WD 01/ 46999 PCTI USO0/ 41853 METHOD AND APPARATUS FOR SUPERCRr | TCAL
PROCESSI NG OF A WORKPI ECE RELATED APPLI CATI ONS Thi s application cl ains
priority frewenowsa Provisional Patent Application No. 60FPEHYSAMSB| | ed on
Nov. 2, 1999, which is incorporated by reference. 5 FIELD OF THE | NVENTI ON
Thi s i nventi on MESHOR AND ARPARATUS FOR SPRERGRITICAL FROCHSSING OB A WORKRIECE S| ng.  More
particularly, this invention relates to the field of supercritical
processing where a workpiece is processed in a supercritical environment
and where chssed in a non-supercritical 10 environment.
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an 02 pl asgief prote3ving stopys intiadensig mmplmwmstak & dlanka ploteckivs ecrmng) pflaict or

et.chin an r d bl ock
di aglr a% f OPF’OC?&‘L‘&"%@(&&)W&@%%&U% o8 }]c?ﬁj&{ (‘ﬁmbrﬁ eiéc%b'?ﬁ al ?ﬁ' Izia'? | onOC
process 10systemhsiguise.aFolloing theiian m@!ﬁﬂﬁ“@&ﬁ% ﬂ@tpégtoreflzt exhibit Gthéﬂe%‘iteé t
exposay e StRibt chéerirg agbm}-nkesdrst Thihsed aernlist Fadgto Uifficatiel ialaghbiotegiset ch st ep
24, T ¢ her it gk s Sbnfe GRR, Riballiotye 88 Lo SEL Al BPGRLIARY 1 PP
a waf er hattishlgadafo diffeodues mﬂmedéwtoreﬁ;séremom chHO‘ﬁWéﬁhﬁrﬂé@ﬁ%& St@;‘e’p’@%‘d\‘% step

14, the ph@}@f&&iss beside ﬁmwasad] été?h ﬂesle&a) c¥dié Gllovialls 3Betpinfeaineds! Depérdideash by a
mask. pen I n%lf ﬁ‘g&l atep|O (eche s,?lgﬁﬁlgror?%s% remd%gﬁn%edv it Ot'i'nc QE‘,Q %{md\ﬁg

phot or esi st yp& N- eXPOs e
resped i vepsesentsa ¢heﬁm l‘PWOY?H@quﬂm EJP@sth%PhOt@féWiIrmmlng \H{Sh%elicélaw ng a

~ exposed patdsRiub ofiéh dfdBgIPbofEto tBY SllewdlB of e efbh Gttt C etch step -1
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
30 semiconductor etching and metallization process 10 includes a photoresist application step
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
35 partially blocked by a mask.
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 16 leaving a exposed pattern on the oxide layer. In the dielectric etch step
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WO 01/ 46999 PCT/ US00/ 41853 18, the exposed pattern on the oxide |ayer is
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deposi t i offkfeayres vhilg ajsa hapdening the phetorgsists dn the @shing step2Qudhe?. Plasmi2i ng ¢ he
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4,944, 837, i ssfdkf metaldsposition stepgdea meaklaye ixdeppsitsd on theywafern flimg b8 r enovi ng
a resist etchedgatiérnandialzecbveringnonestched tfogivak. Batbsequeantipoteéssing, diMdast phfe
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al. also ] . r t e n reritica
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pl aced i rPaftpi@ of thegliptoresist: (Nighikavaryt ah fatherieaghntsy 05 byoveight af methis.  Upon
condensi rigobiutyé ketoieMIBKY) icabbe 4dded to thd:@ippiafitieat €6k, Sthithhifciegea enoved. The

fIELhoas t&fé&F\{en&L‘ fol\*"th%ml gérggicﬁtc and Ah m%g%;ag{eh&kﬁnm eﬁoﬁﬁﬁéﬁ)“d”“ or

fabrication ne_ tor an €r of° reasons. y expandi ng a. qui di zed
or super CRIPES S HEWtess o renpve a photoresist froma substrate creates a -
potential for Nisttialagealoalsd eechhftatphaforesistcan Gc Pdisdved asing theGapepdritiaaent

process gy a ' IS i ey ' ' '
devel opnent? J(l}fl %r}éﬁg\?é%hﬁ%ée@i&h F?:‘g Q‘ﬂ’éﬁa?g;%‘ﬁw‘ﬁ%té’°‘r?§‘?ggge"? Jg?@ i_enﬁfl%ec ause

M BR3i s tsyRgreriticah@Onad e MIRK i 30545 mimutes nUpon geadengingbhesuperrrtigs] €0phoi ce i s
unavai | abthephotytedist haslieen fimokd. i n U. S. Patent No. 5,377,705, issued on Ja
n. 3, 1995, t ' . my ) rkpi ece. The
Cont am nani s L PefbeSyBbhy MEARWEI M SRRBRBAR § ek BAGET (1 20 1l
syst em i rfalirisatian linefpramimbe; afyeesops. dapidly xranding 2 liguifized prpupspriticabgas ge

cont ai nerto réindve @photaresiol frsth seltrite ereytes ¥ potential for drpkdgeiodthe sabstrardanser, and
var i,qus ; . =" t,0 =l.eani ng
vosddl'® o pileal LB BT L ARHA 8 HARAR TR NERY, Wrfoliel 70 T ca
Co2 and tdseclement pg remgﬁﬁp@qgﬁéw}gngﬁ{s fis;not preferred because MIBK 1is toxic

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 J an 3, 1995, teach a system

for cleaning contaminants from a workpiece. The contaminants include organic, particulate,
35 and ionic contaminants. The system includes a pressurizable cleaning vessel, a liguid CO,

storage container, a pump, a solvent delivery system, a separator, a condenser, and various

valves. The pump transfers CO, gas and solvent 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 COZ and the solvent to bleed
40 from the cleaning vessel while the pump replenishes the supercritical CO, and the solvent.
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fromthe workpi ece. A valve all ows sone of the supercritical CO2 and the
sol vent to bleed 40 fromthe cleaning vessel while the punp repl eni shes the
supercriti cWOo0ma®and the solvent. -2 WO 01/46999 PCT/ USFGTAPIU4SSITHe

separator separates the solvent from he super he .condenser
condenses t Hi§ SCREIgIOE I5PRTRLSE he se!ﬁltérm & $UPCH “Fq‘i(ﬁiﬁw%&f’%%‘&é'd%ﬁi%’ner -
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substrat e rra«marremgts %ﬁwcwsduetpn@manpﬁ lige. Qieh @gHHerR 100t CAMRFYE I BIF | i ne.
Such a syskemitohducissubstardizhdlil, Which Bemoi il séntitorsludte fabticatipn ines$ichg. 10

What i s needgd i s, follRlinled b dEKEb RS (BRLOLRSLINGUSI g supercriti cal

carbon di SXi propr em con cation_ line, Wat is
needed®i s a net téﬁnqeé?ﬁjﬁﬁﬁgﬁﬁﬂéf devsloping Hh§ﬁ°Fﬂ§IS§W%lPPTPF%%II cg&Behon
di oxi de apiea@s & }@n'a@rfoﬁa geﬁmoﬁ@ﬁquimcaﬁ@bmﬂecat ion line. Wiat i s needed

is a supercriti Sattfj);r?e%ges 1 g@%ﬁ of remV\’Qlal% hotsore%x%p uén%}:gu?gcltﬂ?cg Qz@'gcgtl &1Q>gde 15

sem conduct or su nee processi ng
system i n pprohriata farrasemidondictaribrigation lins) vent are not necessarily bl ed
froma processi nghdt iivaddd ib B sipetiticdl Prote@igtyaterh which it benfiguwddtbit Hantilive

processi ng cha needed is a supercritical processing system
whi chﬁreet sse?lhclpgﬁlbcﬁoﬁmﬁri% requirenments of a sem conductor fabrication

line. What is né¥enrsds nosded isapmersritical pracessingousem ig Whichsuneremticat CQr a9 des
-safe sem eaneﬁtca&@ﬁot%u&ﬁiahwtﬁemﬂaﬂlalpmes ainber'18 8fRElto dveale SHHPAHRMW t i cal
processing ¥ St&ﬁ m whi ch rovhaes econoni ca sem conduct or substrate
processi ng.” RoGF¥ I's an apparatus which conbines an etch
process and a. skt ixrieedadds a syperscitieal progeasingisystera aidhich mestthroughpnt at us whi ch

conbi pgs armﬁlleﬁﬂsgpammgctmbﬁcansym critical process. V\hat | s needed
i's an apparatus i ch c%g‘ol nes a ercrltlcattj_\{pl_}’a,1 ) ag aenon-
supercritical protefdice Eq R é&p?’%vs' T2 fenvent | on is an

appar at us fsgnicsmpamtsuhstreialhmpﬂimgesm ng and non- supercritical processing of
a wor kpi ece. Thwweeaeﬁs h Ripertpfisal frodcER s?étmﬂﬂﬂh@hﬁ;roﬁdé@c&ﬁb%&eﬂ“ tical
processi ng 43 &@n sup ercritical proceSsing and a robot. The
transfer m§8"ﬂ1°8n Y58 § a'ﬁl? ®ABSM&nce. The supercritical processing nodul e
and t B& non- What is needed is an apparatus which combines an etch process and a supercritical

process. _
What is needed is an apparatus which combines a deposition process and a-
supercritical process.
What is needed is an apparatus which combines a supercritical process and a non-
30 supercritical process. '

