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supercritical processing, the robot returns the workpiece to the entrance
of the transf dr, Lvodolre, PTASE, B GHPL mehiysr, AR NN SURSLEL b 58l .. Brocessi ng | s
performed bef Gi%Clh B, GBI IGEE L, MRaKE, Y, aDASS | nweﬁfggﬁ%ﬁ%ﬁwﬁ;ﬁﬁ?ﬁ g@g;;t;e Guid:
PCT/ US00/ 41§33, METHOD AND APPARATUS FOR SUPERGRY &ibiCAkIaRIXGERHACNGLl. A €
VWORKP| ECE 5l sigled £l b NYEDT N0 TNV Siloyenti on rel ates to the field of
supercritical psme&assim@=pore particularly, this invention relates to the
field of supercritical processing where a workpiece is processed in a
supercritical environment and where the workpiece is processed in a
non-supercritical 10 environnment. BACKGROUND OF THE | NVENTI ON Sem conduct or
fabrication uses photoresist in ion inplantation, etching, and other
processing steps. In the ion inplantation steps, the photoresist masks
areas of a 15 sem conductor substrate that are not inplanted with a dopant.
In the etching steps, the photoresist nasks areas of the sem conductor
substrate that are not etched. Exanples of the other processing steps

i ncl ude using the photoresist as a bl anket protective coating of a
processed wafer or the blanket protective coating of a MEMS (mcro

el ectro-nechani cal systen) device. Following the ion inplantation steps,
the photoresist exhibits a hard outer 20 crust covering a jelly-like core.
The hard outer crust leads to difficulties in a photoresist renoval.
Fol I owi ng the etching steps, remaining photoresist exhibits a hardened
character that leads to difficulties in the photoresist renoval. Foll ow ng
the etching steps, residue (photoresist residue mxed with etch residue)
coats sidewalls of etch features. Depending on a type of etching step and
material etched, the photoresist residue mxed with the etch residue 25
presents a chal |l engi ng renoval problem since the photoresist residue m xed
wth the etch residue often strongly bond to the sidewalls of the etch
features. Typically, in the prior art, the photoresist and the residue are
renoved by plasma ashing in an 02 plasma followed by cleaning in a
wet - cl ean bath. A sem conductor etching and netallization process of the
prior art is ilfustrated in block diagramformat in FIG 1. The 30

sem conductor etching and netallization process 10 includes a photoresi st
application step

robot th'e_n transfers \_.vorkpiecc from the supercritical processing module to the non-supercritical processing module. After the non-
supercn.uca.] processing, the robot returns the workpiece to the entrance of the transfer moduie. Alternatively, the non-supercritical
processing is performed before the supercritical processing.



12, a. photore5|st exposure step 14, a photoresist devel opnent st g %8 a
dlelectrlc etch step 18, an ashlng step 20, a wet cleaning sf%%ﬁ 2, ﬁnd a
nmet al depokﬁ%?%ﬁm%%ep 24. In the photoresist application sPEPUBRY/41BRE
photoresist. ig §B$$A§? a_waf er having an exposed oxide layer. In the
phot or esi st expos éB“fﬁFEfﬁBSBﬁ%F@F 4} BYOCESING QIS WaRKPECE] ght which i s
35 partially blocked by a mask: Dependi ng upon whet her the photoresist is a
positive or negative photoresist, either exposed photoresist or

non- exposed photoresist, respectively, is renoved in the photoresist

devel opment step 16 | eaving a exposed pattern on the oxide layer. In the
dielectric etch step 1 3 May 2004 WO 01/46999 PCTI USOQO' 41853 18, the
exposed pattern on the oxide layer is etched in an RIE (reactive ion etch)
process which etches the exposed pattern into the oxide layer, formng an
partially etching the photoresist. This

