duI inclu an..entrance. ﬁ riﬁﬁﬁﬁd second. su ercrltlcal

br ocesel ATt e NP ie SheprLER s FRtas Pfidr e ATeh e T RS g

prefer abplyicdssacxhttlectohmttrhturrtsethet fimhsddesecomidubripictes to fier axtianee, of theh‘emsfebot
tragsfer i i Qh?ﬁﬁ e to the
fi ?g t sﬁlgg?l%r ﬁ%‘%c\gﬁ{f&fﬁ%?j a?lag&gn%gﬁ?gs eﬁglosgé?r&{ﬁﬁcai regs%ﬁ]fger S %g Ssecond
wor kpi eceoupkedip theer 8- to the second supercritical processing nodul e.
After the workpieces have been| processed, the robot returns the first and
second workpieces to the entrance of the transfer nodule. Alternatively,

t he apparatus incl udes addltlonal supercritical processing nodules coupled
to the transfer nodule.

-16 -