SUMMARY OF THE INVENTION
The present invention is an apparatus for supercritical processing and non-
supercritical processing of a workpiece. The apparatus includes a transfer module, a
35 supercritical processing module, a non-supercritical processing module, and a robot. The
transfer module includes an entrance. The supercritical processing module and the non-
supercritical processing module are coupled to the transfer module. The robot is preferably
located within the transfer module. In operation, the robot transfers a workpiece from the
entrance of the transfer module to the supercritical processing module. After supercritical
40 processing, the robot then transfers the workpiece from the supercritical processing module to
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supercritical processing nmodule are coupled to the transfer nmodul e. The
robot is preferably |ocated within the transfer nodule. In operation, the
robot tral¥X@H&% wor kpi ece fromthe entrance of the tPERYF®MIERdul e to

t he supercritical processing nodyle, After supercritical .40 processing, the
Fobot - § ndih TP SRR eSS ARG SUBEHer Rrocesping, HRIBSE: ng odul o
to -3 W\etirht the SekRCeE td B0 6ntdd8Saf the transfeo modulpeAlternativell, themonessi ng nodul e.
After th%u?é?d?:' MRS Eistde! i€ PlridnBE Bsisde Wb supritfcalitbeesdifg. Ur NS the workpi ece to
t he entrance g? ?he tr r:s?%r{ m)dule.e Alstuie]r nativel‘i/e,s nt(i\g'ﬂe non supercritical .
processing is perfornmed before the supercritical processing. 5 BRIEF
DESGRI PT BRIEEBES AW QESSHIE JORA GSustrates, in block diagramformat, a
process 10w kRl JAIREE S OMOL BhaShitinld » AR TRIot b EahicARBLPABRR: O L he.

prior art. FIG . ustrates, .| agramformat, a process flow for

a seni copplmeiglizationprosgss of the BAOF At | zati on process of the present
i nvention. 10FKD. Gillitrates, s bloeit diagrainforliiagalpratessgfloanfot @ semitondactetigtehing i t i cal

renoval pr &Stﬁﬁizmon%essmfﬁ%eﬂ%seﬁﬂ}fﬁg&r?n' FIG 4 illustrates the preferred

sem conduct or_praocessi ng . system of" resent _. i nventi on. Flo? 5
i1 11&trates tFE-gilbystptesdn Blapk disgramdomat 3surediticalJemeal PEces of e present

15 i nvenpieseht inveiionb il | ustrates a first alternative sem conduct or

processing s y?lt(f miﬂgﬁgtlg?thg BFB?&'FEB serinm‘%uop Egog«{ééx& %)Lte'njn J)Hﬁé fn%&e%? a second

al ternative sem’ conductor processing syste present” 1 nvention. 20

FIG 8 imvgattanates a third alternative sen conductor processing system of

the present Fiov6hllhistrites the Preféred|sbriizbiidut@s pratessing hiotula lof the padsénte

semcond E1g&&r}processi ng systemof the present invention. 25 DETAI LED

DE | PT " THE PREFERRED EMBQDI MENT A sem conductor etch and

met al | i zat i onFliGk 6dkustates 2 firsbaljsmatixe semicapdpgierpiogessing ystsmef{thepresenls o pl ock

di agr am inventfonG. 2. The sem conductor etch and netallization process 30

i ncludes a Sl ' I | step
34, a phot or Pacs( Rpae S AehveliRalfii Bl 35uEh SURIUER
super cri mvegdiony enpval process 40, and a netal deposition 30 step 42. In the

phogoor esi st ad. Bilnisiratss Sthérf aRémativiesempicondacos protessing ayspdm efthé presenvaf er

havi ng ap . rﬁ})&gosed oxi de layer. In the photoresist exposure step 34, the
phot or esi My exposed to light which is partially blocked by a mask.
Dependi ng upoffGafl élfustsates #neeighith plisreative semigondugarrogeyung sy sisafithe present

phot or esinvéntiog] t her exposed photoresi st or non-exposed photoresist,
respectively, is renoved in the photoresist 35 devel opnent step 36 | eaving

a exposed pattern on the oxide Ialyer. In the dielectric etch step
2 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT :

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
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
30 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.
Depending upon whether the photoresist is a positive or negative photoresist, either
exposed photoresist or non-exposed photoresist, respectively, is removed in the photoresist
35 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
photoresist. This produces the residue which coats the sidewalls of the etch features while
also hardening the photoresist.
40 In the supercritical removal process 40, supercritical carbon dioxide and a solvent are
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38, the exposed pattern on the oxnde Iayer is preferably etched in an RIE
(reactive ion etch) process which etches t he exposed pattern into the
oxi de | ayerwotei/ue®9ml so partially etching the photoresist PCTRIS80/4388duces
t he residue which coats the sidewalls of the etch features while also

har deni ng ubed tpsaayiedhs photorasist prd th eesidupelncthe metabdeppation step - daustal layer
supercriti ?@degSﬁtreB of tisH %mhﬁé\ﬁe atchéd ph@idiin and also cétveﬁ& Adr-é6RiYegions. In
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processing, at tﬁ@sﬁpeﬂﬁtltat eém&)aepra&tsaho smepﬂeMt Roentidh G ididstia, 85 wblock

removed in . order a cir critical .re cess 40
o e pr o diagte i Bt POt St it reapal Diasc B b ine ol AR VAL R °

The super c thetphotrresist amd/the residue on the 2 fdrcwithin atv;espuedtan@et ﬁél smimerthe Wi t h "the
pho]t or es![ ﬁ bredfifle (HAGbELR 68t fRbcebd WepV$2! Elﬂ a s&!oh@bfbcé’ss Sﬁ Uhé€p: l‘éﬁbﬁi@&émﬁé}d

seal i ng ressur.e er.in a n a.s

process st “n?‘“ﬂ@”é‘r‘égg'ﬂ Pxﬂ?dt?ﬂt e cqr : ‘8’é‘§ﬁﬁ?‘?§'ﬁ éﬁetsﬂpeé%ﬂ 8 08XI de
until1a he dixkie(SACOYL de athisipre®ss shep 56, thersopdr¢ritival catmnldgoxidel@rrits o %pldent
(sceee) . | 'iht?tﬂeﬁ‘)‘r&&ssoéhgﬁﬁés Iﬁtmrﬁ%ro&&%t@%eme&ﬁget&ﬁw%fm Rickideahd the

carries a soqlve

0Cess urth proces step 58,
t he super cFHenRt are ‘Eﬁ?‘ﬁ’d‘ﬁ & %’Pfaﬁtew‘gh‘g‘et“f‘? r “E%]I ‘Q%SHN%{F%S‘ ﬁE)HFéfsh &% cont act
with t he waérmved fiioinl the wefephlnttbe fowitls prozend steh 681 ths salvrmt afrleast pastidlyedissbivem t he

- vafer. mﬁ)ht)f?a sisParf RE ?e§§lu§t ﬁngi fi¥th rB&%s ﬁé}i 5’@ e ﬁéssﬁr% [BAmRR Eéﬂaﬁidlly

di ssol ves otoret#st and eS| 3 process s% , the
presslite c ﬁ’éh?ﬂ%‘?d i 18 asaxth process Sth 2\ H “nF‘?‘ii “§|S?<‘feﬁth|tﬂ’8‘t"é%§e% eB‘GGZ t he
wafer isr smmmmalrremomlxmeds 40 endsdysieptesynrififg thelpzessiwa phargher andwmorvisgov al

L

process 40 Ly depressurizing the pressure chanber and renoving the
waf er. The ectric etch ste 38, the supercritical rem)%ﬁ‘l nﬁerajcess 40,
and the net aI E’éep‘éiﬁlieftf’[iﬁt"gts@ﬂ 8, 3he,supersrinigal remaval prasase Al Ape fheimet

seni conduc depositiah siep 42 arerprferablyliyiplenente & pseafiemdecorsiobrication iut by the
proceggi ng ﬁéﬁtteﬂ @erﬂico%&%to? ?xfo%&@fng Ssﬁ%f&ﬂ bf @8 'rprééé}it meh 1, lwlhﬂ:ﬁtﬁ ﬁitu&flatédrin FIG 4.