&1 e ’ ¥s the sidewalls of the etch features while
al so har deni ng Tltue npmltlon miats$ to tha fi bh!ﬂ)faﬁﬂmmgxcatlﬁﬁcéé&ngt h@r@%aﬁcﬁﬁﬂ? §ns

oxi di zes the

cl eani ng git?gﬂﬂ%?trbﬁ#égﬁroa&%rﬁ?{&%EE&OFCEQﬁ%éIOﬂrgé 3§S Iﬁ%gﬁ%ﬁé‘ qur IF(éeaﬁé)(ﬁoqeﬁseldHE a'
wet - ¢l ean Sﬂaﬁﬂﬁﬂtlpfﬂ ﬂpﬁé‘ﬂfmﬁlﬁlandé?ﬂm the rerigtiens i2processerkinal ndnagnpercrisicaleposi t ed
on tie wafeptirbhihkhtng the etched pattern and al so covering non-etched
regions. In subsequent processing, at |east part of the nmetal covering
non-etched regions is renoved in order to forma circuit. 10 N shi kanwa et
al. in U SACKGROUND OF,HEE,JEQE,NTISB\Ued on Jul. 31, 1990, recite a pri or

art nethod of r I | i zed. or ercriitical .
et o SR A Ao A bl B0 B0 G i e OBRe ,
cont ai ns tPhecessingisigbs-eln the ltsummlmtattqncﬂttpsg:hs photéfesist masksmege b€uni ned t| me

| aps, t h%erhidlﬂﬁﬂété@ﬁt@frat@‘ﬂ@.ﬁrafé ﬁ&t'll%ﬂan&ﬁ%mfhﬁa& LAy ﬂ%(é?émﬂg gt’gps % can be

removes the resist. q%'léawa et teac at supercri

Lsed a5 oPetarR atasks aroas e Pauicenducioretbmiedhe e 14t cichehoEREEles of fgy or
is bex posedtlien pﬁoqaastm £5t8pd incluidg Inhmg ﬂiﬁﬁgﬂ'loi:(ﬁémt Aga bﬁmkatr.ﬁd%ctimhng bLa
substrate t he e l.ace

supercriti iégaﬁtepségg&abfg{]%tﬁ : glsaé%étrﬁr AGERe Oﬁ‘ﬁ'@ W{ elestp- P’gglfql?é"r?l
condensed sYser) dgyiet eFollparing the ioh implentation steps tlmtphotarslmt eghibites hadd outerr t her
teadh t habr: SoRd o Co@nke Bbre B Hhrd’dhndr AR ekbs 452 I PP GBRRaRE added

to the supercr c | NnCr eases an ectlvene
supercrit %?V%OE liwamgtth%gtc ’lné(ﬁF(E’é»sr CRAERER Fﬂ?@'ﬂf’(t exhihits ¢ hendenedechgpacter
m nut es t thablendntd éifficulties in the photoresist removal. Following the etching steps, residue
(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
25 presents a challenging removal problem since the photoresist residue mixed with the etch
residue often strongly bond to the sidewalls 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

30 semiconductor etching and metallization process 10 includes a photoresist application step
12, a photoresist exposure step 14, a photoresist devélopment 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 negativé 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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Ni shi kawa et al. also teach that a photoresist can be renoved usi ng 64{1e ,

supercritical, CO2 and 7 % by weight of the MBK The subst r at POt he -

phot oresi st MO Y*4¥&d in the 25 supercritical CO2 and the M BICTs00@08545

m nut es. Upo ondensi ng the supercritical CO2, the photoresist has been
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5,377, 705, i ssuedn @ik rd@ft deposifSPsep b83GHedl ﬁ%&tﬁﬁé’?ofsﬁ%d 64 SR A filling the
cont am nantstf rgmtﬁaanvm%ﬁal ece. .The contam nahts_iricl ude organic,

parti cul at e,cch8d PaEm aRhIRo eQyisring pRrRiched reRONSy By BIPSANENt rogessing, at least part
prlessuri éa:a!oé thed reetal amgex\i@ﬁcﬁi-etcl@adlrégwhsiis%%oﬁéd%%%r@ﬁmﬁi BEFeui p:mp, aTh
sol ve elivery a, se r n er, and_varjous. val ves., e
punp '[& troansf ers ﬁ*@%@ma‘?{&l%mﬂ;@?%@h‘g%‘ﬂ ggfa i‘?’?@e‘gﬁ% duly 31&&(@8*@%‘% pres
the CO2 gagrirecthehelitemovingal rep@msingRiguiiigedrot sizpareriticalgis. ak dulishatesitly iat
renove the ¢omdtdRIARALSo alJrEidh ' of..t he
supercritical Cy %gd 1t ﬁg l{g ol v%%sgtégaﬁgg%&4%&f@r{gém¥? ﬁghk:cﬁ%%noﬁ%gg e\f(é%téc@l?gas‘
whil e the pddfsT RERIdeisraed timedapsgplbe Signidized or smperatical gas is mpidyexpanded May
2004 The sepdiickiremoseqie adsigs t he solvent fromthe supercritical CO2. The