The preferted sem conducto rocessi ng sys

udes s? %{ﬂl? %r nodul e
72, an et & rﬁa@Gte@refwedaseetpﬁemqrtpmatsnﬁrsaj&fee579rt@c 8aan e
ant e- chanbetch K%dul&ﬂ4ﬂzﬂ§1@e1@ﬁﬁdiﬂbﬁfocessm@(ﬁiodﬁﬁ 76aardapechaniben7 Tyad ahte-cE@nben

transfer npg ;A .5 Qﬁssu%%m(gﬂﬂe @Ogtrte'fer%o%tergmtg %gcomttg eldclrBIS & TiRdUl €

72 |ncludes rocess transter nodul e
- 25 ent r anc &amfer nﬂ‘i‘é“ﬂﬂdﬁ@?‘&s ﬁﬁ%éﬁ?‘éghéh‘t“? E‘iﬁ’é@'s DoFts, &SG04 af"TaIn§fFf medrls econd
hand-z5 f Stmtdn6$90. Bt ransfdr Béduleafirahés 90 incladesSirstand sezohd hadeofpsiations, 26 and

98. The etg&g&;% ﬁmz%dhsre&gld%cgé&&g ggg?(péé;cesm ng nodule 76 via the

ant e- chanbér 8 are preferabl y coupled to
the transfer noBesechmodyly74, Hlecwp%tltmt progessing madule 76 vintbe antgshqmb erél» 86,
respectivehyd thE’ﬂqfoeihab h)bdulche atd prefefably osapldll & the haisf@nddale3R2 othplfiedd to t he

Secong haptot et Bbrd 581 1 il 2 TR B Bl lped el pbicio B T,

via tie fi P@tpleéﬁet@éea#er medile %@!é csier af t @)Wﬁ’dn@é“ erlés jbe lFs\t/é‘l“{/s"’mn

Pref er abl yharddhef §thtichk, 2uid 98 C08 cbuprddo teftrapéfat modide vidZhe first and second
entrance ports, 96 and 98, respectively. Preferably, the first and second hand-off stations, 92
-and 94, comprise first and second loadlocks, respectively. The control electronics 82 are
coupled to the transfer module 72.

35 Preferably, the transfer module 72 operates at low to high vacuum. Preferably, the
etch module 74 is an RIE (reactive ion etch) module. The RIE module preferably operates at
the high vacuum. Preferably, the deposition module 78 is a PVD (physical vapor deposition)
module. The PVD module preferably operates at very-high vacuum or ultra-high vacuum.

It will be readily apparent to one skilled in the art that the RIE module could be

40 replaced by an alternative etch module such as a plasma etch module. Further, it will be
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and 94, conprise first and second | oadl ocks, respectively. The control

el ectronics 82 are coupled to the transfer nodule 72. 35 Preferably, the
transfer WODIMEI¥2 operates at low to hi gh vacuum Pr ef BEHES0P/4185Be et ch
nodule 74 is an RIE (reactive ion etch dule. The R E nodul e preferably

oper at es readily epparent tgrong skilledin ﬂl‘ﬂ"’é‘f@?"é‘éﬁ E/VDW?Q“'&QBE‘QPF rprcabBNie 78 is a PVD
(phyS|h palaltuﬁznﬁvb desition modnle suchndal GVD (Shemiewrapardiebesitivnd frdalel y oper at es at

i
L Y, P bty S Sl 8kt B 0 o1
al t er nat Presessingsysiera P eowdd, becondigured with just e etsh moduled4 %F‘Fﬁéﬂmr}ttcﬂw Il be

-5 WO 01pAkthg MioBuldI@OorAdidhdst mmﬁmmlapméaﬁhg inodwle @6 and the éepositioh he art
t hat thegf‘g@IS dul e could be replaced by an aI ternative deposition nodul e
such as ri?chem cal vapor deposition) nodule. Mreover, it wll be

readi |y appar Eh transfepmedulg rebobdp) preferaply ipgludes Hé‘tbOF bse pP@ RaPRs ama 402, c onduct or
DLOC essi agd Syt eMfeotor 10aL MHe hborkuad is@utiplel toitieransfer mbdule V2 hTheadbidtarnt 4 anfl

t esupe 4t| . t e tica

pr oceser i ety gt RECioBd 4R Uhifh Kipicdl thd ok noh REEHRBI Gl | 2

r obk} 801 - cFherend eifeqterdiOd ifconfigyredioickand plaogworkpiestso Preferablyghe endand an end
ef L e;:t or eﬁ'&foé Zﬂﬂaes dogih ed)ﬁfpibki aﬁd@wlhedzafee Ah&niﬂv@l}&ﬁﬁrenm&& 102is I he .
robot arm i S ce ro Les the en
ef f ect or “THEUES ﬂlgﬂ%‘ﬁ%?ceay %&1%6& %ﬁtg R Vg\e}'c\%hﬁ?ﬁﬁ?% confi gur ed
to pick eptice thewanséy n}@d@'ée@bot P9, avhsrethg dual momnclwieﬁm amspgd tye

confi gur gl dfecetsCk and pl ace the wafer. Alternatively, the end effector 104

S onfi gur ace I ively,
a dal armr gg[betsup igg%chﬁgocetg%{lelg {nog‘ﬁ]g? gPrePer%’Lﬁ llﬁa{'d%%t%gt&% eGVaNA‘ lbﬁ hzﬁédual arm
robot | néfstigate valvil 09roeBplasavorkpisce eayiy &% todhesnte-chambaml. %’ﬁéﬁ'@rl tical
]Lor oc ?SSI &&niﬂéfjw ﬁei%ﬁb@ﬁﬁélﬁdéﬂ@shﬁconﬂ gaik vsles 108. f'lrheselc;fgagae VﬁmeMplﬁg_Eg -
irst gage va oupl e ,ece cavity to the ante-chanber
The "ant eEh ﬁéé‘P&“f?”E‘%@‘?g? %MHEWUdes a second tgat e valve 108. The
second gate VEEfemblnd mmp%@eweam@lemﬁb@“m? epsghe warkpiegt5¥er nodul e .
72. 2i?°r ef gbmithe/firsi th@-l%ﬁTsﬂ!‘ubﬁ ?2 td teetch ﬁiﬁﬁxﬁ]fe 74, trmﬁual the ai@twmc&&htsfetprssﬁ@r 3 It he74
wor kpi ec iT ule 74,
wher e th@“éo“@f’%zl[g? t’tRe Fer Od'ﬁﬁé&%pgo‘%"s tﬁé ggﬁf\lz]?% ﬁ&[’ tc?’arﬁgq modul e,
obot 8074 todheints-charber %qifébe Eogrcritiephpropssiog Biedwdty The sgondgatalve
anlt e-c hamthS ; ﬁﬂﬂo&{s aid e &u@ertmﬁbet Intc alprﬁ‘é@ﬂsa@fe;ﬁ@zmm earén didkide.SNeaNd ggt e
val ve ep cl os essuri ze
with carg‘Sﬁm ic EW%F@ eﬁ%ﬁgms?%etﬁgn%rk%ﬂ%m OJ%%F%@E%?%?S?%{%% t he
worMpi eceupertical precessing amdale Ieawhese ﬂ'??“ltefﬁftﬁﬁ@ ranov poeess 4P iseropnge es si ng
goﬂll e 7ﬁondedaﬁg' this| the uﬁ;ﬁﬁﬁﬁc@ g reinGodd FrophTne ahpeafrmeﬂqﬁocé&mgs:nwé 76 Rk
ol | owi n r e.ds ¥ [ rocessi ng
e ek Bt ol B SR S Y S G B RRL By P 00055 1
ant e- chavdsaum jpymp (aat ghavay Bsﬁfqablﬁébmwmwnm mp@mmbom"e% r@sy, the

vacuum pth%ec@ﬁd’@&é $411A01 08 dpehidand ke tansfEi@Bdule b6t SUaEMErsghé workpleve1 1808 opens
an d3 the Lrans] supercntxcal procr:e%sbxg middutb 78 B5hE Eépo&ﬁﬁn WRAKL 78 Pheld e metal

deposition step 42 is performed. Subsequently, the transfer module robot 80 transfers the

workpiece 118 from the metal deposition module 78 to the seccond hand-off station 94.
Preferably, the workpiece 118 is the wafer. Preferably, the wafer is in a first cassette
with other wafers at the first hand-off station 92 prior to the transfer module robot 80 moving
35 the wafer to the etch module 74. It will be readily apparent to one skilled in the art that some
of the other wafers can be processed simultaneously with the wafer. For example, while the
wafer is within the deposition module 78, a sccond wafer could be within the supercritical
processing module 76, and a third wafer could be within the etch module 74.
Preferably, the wafer is placed by the transfer module robot 80 in a second cassette at
40 the second hand-off station 94 following the metal deposition step. Alternatively, the wafer
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30 fromthe supercritical processing nodule.76 to the deposition nmodule 78,
where the metal deposition step 42 is perforned. Subsequentl t he
transfer mO¥OPE48¥hot 80 transfers the workpiece 118 froRCTNE0YAES3,

deposition_nodule 78 to_ the second hand- of f S atlo 94, Prﬁ{tﬁ atggly ﬂ’Stihe
wor kpi ece Pegins andieds ifthe first gasistie atihe rst 331‘“@&“" &P NAUES o
Wi t h ot her whiitasecoat gtdup of imafets tegind and éndsﬁmﬁxemoﬁ&cqsssﬂmatmgswoed handrodf er
nodul e robg{augrp qoving 35 the wafer to the etch.nodule 74. It will be

readi |y apparent to one skilled in the art that some of F dq& fers
can be processel willbgreadie aprarspt tg qus skifled indhesrt theffhe sseqpghand- sit?“é’
waf er §s wchhbdlelinfifiated pothattadaitional dandoff Saticnseae baatided focthe petingd be Wi t h| n

th | t hi
the ot on wedhicBfigtoP BREESRER ?sté‘?"ﬁ ?ﬂfﬁgrﬂ?@"%f%%g&qg@%ﬁ fo R kAR e 1) 0
robot 80 i @rtahalthedrrasienmadile po at 80 cap beFepl @é%bhelumﬁﬁ e m%%wﬁisﬁ 194

fol | owi ng tcherigikddab udﬁsrmahé WorkpRt@P18. Mbresveatii witl be reidily appdrent to erfe sWilled

01/ 46999 Pe] Ugﬁ@@g L SR AL, bl ol RTREL U bmbiig ol |11

hand- of f statt secon
waf er 0 begistandasd meelmmal lnterﬁqee epaeeph 80 thaktbe walsrs.pan bp mainizipgdgn Ha}?an of f

station 94 enditonMeht seb&afe%hb‘urﬂﬂﬁdﬁh@@ﬁwﬁoﬁm@ﬂe skilled in the art that the
second hand-off . stati o

ted o nd- of f
Staitons can belBeAbEat peshilaniul iRt dty BRI sp e
Further, i ©- Vibe supsecniticeldirgopssipgyaedile 7¢ '@cl@d@ agjarbon £ipxide Sﬂlﬂ@y vessel tﬁa% the
t ra]psf er g@f&ubfdfbsa#aebuﬁp 194mh saR| cAeabkr1 36,2 dhemnal @pplyaessenizsm whi ch is
conrli re (6] [ ans |ece
appar g#t t & %ﬂ%tloglPu“\peléb Wapﬁ’é Pt 828 ﬁ%’?ec?% egé)e)/sltm a’l;lﬁcf c\sQ%Jgg dgs%({aegg@tl es can
be front opesselng2ism¢ouplsd tcp@wayrwnre ehagybet 136 via the carbam digkide pawnd 3¢ and
interface Q%&?%xi@@p%p‘ﬂ@l%h%%irﬁéﬁdﬁﬁﬂe p@mg&mawtlmda catbén d‘abﬁ&é\heaterl
enV|ronnen O Ul nmen C I Ca
processi ngtlflgg{%%g etHFe'l"ﬂ]Ec?fﬁ ‘i’ﬂf‘g? a‘%?‘? Q{é‘ © PIEYS setcrhaa?le % ﬁ'etG 5. The
super cri t i pessume deedst H$ induddse pmsurnehmsh@t@dﬁ%o'ﬁhWIWIaaen B‘mpl‘il) Messel

132, l@o candafed dh Q)Eirgﬂatmﬁqﬁlejlgﬁf whibiPcRpRS fdﬁ:@ plEFb@ambabl 363t & bettlsizh
supply vess

15 'l
AUt e NERERCR T e R e R
‘pressure chixeigioni®e 192 watvbernabuppliilios il 3 “fbmlmmﬂgdpsaﬁigst injaetion rpumm? de

?|4 gl ng 1:16Axm§a gk 1>d+£§@t1) 460 %'cgﬁﬂgi tb4ke élfbﬁiaﬂgﬁﬁn@}[%&ﬁbﬁ)ﬁnﬁQﬁﬁlﬂﬂn@eat er
ocate e e car n I OXI1 de e essu

136, Tne. IPLnc R Ber P g R e T BS A e B R ReE a0 The

- circulati onowhmomresurz@himm%dvmrcxhawugaspipatglﬁ4 i ne 152, which coupl es
to the pressurem@@ﬂmr 137§§e @‘fesgepwza%%boﬁ Hiloﬁfd athpana, aﬂch%carbon

circulatio et 15 S vesse | S, cou to the
circulatio “’I"f‘i‘?é’e‘itgrzl‘\g f%méaﬁ 31‘1‘1%5}&8[)%"1“%@6“%% 3}11%%"'?’}? SHH%@ a first
i nj ection pesspl 1BBSthe firkt mjevtien agep\tlS%tﬂmﬂryse amsmppmsseélﬁbapﬂ@dwcond he

Circul ati ofylding ﬂtﬁﬁl 3?orr'ﬁ th@ﬁ?caﬁéiﬁ%ﬁée Lgeﬁﬁsu intent 143! udes a second
i nj ectjon punp é ?x haust as CQLl £t 144, |sl 25 coupled to
the pﬁessure C ol e Tosg pupaieehd o Sged Bichs Hy hEEHE supEreR Bt et qe

suppl y vess®iduleJa indves edvﬂngrcodtrobﬁls:wopgs;ﬁltmmndanﬁt)t brokups weh are typical
of supercritical fluid processing systems.
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

35 (or both the photoresist and the residue) is inserted into the wafer cavity 112 of the pressure
chamber 136 by the ante-chamber robot 79 and, then, the pressure chamber 136 is sealed by
closing the gate valve 106. In the second process step 54, the 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

40 dioxide heater 148 while the pressure chamber 136 is heated by the pressure chamber heater
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di oxi de heater 148 form a carbon di oxi de supply arrangenent 149. The

chem cal supply vessel 138, the first injection punp 159, the rinse agent
supply ve®¥l1/46999, and the second injection punp 163 f&CHUSIAIN cal and
rinse agent supply arrangenment 165. 30 It wil| be readily apparent to one
skilled |1r$0tt<hﬁnsaﬁetth%tﬁéqmneﬁ@r§ abtbe esrpen digxideindberrsssuis cham 5 FAbPYR? udes
val vi ng, ceicicdl teahpepdt@el Thekritizal térhpdrating, forotiél caibdnl didpidde Gk DS Pitkersbly, aliee
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t ormpor at eSS AHEde ol 138 PR Fslini S e pidiypd GUPBEALSS! e st 08 o
t he car bonmgild% staps pumpingthe sadwmtiingo i preswire dhambersl 36 %ﬂldlthe girculpHigRPWAP 45 C to
7ﬁ T. A tig% Bagiﬁs\&lcﬁlanﬁghﬂeﬁ Bi&ﬁfi@d] usrsomloixh@axmh@m&h mn&lﬁmnﬁ fd&eslsg(r) esé sure
cnapper I1n a
Upoﬂ;)r eafiP ﬁ% FWF%’”?"A’( tﬂ§ %sls%l?l {‘g}?é’f’m&bsr’?gﬁ&zg;ﬁg {@ﬁ]@s ?lmuﬁg “on punp
159 punpsupetsitical saspen thomde and the selvent th%\wanpma}' carb@sfbpmi?,@ainm@ théhe
press ]chr etsﬂb&fﬁhﬁéonﬂeﬁﬁwﬁh ﬂ;etvmbr CAaaaubﬁdntyomy Tﬂ'chl&ﬁné—@@ (sj%drﬁlcilhﬁrb@ﬁr bo {1 hdl gx i de
punp ur er, pr sur, z S SUup rrtica 1 QX 1 N Ir
P obese UisEide BhS HRAbIERCs AT ARYRESEde io6val GPE Phorfhe 8 e besliell [0
pressureﬂ@()vﬂefﬁanber 136 |s preferably about 1, 100-1, 200 psi. Once a desired
Srmzmt dof themwrawﬂthdm%r is Ra@ RatishaBad the ), r@ss&x’@?h&ﬁ&ﬁ% eurgiipandurtd 36 a2g4
eslirea superc C con ons .arke reac he c unp
tops. pr BB Heb AR AN IR iy S0 g efifrBpRO, G BiliREmE D 120
st ops puMg‘rQCIqssmplﬁent into the pressure chanber 136, and the -
ci (r]I ctthat I oln pﬂﬂ&thé—;?l(bt&@sﬁﬂtafdhﬁnb E&iduahﬁsﬁibel ﬁfkﬂa&&p&é@m&ww ﬂféqfr&sat hnedi oxi de
~an e SO Ur sSte e pressure
at this 133%%?“" e?ffﬁsuﬁlg Z‘Pusg%?(’@ﬁe%%astuf’cmn{%? %b reritical
car¥on dd'@xiddéh@qunhmeéEhﬂtoreﬁlﬁea'@mptqdlfﬁﬂlwlm ﬁ'arelsbwswaéﬁ? ‘Pfhl nt ai ns
the sol yasd 1wlrp&aérasietmmb&d§tt&smhepresmm:aaaﬂsbyo néhYtKélxﬁlﬁHﬂ ating the