condenger conden .1.he to liquid ¢ that the liquid CO2 storage
cont aiqﬁer can beﬁﬁ%&pﬁﬁ%%m@% %iﬂe t‘ﬁalsé 1 4R ﬁ‘?&%a SYRIPRET R Sni t h,
Jr. et al. PphetoresisbvA ngbsphatstwities phdatomsidt layearss dymsed asepitenatdligiahudforming

difficulti e§ﬁ@,ﬁ%&é@$ﬁi&@gﬁ&@t@wﬁk %?éBH&%%ﬁs?tf‘ag{i itljhesla{%ﬁ{ inﬁéig%{i%@ﬁ%?cgﬁnght to

appropriately for sem conductor substTate handl (g |

bl eed t he s&HEFEHice] €} baticty 39minuies. The supstcritisal ¢Q, islthemeongien®d dénvingsthst em
i s not readphtierRgfft phb®rdsit.t NIsRKERR 6L al. LG} {85EMLS0.9%, ﬂy%@eﬁ%}ﬁ?@g‘}éﬁ{ﬁr
fabri ;gtlon.lhr}g ?u%:q\@ﬁ%steg] |$ ot .conducive to safe_ ~sentconductor
subst Fat e hERatyHgo H&aR e afdad ip fhesupensritien 2z Biichdpeieasss #Bn | i ne.
Such a systientivenaspof the smyemiririial €Oy asd; teprducdserdevtbpineat 8mp HRELHSIZ0J.

What is nee b0 d AhRLRQd of devel opi ng photoresist using supercritical

carbon .di oxi de gp%roprl ate for a sem conductor fabrication line. Wuat is
needed i s a met hbishirwashel plag tashlvthet @ phaoregist erp eupmoved tsivgthesapdortical

di oxi de  ap@OQRAd ALELY Weight LML MOBRICTIY subStPitk %A 1RO phdtBEsist is placed in the
25 supercritical CO, and the MIBK for 30-45 minutes. Upon condensing the supercritical CO,,
the photoresist has been removed.

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
30 photoresist development proéess which takes 30 minutes is too inefficient. A photoresist
development or removal process which uses MIBK is not preferred because MIBX is 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 Jan, 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 liquid 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 CO, and the solvent to bleed
40 from the cleaning vessel while the pump replenishes the supercritical CO, and the solvent.
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What is needed is a supercritical processing systemwhich is configured for
handling sem conductor substrates. Wat is needed is a supercriitiMepboo4
processi ng systemin which supercritical CO2 and solvent are not
necessarily bled froma processing chanber in order to create a fluid flow
wi thin the processing chanber. Wat is needed is a supercritical processing
system wﬁeﬁeﬁ’?é@tp% sqparabeshp selventdim thsiupercrigicalCQe nh hegiondenser cangispses 4k¢ on
i ne. VWh&@O,its ligerded, scsthat the fiquidrGCO] stadagpEatffci cag bs ygilaiishalj ch provi desI
saf e sem cond : t | [ ' i1