t fluid fl
ohoval St riiont O i B’ et R eGP S RRETCES, iy
t he waf eprepsyreehanbert 136 isaysled af lnast preepat hisnoin bxmmﬂlcp%'smmdfgen he fourth

pr ocess ﬁ%e da'§§a11 @xhﬁ&ﬁwgmwﬂeysuretdmnw&h@s Tﬁls%ﬂwﬂcééﬂatd]&aﬁhﬁd%@wﬁhﬁ&wr? .
uril n e resit s an
S heltes; st ol 36, 1 B4 R0 PR R 65 GPprofpe b i Bro R

maintained above the critical temperature and above a critical pressure The critical pressure

for carbon dioxide is 1,070 psi.
In the sixth process step 62, the second injcction pump 163 pumps a rinse agent from

the rinse agent supply vessel 160 into the pressure chamber 136 via the circulation line while
35 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. Pfeferai:ly, the rinse agent is selected

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
40 from the group consisting of isopropyl alcohol, ethanol, and other low molecular weight
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chanmber 136 is partially depressurized by exhausting sonme of the
supcrcritical- carbon 25 di oxide, the solvent, renoved photoresist, and
renoved resV@OE460% t he exhaust gas coll ection vessel 144PEHUSI04EES3t o
return conditions in the pressure chanber 136 _to near the injti.al

super cri t ideahols.oMore prsteiabiy, therpeopeli selsted feara %ﬁ&?péﬁys‘ﬁngpgpﬁﬁmf”? he
pressur e widohbirant e etifuheb Most pedfaaaig rtheldéohobisthyecdtimiobt | east once at this

point Dy ral s’ BeddeyHhesark & ﬁiadstédaﬁazlﬁgg,g'#,&saﬁéf&ﬂambwlﬁt&méme@m he

pressure chanber ~enhances a nfiness Wthgar}e h 8 pressur e
chanber 13Eocessstap2- fAlterntivelythe waler is;spgpwithip ghepressurs charphes f 3o furng the

pr ef es abl wixthpilobésasi@pd2.above the critical tenperature and above a critical
pressure. The ¢ritical .0 L b sesql QdQqpsy - I n the
si xth process g‘E{ehesg‘%mht rgéegéej{g%n%‘{’?%jpg%%l?gghﬁj@&%\id Jérrsgs a ?‘?}Lnse agent

from the exhaistingge pressupehamberlisde thegyhaust gps collecionwesspl d4bhggats valvss vi a
the ci rcul @biidpehtd) @ndvbic Wfer reinbPedRdnd ¢t préseure dianbenP3GLEBAthp apte shamizes t he
pressure chg ber 136 to near the desired supercritical conditions and,
then, the ul ati on punp 140 circul ates the supercritical carbon_ dioxide
and flfe rinse Ademativesupergaitical cemavakprogesses nhithe present ifvention are taught i thes e
aggnt 'S tsfﬁil&ﬁ?%gateﬁtraﬁﬁm';%ﬂwﬁwgﬂ%ﬁ%?&bﬁcbﬂﬁré@éd Mearmﬁ?tpwmfmee: one, f
and a m x r.eof.. .Nor refer xture o
the al coholw'g:l??de'& ﬁ‘é’ﬂ)\%ﬁf@? .‘E‘iﬁfﬁ’é?yeﬁ%%r’&)?f"-ﬁ?z‘agvfc%@?d (l%gsgte%éé?to g(geql " fromthe
group constatant ApplisationNpr 389,788 ciledbon Sem: BalP9P; U snBatentwplicasign Mot ecul ar

vei ght - &9/088i391 H16Lén Mas 2PEB08.3RAAS FHovitibhdl PhtedtldpplitatichNo. 50041,739, WO

01/ 4??99 S(CET Ogééjggis al cohols. More preferably, the alcohol is selected
fromthe grotyf®6msi’sting of the isopropyl alcohol and the ethanol. Most

preferably, the fGistateotative smﬁeor@umamboesm$$3§temfyb§ RrRRENhiRVetionds hol d
stati onar Yijridtratel n PICE %5 Uhe fiedt 41id284tivé 36nidbidub@r proBesing kfkterh | PERARVES tfth 62.

~Alternatively, the wafer js spun w.t hi ressure chanber .136 during the
5 sixth prtg?:ég?s'ctéafrg’ﬁ’ %g@4t e 'é‘gléaé'i‘}’gﬁfcﬁ‘){j}eo%%g cﬁr%%rr_ TP RE dlrl)%%rssur e
chamber 13Bodessingpyystemsiix ilu 8¢ firshyalteraxtivesemiconductos ppcessingrsystemdiBdhe 136 to

t he gyhaushpga%icaPbrb&stin® hot@s 36 ks prétirablytBusied &irstal Yethe $8%nd procpeingd, and
the wafer is re romthe.p

ved f ressure chanmber. 136 by. t he ant.e- chanber
obot 7y, Po6 SAPa e BRSO s SRpsaca preass gl 1, TREVE,
i nvent i on the Brst alteglative sentibenduétor proesissing gateant 70athp supssdritisalproeessingf  whi ch

ar e incor HH&&L&% d;%raké%%iefwe%ﬂK/Muﬁﬁlyapﬁ)élgfe?dcrﬁi'éﬁ%ﬁditioﬂi S. Patent Application
(Attorney Docket ., SSI-Q0103 filed on Qct. Pat ent

Appl i cation NoA fse9nskdtemalive § i"‘élﬁ‘d‘lb‘lrp@é?)".es%‘,‘g Si'§ég§'°f%9€%’géﬁsg§ ig?-ﬁnﬁﬂﬂbsl i cation
No. 289/ 08Buskated if FIGd. dhe beopnd Flterd0i98 seminehductSr precessing systenh 2Fbaddnp
Ap p! I cat | Qs Nand Q3 Qﬁ?onb%g,’ a sen]:ghdft%z}n?%r NBJu1e724, APL sec@t_uf tiriq‘éfer ?H_o'ﬁﬁl'é'i'@&dt ve
sem conduct or processing systemof the prese nyention is illustrated in
FIG 6. THEO{S thepreleryed sHmicopdnetar Rracetesy 8?’“3?’0&%&@ FW@“@%%?WT?O r enoves
bot h t he samicenddetoriperceséihgaysiemn 220,z third hamdbedf statidro2224@uplesthetiansien ef er r ed
sem conduG)Giyje 72 to the second transfer module 224. The second transfer module robot 226
30 preferably resides in the second transfer module 224. The etch module 74 and the deposition
module 78 are preferably coupled to the transfer module 72 while the supercritical processing
module 76 is preferably coupled to the second transfer module 224. Thus, the second
alternative semiconductor processing system 220 preferably separates the supercritical
processing module 76 from the etch and deposition modules, 74 and 78, which operate at
35 vacuum. In this way, a process cleanliness is enhanced. Alternatively, in the second
alternative semiconductor processing system 220, a fourth hand-off station is added between
the transfer module 72 and the second transfer module 224.
A third alternative semiconductor processing system of the present invention is
illustrated in FIG. 8. The third alternative semiconductor processing system 200 includes the
40 transfer module 72, the supercritical processing module 76, the transfer module robot 80, and
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processing system70. In the first alternative sem conductor processing
system 170, the 20 supercritical processing nodule 76 is preferably coupled
directly WO#%8econd processing port 85 and t he vaculfPFSMPIES coupl ed

to the supercritical rocess n Thus the fir alternative
sem cond FASSUpFHLEaLyT ﬂ“gesﬂ’i'l%{ng%‘}lw ]ﬁ"ﬁémgﬁ ‘Ei’ﬁc?‘lpé%ﬂessﬂ}g& @i i¥g rodul e
76 oper atprsfeisblywasemiopadngtorpeocessingpeadyle; The ssmicanduétor poesssing meddats

al ternati eﬁﬁl sEl@&GBJﬁr&rﬁrth &ﬁﬁ‘c%‘ﬁkzﬁtﬂm Sdfaﬁetehﬂrodmaea ﬂfy@iaa%pdrwiuoan is 25
|IIustrated ié zﬁ ﬁ %‘8 g%e sem’ CB“E rocessi ng .
system 225° emicq] vaRPT feposttigp modpls, “%’E% hé © ?’éﬁ@fer nodul e
224, Sand mechancnhdlanmudmodtddmlphomblbograplﬁfmottﬂe i eshingafiedules d sarubhiirgnduct or

processi qgo‘ﬁ,yes%?&herlsgnmug@p?@ggsﬁh § glodak] ve . sem conduct or processing |,
tion 222 cou agilhe trgnsfeiP dule 72

system 220 ff hi and-off.s

to the second® ?mé‘é‘}terﬁﬁﬂ’ﬁls%m‘f “C‘Pﬁgmgﬁélf}ﬁay BPFERUEYEPBL8E 226 30
pr ef er abltransfesiaddde 720f theprsfecod senticandsétor proaestimgsy2erh, 70Tk not@petatedotiul e 74

o i 1 e VEpiAmh bl P ool Pk RoRKGRGIROH 46008 R ey IR daRoRd o T ©
t he®eco &F@q’éh‘gw eﬁﬁ’&ﬁ%& 72 Sperate g §g’“‘lsﬂlée"§é’5‘?§ﬂﬁe OLft taéﬁﬂﬁt"?vgy%%ﬁﬁs&ﬁ nduct or
processi rglagyestd diva sRAOukiingf epvindrinyens where ttecstightipesitivepressnretis pmtuced bpemssi ng
modul e 7ndd g xhpﬁmﬁraﬁﬁxg%ﬂlgntdqmgﬁie}t'ggﬁ gﬁ@é&ﬂ SfangfferfitfectSm it £, Aggr at e at

35 vacuum ness 1S enhanced.. Alternatively,

roces a
et he S A5COmpE Ny b M ueth BRI (i DR e A A T eSO oy ¢ 1
hand- of f withdn the ransferamkeinte mfﬂma'ansfd:rhmcmeasmdt@pemdat wcngnand t he second

trapsfer nodul ] QentihRe8sS Ng system of
theri|§or esent |i rjlx\el:fén é{)eﬁugbéﬁ d?aldzggr’gf}&dd G Th tlr]1t| rd alternative

sem condfHfrgRat %F%@éﬁeﬁ@%‘i}% e “Fth é ﬂﬂ@g’etsﬂ@m ClOF BIRSTSEPe 5tite 72,
t he superln thetfifthadltepativeesemicogdunta praeesébig systen thatrafsér moduleirebot 8Bist 80, and

-9-. Thig rﬂ]@%‘odﬁﬁaﬁgs&ﬁ?@fgg%ﬁﬂvefv ﬁkgﬂe&éslbkt“}ekn %ﬂ&/aﬂ@&%gnmﬁldﬁom 41853

a non-supercritl The non-su rocessi ng

roce . ercr cal
nodul e i §tanﬁ'f‘%9% P%f’o?‘ga“ad Gefich 6%?8\!1‘6t76’rm"p1°"’t98’i§§§?%§r°ﬁffd’ﬁg d‘f*ﬁ«j 6 t@?)nduct or-
progessi rttgpmmdmlrmdub 78pmﬁ'foatbdnbﬁmngfremta@dvémmfﬂett@ngmdndrbyéhﬁmh ng .of an
etch nody] sphysi cal vapor dep05| tion nodule, a chem' cal vapor

deposi ti on rm ulLle, an electrp ting nmodul e, a chen cal chani caII
pl anari zat i onAntdhplenapvg ﬁﬁ?‘&&?‘ﬁﬁ@b&&ﬁﬁ?n fhlg Tt W§ %ﬂ aflds an
scr ubbi ndnspeaida Isanomtmdhaprefume sermeanduclmmod;essmg)s}{smm iy thewstkth e. In. a :
four t halgginhald siichfflcfct BRKELRE sHias SHBkpRYS IR Binsthed I dsent
i nventi on, es r}ams S ﬁo GﬁE ggfggf lﬁ_jhggﬁ?ef errﬁ@ll ?gmAf&QdUCt
pr odéssi ﬂ@SPE‘%’P é?ﬁ‘?’l)l"i‘%' t?l B?‘“%B%‘fs SHORR PEHE™ second
hand- of f stitiah,ianrisspedidn afithe Wbrkpieces piriahharedthyt thephokavesifit endkibe resuRhavider ; t he
transfer hBvdladh ﬂ{cavtr Qées af: EHGQnWléfaﬁoﬁﬁsﬁﬁpe%tr&cbﬂ}% positive
~ pressure  relative to th rro )gsenwronrrent r ?ft‘ﬁfh‘S“ght positive
pressure inspect thrviRrkeiessy- em?‘h‘@ 3{’ | pFﬂP@éfaPB'h‘sa\’i‘cl"&Wé% i nert gas

i nj ect i osupercriticglpracessingyneditie7&n i nert gas, such as Ar, or N2, -into
thesgransfer nRdHlGvel? in dfbation oF HoSkuPalfehBaRSieniiécPAEAS ﬁ?&e@d‘ﬂ@ $ySBRENt

the workpiece 118 is transferred to the inspection station directly from the etch module 74 if

it is anticipated that the photoresist will be etched to completion and if it is anticipated that

the residue will not be deposited. Thus, if the inspection station finds that no photoresist

remains and also finds no residue, the supercritical removal process 40 will be skipped.

35 A seventh alternative semiconductor processing system of the present invention adds

a front-end robot to the preferred semiconductor processing system 70. In the seventh

alternative semiconductor processing system, the front-end robot resides outside of the

entrance to the transfer module 72 and the first and second cassettes are located away from

the first and second hand-off stations, 92 and 94. The front-end robot is preferably

40 configured to move the wafers from the first cassette to the first hand-off station 92 and is

-10-
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within the transfer nodule 72 if the transfer nodule is not operated at
vacuum 15 A-fifth alternative sem conductor processing system of the
present i nVUEXGLEEP el i mi nates the transfer nodule 72 of t RETYEIP/ENES3
alternative sem _conductor processin stem_ In the fifth alternative
seni conduc@¥P PRiferaklX &9 §?€’rﬁ"°f}ﬁg"8§%§ mdhe $56004 hand-g a“869|ﬁ§°3’§i mpl e a
r obot t hat sendomkétgur ed to nove wor kpi eces between the first and second

hand-of f stati %@%%%%%&ﬁtiﬁés%%dﬁ&@r @B@Bsi%%{éﬂié %fm?&éﬁq%%ﬁ isi cal

processi ng _nodu the eposition e 78 Wthout benefitting
froma covalysHaedin G O The Pl seRcPRCior RIRSFSSINE SYRIAR PLO Gomprites ik
al t er naat i valtamasiveandsfet modyde D2esidianoba yratle2bdof t he present invention adds

an inspection ?{n%ﬂtﬁ mtérﬂa&vggexﬂ%gﬁdﬁg{ogpmg&%g@ymsﬁe iéergn&ﬁtﬁﬁjeeﬂt%ﬁ%ﬁé gm 70.