pr acessi ng. ?ﬁﬁe%%?%%?%%%ﬁaﬂ%@%*&ﬁ%m?&?hﬁa,ggﬁ?éﬁﬁﬁﬁa%r%ﬁnﬂ@%%%@ ik
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a_deposi HeNay A€ 83fe Gudng SEREAE T SilchGRLy RN GE A regmg} aaag,tmee%eﬂubé%hgﬁt
apparatus_ whi ch C(()ﬁf}bl nes, a su erd‘cQ |,t|cacle.#>r cess an ,non- supercri al
process. TEYNRREYS § o FE“’ICRN;‘%H?‘F TIALOR g AP i NGk pAduCiyE tppgie
present semenndusior subsirate handfingwilil eldlisaorucplpa raemiconflatosfapacationtlineafuch a
processi Bg@h ienNRESRINGEA 6OMRiEHINBror SublshrA S desdimsul € having an entrance;
a supercritic agr.ocesal g rmdu%le ;Q%u‘ﬂl eg) to tget transfer modul.e, 1t he
supercritical % daSF ‘3{1 16 dFTROf RFi Ry SO RRFIRESISE X508 SUPERCTIRE 4501 he
wor kpi ecdiagids apgraprigte for e semicengictardstyication lise.non- supercritical processing
nodul e coupl eqviid i§ RRdéd ANSHhEthod B Hnvis PEARSHS usRCAPECATtal €abBh Ath:ide t he

transfer _nodul. he tr.ansf er chani sm configured to nove the workpiece
bet ween P%gﬁ%ﬁ?g‘%caes,ehl 0(@3%85&???? K ifnep_rocessi ng nodul e, and the

non- super cri t iYCkat is peeded d5p Sepereritisab prosassing wysteauwhichdp configred s heddling t he
wor kpi eceemiuhductdreubstiategul ati ng 3 3 May 2004 supercritical carbon dioxide
along the cir ‘] ' : | e [ LI,
supercritical %agﬁ%a?l@?dr? als aa‘?%gltcg ég%gé}ﬂ&%ﬁggﬁgrﬁgggs%:‘gﬁﬁ%fsw ?{éﬂtﬁ)craatlasc eor& and

ed Lempparocgysing chamber in exler bp greatssp dlyid, flow

i nvent i of°lVEHe® 1Pk nﬁ‘i"ﬁﬁ?&
wor kpi ecsvithomihe ipsocespingehantbeps of . transferring the workpiece from an
entrance of awWkANE’ GkedIW & sBfPcdhial L5BOStRE SR ewhibhenkERNEk&ignFRAY! ©
coupling_a . . e
requirements of a semiconductor fabrication line.
What is needed is a supercritical processing system which provides safe semiconductor
substrate handling.
What is needed is a supercritical processing system which provides economical
semiconductor substrate processing.
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-

supercritical process.

SUMMARY OF THE INVENTION
In accordance with one aspect of the present invention, there is provided an apparatus

for supercritical processing of a workpiece comprising: a transfer module having an entrance;
a supercritical processing module coupled to the transfer module, the supercritical processing
module having a workpiece cavity for holding the workpiece during high pressure processing;
a non-supercritical processing module coupled to the transfer module; a transfer mechanism
coupled to the transfer module, the transfer mechanism configured to move the workpiece
between the entrance, the supercritical processing module, and the non-supercritical
processing module; and a circulation line coupled to the workpiece cavity for circulating
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supercritical processing nodule to a non-supercritical processing nodul e;
transferring the workpiece to the supercritical processing nody gafiageqg a
wor kpicece cavity while maintaining the workpiece in a clean environnent;
processi ng the workpiece in the workpiece cavity in a supercritical
environnent; transferring the workpiece to the non-supercritical processing
nmodul e wisupesctifitah catben dipxidecalorg thei ciwsslafipn ding lapd threngh thsriwerkpiecp caldEsivi ag

t he wor kpiee&itidal sthi@e non-supercritical processing nodul e; and returning

t he workpi‘ece,to the entrance,of the ansfer .nodul e.. BRLEF DESCRI PT OF
THE. DRAVE NGS. B RESpranie S aPaer psor of e Fah IAVeRBphghere 15 BpOEta metheg f or
a sem confgupaeritital piasgssingna waskpibts eemprising thecsteps off transfeymigothe avarkpibes. 2
i [l ustrati@sn ar ntRine€ bf dlirafahbédidBite R tRindee fvdileOWeltRhsRr HRThIe QBEM 0L