In the sixth_ alternative semc rocessi ng syst wor kpl ece
118 .is tr 3l oripeationgmeqhansm tq the prsferred semicaduster pracgssmesygeng- dhanst erred
to the depoesiférioientatishhechdfism Atieith theiwidi@racdording tosd ft) xbtcly br amsthact | on of

e 0, e B AR, SR Bl 0 Bl AR o

renoved from ) KpI eces. i nspection s I on ‘uses

spect t&scopytemstivelpdhewafer i erighied i tee segondjapdeffstationP4.  t he i nspection
station is i ncoppRrtailiethative subérciiticl propessias iodeidlof fhe peRamiiMeniioeitbRcesc. 30
ALt er nat Vel e dofho ARGHAL 1 8000 webd\Fara s ifl SHBAMIVES S CORAME! B
processi ng s;ﬁs?_em e \Aorf('bl%ce_ T8 1's ransrerred to the mspec?lon
station di eBemptivepressure phanther pompises echmmber housing pad 2 hydraylisht driven nafert he

phot gresi_s 1atdrl. |Thbehﬁﬁ5‘ehﬁ_6i%si cofipEbta nncﬁm dabity Which iwﬁteha:m@m@ni ha{eh :he
resi Wi . Thu | S | 'S ads a
0" phi or edyepiop R RATG blen i ctiayiea 1h MELAGTRERL b B Quldior
removal pr #heeytindrralgavity.nln oprragipe dhe wafenis plagedarihehydragiely diivesavafesonduct or
processi ng phydnl aker) fthd IRArAliclyiven Wi plaeh mddekupward drdrkals Rthieddiamber t he
preferred 3o oone Rl B G RSl Sh S f O il (IS SRR Biendl f SRR I Ve
seri conduct'OF " o2ss SN Y B FESFH-JHy DEkarticl oyt BalegRlateg it OFE5 9ot the
entrance t &nd the wafegistalesn aWdlul e 72 and the first and second. cassettes are
|1 ocatgyl avay fr AmecdndQitérnithile sapdcrRanitcddsinimediile 81 Mk bRB&nt ifn@diipif4s The
front-end rpbot.is lﬁtr ?f eqieablc?‘/I 40 gon{g gur e tilo ng?ve tt eiﬁ/agaer.s fromthe
first cass8lEes'§ RE Griecerepiahon 8ps A G FHEHRO YR Y 112 P2 R SifSet Has
Been Repl aetde wafer eavity1li2 and plasesn altdarnative@utdt/alis @pTemesfiheyafenaass 1121 so
pr ef er abl y Ta@ Bltdrfiive th1ét® ardDrcTerbbl§ c¥i ks tb i§eBt IR QuS@&Rd] bt Bdlidesihat | on
94 to the 1secgr],d égsmet tzﬁ. An einlgpé;} talf]ert?lat] ve sem conductgf%r 8J;.rtilocesm ng
systtn S oP PRI I WalFsRY Do H S Srefrraplysihp alistpptvy inlytgaregneled 81ty o 1y
sem c¥nducraspecprorcradiv piths yafes navity( 12 sorthal ineperatiorbtha klternativeiintetstandithsf er
nodul e ?12aﬁé}ﬁ|attﬁeBﬁm%ﬁe&{e%%n@)lfvithﬁﬂh@w%hca%g%@Iilat | V? sem pondu;:fc or
processi ng systgm. . present. i nventi on s_a wafer orieptat.ion
mechani smto t hg wbﬁg? ?F&l&ﬁa@é%ﬂ*c%r?&a?{*@?dolaﬁﬁ%%%@?‘rﬁhfgyg?%%ﬁﬁ%ﬁem waf er
ori ent at i omapnbe madé trthepicfnted emhedimehtovittwmutdapditing fioo: the fpidt andscopstafithe or  an
ot her invention as defined by the appended claims.
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orientation indicator. Preferably, the wafer is oriented at the first
hand-of f station 92. 10 Alternatively, the wafer is oriented at- the second
hand- of f ¥MOM4M204. A first alternative supercritical PFEVEYHIS npdul e of
the present invention replaces the EAW[ ure chapber 136 _and gate val ve 106
with an alternative pressure chanbef alternative pressure chanber
conpri ses a chanber housing and a hydraulicly dri M’mmﬂn The
chanber Rpugigg conprises a cylindrical cavity whi mmﬁ 1 bottom
The 15 hydraulicly driven wafer platen is confi guré'd to seat agal*nst the -
chanmber housing outside of the cylindrical cavity. In operation, the wafer
is placed.on the h&tﬂamahin:slfyr@pémﬂﬁnﬂmbmssin@bﬁwkpﬁmmmhi@ghydr aulicly
driven wafer platen no\t‘lqﬁmmg&{ﬂm |e§uﬂcgh the chanmber housing. Once,
t he waf er has, been processegrg@ﬁp draulékﬁ é‘E‘B[?ﬂ ﬁ‘f’ PFFEI r@(@a en is

| oweted and Phe waf er 35U RQREFSIEORS & ipercriti cal
processi ng nodul e of t lamoprsepeeriticalpresessingmpducempled g the tragsferenddulept s f or

t he f rculation lipg 152 to enter the wafer cavity 112 at a ci rcunf erence
of the wafer cavity 112 and Ia es an aIter ative out t at op center of
the Swafer caviity 112. A geunled b rf]? %f%‘?‘% hfigured to
i nj €t the super crmeuhamkm«:amﬁgnreddo mowejthemrlqnecpbamerd@ﬁlemmc@yhet he waf er
cavigy 112. Prefer gahg, - I espect
to aé radius of th ﬁg%ﬁ{‘nn \(/)leéts%/1 flﬁgalgg%tngglte@{oﬁ sg%egﬁrg?lgorﬁgce#éﬁéa‘}j@rl{lati ve

inlets and the alternative outlet create a vortex within the wafer cavity
112. 1t will be readily apparent to one skilled in the art that other

varipus godificat 'ﬂ{égp?ﬁms Qﬁ:lélﬁqewﬂ&exﬁhﬁeﬂfrﬁfc%fﬁguﬁﬁgf&%ﬁm wi t hout

. departing fromthe's scope 0 Invention as defined by the
appehded cl ai FASPripes shasfofks4498. Been Repl aced ~I1~I DX11111W~i hIl -11 WO
01/ 46999 PCT/ USOQO 41853 CLAIMS We claim | 112111 121121 11 ™M 111111 11
(11 1 1 AN apparficipel: @Czwvﬂeﬁaathe%e&ﬁéafmgn%sfammaw
corrprl si ng: %ns aving an entrance; 3

supercritical c%%?s@lﬁqﬂlt‘ﬁﬁﬂﬁf‘@'?f #3% to the transfer nodule; 4 c. a

non-supercritical processing nodule coupled to the transfer nodule;- 5 and

6 d.qa tyansf er "Bﬁga‘p% &@Jﬁﬁq mrélnaettfaaﬁafﬁ&du bafes it PRuluhaRglf er 7
mechani sm conf re tgogatfl ece ]et ween Faﬁﬁp ance, the 8
supér cri ti cal Fuphgodhe eﬁB‘ﬂﬂﬁc@ sFFénWE}Hc§B'E?B?§?F? 9 ‘processi ng
‘nmodule. 1 2. The apparat us of claim1l wherein the entrance of the transfer

modyl e 25conpri sespg agfﬂg!HQ&f cla?ﬁxalt\bl%?em the 3ntrade€ o ABP Baiifdt SndAlileGnen 2

wherein the entrance s er modul e further 2 conprises an
addlztl onal hafnRsEss ayadditigpal loadlock

1 6: The apparatus of claim 1 wherein the non-supercritical processing module
- comprises a semiconductor processing module.

1 7. The apparatus of claim 6 wherein the semiconductor processing module is

2 selected from the group consisting of an etch module, a physical vapor deposition
3 module, a chemical vapor deposition module, an electroplating module, a chemical
4 mechanical planarization module, a photolithography module, and an other

5 semiconductor processing module.

1 8. The apparatus of claim 1 wherein the transfer mechanism comprises a robot.
1 9. The apparatus of claim 8 wherein the transfer module comprises a circular

2 configuration.
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1 4. The apparatus of claiml er nodul e operates in
vacuum and 2 further wherein th I mﬁ'al Dﬂ transfer nodul e conpri ses
a | oadl ock. WO 05469%he appar at us of t he ent P&TAS0Y41853e
transfer nodule further 2 conpri ses an addltlonal |.oadl ock. 6 The

appar atus &- claim ITWEP%?“HS hezeia theTpbat comprises @ centyal ipbgh 2
conpri2ses a semenﬂﬂdohﬂtoccupymges:emtag)fmmfhﬂcelardonﬁgur'ﬁﬁm appar at us of cI aimé6
wherei n the sem conductor processing nodule is 2 selected fromthe group
consi sting of an etch nodul e, a_physical. vapor deposrtlon 3 nodule, a
cheni dal vhbor depostibeiapparansief daimf wherein thedpnsfer ngdyle ermprisesa Bpkni cal 4
mechai cal pl ansnfigattien nodul e, a photolithography nodul e, and an other 5
sem conduct or processing nodule. 1 8. The apparatus of claim1 wherein the
transfer mechani sm conprises a robot. 1 9. The apparatus of claim8

wher eiln t h&2+t r ansf erlhegaRarausef flaimcld wherein the gobot comprises 2 Gacksd rehet, thej 2. Thi s
Sheet 2Has Been theRtd@b6t cbinpiidihg Thekdbot tdupldd tb altdatk $uch kha¥\BeQdbot afd¥6s dlddg 1111

11112% 1101 0 of claim9
wher eljsn t he robthftrllék ih ldgg%%écﬂ%%éuéﬁr@ﬁé%lgrmzl,%)sﬁm-gfgf ggfr%{%rg g?ﬁrogot occupyi ng
a centler of thegué‘FTP%'éﬂamee‘?ﬁﬂgMaltell‘éﬁﬂtedfloﬂ&ﬂl@'ltfﬁekappar atus of claim8
wherein the transfer nodule conprises a track 2 configuration. 1 12. The

(Tackdd Tobot conpr ﬁé’rﬁ@%ﬁw P bR Sl BT REBR Y G

noves 2al ong 3 #H@deffed®-in order to reach t he supercritical processing
nodul e and the non 4 supercritical processing nodule |ocated along the

track, 1 1 The ap | |

ext endabl eigar m and @E'%%%Oﬁkég%gvﬁ%?ﬂ% r‘]“r“rﬁ’gﬁ‘é{)pfg‘%"a pg'ggg(; a%‘ﬁ‘?mﬁ‘ﬂ

wher e2n t he r ot apg;pp pdditionghendiefiselonn additional 2 armand an addltlonal
end effector 1 15. The apparatus of claim!]l V\/nerei n the first

supergriti proce e vessel 16. The
appar dt us DF ol ai m 28e apparpe ookt 150RGh BTl el oAt B0 i ece 2
cavi t$ and a preemprises apsessee vesselr ance, the wor kpi ece cavity hol ding the
wor kpi ece 3 during supercritical processing the pressure vessel entrance
providi ng gress a for rat us of
cl ai m(iI16 \Ajr?gr ei n th ?%pns uesro S aﬁ §Wf§“§%¥?§1&f‘(’)’n}’?€ﬁ§@§‘pﬁ%§

wor kptece in twewm;ﬂm,seuréavsssl;mt@ncwhe Whtkpigop cavaty roldiig the workpisge f ur t her
conprBsing an amfifig aipaﬁhaéalgmeésmggthb bﬁessuze {51 ShiPincEPéVIdtn i el d

supergrl tical egpeg §)§h1nqvonfplece

1 17. The apparatus of claim 16 wherein the transfer mechanism is configured to
2 - place the workpiece in the workpiece cavity.
1 18. The apparatus of claim 16 further comprising an ante-chamber coupling the
2 . transfer module and the supercritical processing module.
1 19. The apparatus of claim 1 further comprising means for pressurizing the
2 supercritical processing module.
1 20. The apparatus of claim 19 wherein the means for pressurizing comprises a CO,
2 pressurizing configuration which comprises a CO, supply vessel coupled to a pump
3 which is coupled to the supercritical processing module.
1 21. The apparatus of claim 18 further comprising means for sealing, the means for
2 sealing operable to seal the pressure vessel entrance.
-13-
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1 19. The apparatus of claim I further (,unpu sifig means for pressurizing
the 2 supercritical processing The apparat us of elaim19
wher ei n tﬁ'guhlé?ﬁ% for pressuri z”@ 2 pPEIUNYYPRg
configuration which conprises coupled to a punp 3 which
is coupled to the supercritical proce55|ng nDduIe 1 21. The apparatus of

cl ailn 1822urt her cHmaPparpingofalaims! Wherein &l transfer mpdulerfiuther domprises regans i ng
operabl e to spaprddi€ingh escuumevitsHhe ra®rvisdaR. - 13 This Sheet Has Been

Repl aced 11111111 21122212 (12 1 11l WO 01/46999 111111121121111111111212117 -
1 111" PCT/USOO 41853 C L Ms 1 22. The apparatus of claiml wherein the
transf er 2kpdul e f uFherapparaigspfdlaims! vheagin thedrapsfer pedide firther compaisesursans t hi n
the g ransfer fwduir@amﬂxgashgﬁb@snwsawmﬁéuﬁﬁs@rmohumramd%otahe transfer
noduj e further co ses nea 2 for maintaining a slight positive
pressure in tﬁlgof”n@ﬂ%?rg?m%‘ le relative to a3 surrounding environment. 1
24. The apparatus of claim23 wherein the neans for naintaining the slight

2 positiye pressurﬁ:elaﬁ park@s Bf@ﬁﬁxfzgrwﬂmvihénfe@i@l‘bf&ﬁm?dih:h@ﬁ{etshgﬁs i nj ection
arr apgement

s of claim1 further.co rising ans for
conth ol I g SRAEHHSE Rizpette B REhRslE woyF BRI gh e P BAPE S RESP P o  er
mechani smto nove the workpiece. 1 26. A nethod of supercrit i cal processing

a qurpi g§e CoONpriTehy &mssﬁm 10furthef c8m ﬁﬁﬁgﬁéﬁfsrfémn&&ﬁnwcmaece from
an rance

i :
AR RS S bff%l&f@””éng%ﬁﬁsﬁew?%ﬁmm@ég%“% SRR 5
processing the workpiece in the supercritical processing nodule; 6 d.
tmr) gnlsf er b, ng t?gcgégfefnho%f&fﬁeﬁﬁﬁcﬂ&&é&@xn@@ﬁv&kﬂ?&%@ﬁh&?%ﬁ%ﬂé% £651 ngssrn
Todd ;9 arb 101 r SEHRATRG CERerR fo e B ST & repsrato e "
t rarsfer nodul e. ﬁraz?ferfﬂh@lnet hod of claim 26 wherein the entrance of the
transfer nodupe Conp“Qﬁﬁsfe%néﬁ%%kﬁé&t&&&iﬂe&ﬁucéf?&essn smidod of claim

27 erein the entrance of th i ses an

2ddiT fonal. hafd-of f st FrReIE LR B SpGerittsl motessipe FREEn,
prodessi ng a %hor kpi ece weosfering thedirst wozkpigee 4nthe hon-suneronisicd preagepingh e
wor kpi ece confi gurgghuld transfer the 3 workpiece into a transfer nodule; 4

b. rﬁeans for gupercr It %c%less%gq e\%griqr:"g GO end lﬂ[s%gerg L{fcgl grggetssmg mols qr ation the
9 and
10 f returning the workpiece to the entrance of the transfer module.
1 27. The method of claim 26 wherein the entrance of the transfer module comprises
2 a hand-off station.
1 28. The method of claim 27 wherein the entrance of the transfer module further

comprises an additional hand-off station.

29. An apparatus for supercritical pfocessing a workpiece comprising:

a. means for transferring the workpiece configured to transfer the
workpiece into a transfer module;

b. means for supercritical processing configured such that in operation the
means for transferring transfers the workpicce to the means for supercritical
processing and further such that in operation the means for supercritical
processing processes the workpiece; and

c. means for non-supercritical processing configured such that in

(- RN NIKV I VTR N R

operation the means for transferring transfers the workpiece to the means for
-14- -
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5 neans for transferring transfers the workpiece to the neans for
supercritical- 6 processing and further such.that in operation the means for
supercriti cHOOMI6N? ocessi ng processes the workpi ece; and FEUKRYLSES f or
non-supercritical processing . configured ch that .in 9 operation the neans
for ttfnsferring traﬂ%‘?‘%’rpgmgﬁﬁ‘?m?\sﬁi“ééﬁgmc h’é‘-"PS‘gmnéﬁmeﬁﬂfgrsheet
Has Beékn Repl aced | | héd-superctiti¢al procéssing ptdckdsed the wotkpie.01/ 46999

PCT/ US00/ 41853 10 non-supercritical processing and further such that in
operatjion the neans for 11 non-supercritical processing progesses the

wor kpi bce. 39- 30. An Apgapattsior sipercrieal Pracessing of 3 WOESSE ROPBASIE wor kpi ece
conprizding: 2 a a hand-ohdndsifbdtation; 3 b. a supercritical processing

nmodul e; coupl ed to the hang; . i Q0. 2 [Py . ir ocessi ng
nmodul ?coupl ed tB'o t he haggs-ugﬁrfmz%aia?%}log%?mégfogﬁgc@%@%@%%gfdgﬂr%@hani sm
coupl el to the Band-of f s%eanrsypercrtical progessing modylecarpledip dha hapdofifiation t o
nove tfie wor kpi ece baidveen the entrance, the 8 supercritical processing

modul eg and the gnon- SUPer gt flochAGEIHAH B Hhioft hdrohlhe biddd L 11111
7

mechanism configured to move the workpiece between the entrance, the

8 supercritical processing module, and the non-supercritical processing module.

A
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