etching _and tallization process of the present 1nvention. Fl
¥ st s af STl prick & MAARRE S R Bn-PEsBhF breslie tabdllen Fosinoing
the pred@akpipeptethy wpercEfic prodessing medule having apyarkpieeecehvity fililsnuainteining
processi g wykpRiat f achn Rheisditent] préeRbingMhe Wwoikpleck lih U Waikpfect bevity in a
preferr egléﬁe?éﬂtfcaf‘%y%ﬁmaﬁ;o?&ﬁ&%&& U&%“Jggr fect NG H{eeﬁ&%upe'réﬁﬁ%gf pidte s
illustrates a Tirst alternative se§1gon UCTOr ~proCessing *sys & & Iﬁe_
present Masalenvhigmmamfaiming the workpiese i a glegp eByiEprmens niegassiag denyverkniege ibr
processi g sysigeraitichlngropdssing thoduld) vt ieiining [ts wBrkpidcesb rthd estranct hif ke
al ternat ive sent ganduct or processing systemof the present invention. FIG
O illustrates an erghth alternati ve sem conductor processing system of the
present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A
sem cond BRIEF DHICRPITEIONDBTHEBRAWINGScess of the present invention is
1 lustrated, pag 1aublngd, f QO0RHagth ki, 3 prdSs AEW GOAIBhRIG MR

I ncl udes 32,

metal |'i zation pfocess a photéresist application step
photores?‘%‘hn@?@b@ﬂfb’ép‘é’c"éﬁ (gil}e%P‘HﬁBtt oresi st devel opnent step 36, a

di el ectric et #0Gs? dustB@es,dn blopk diaprdm dainat,enfroedss floocies s séficoaddta atading
deposi ti ISk application step 32, the

s or es ot TRt pitets el gy oot o0

FIG. 3 illustrates, in block diagram format, a supercritical removal process of the

present invention.

FIG. 4 illustrates the preferred semiconductor processing system of the present
invention.

FIG.5 illustrates the preferred semiconductor processing module of the present
invention.

FIG. 6 illustrates a first alternative semiconductor processing system of the present
invention.

FIG. 7 illustrates a second alternative semiconductor processing system of the present
invention.

FIG. 8 illustrates a third alternative semiconductor processing system of the present
invention.

FIG. 9 illustrates an eighth alternative semiconductor processing system of the present
invention.

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
step 42. In the photoresist application step 32, the photoresist is applied to a wafer having an

.



3 May 2004 exposed oxide layer. In the photoresist exposure step 34, the
phot oresist is exposed to light which is partially blocked by @1q§§§004
Dependi ng upon whet her the photoresist is a positive or negative

phot oresi st, either exposed photoresist or non-exposed photoresist,
respectively, is renoved in the photoresist developnent step 36 |eaving a
exposed paEpased wxisle layrs. bxihgephotpresist exposune sidp Sie ther photaresist is teaposed 8o lighe

exposed R@idEk PaRAlly BfocR¥d Bahd¥er is preferably etched in an RIE (reactive
ion etch) progess, whi &he cﬁgs t he eﬁgqseﬂ pattern into the_ oxide |ayer
[

. C
whil e al so patsPeidige up héhe paieIssississt Posiliyss o pegative PhotREesish§1HgE
whi ch coakpsosed @hsiogsivalor swafexpbeedgilotorésia) tospectintly] & reddovad hmrnkte phatgresize

h i itical | 0 i ti.cal b
G ox de. dotptopler AfepPHEERb b GBLHPMAR GRIBASTE: Bl BERE UL Bt "
remove t B8, {AEKpewedipstterneh theeoxideslagierds preferahly etehed indapRE (eastivetiepeth) a
metal | apficess whidBRR®ES 8% QBodedpariBinGihtd the lok M@ 1h1¢ WRliENES Patilisy &cﬁiﬂg tﬁ% SO

covering pon-etched regjons, In’ subsequent processing,. at” | east part, .
the net aPH%tBWé}SF-EE‘“ﬁcBﬁ‘?‘!é‘P%QH rP@&%Néﬂq SRS e B etch Teappsawhile

ci rcui t. abohhelenimpehcphdtoresikt. r enoval process 40 of the present invention is

provess 40 body e BpaEfited (BHbATmrdePaT 6% oloror i SARED Bl £t f BTPR ore

residue on the wafer, within a pressure chanber and sealing the pressure
chanber in a first process step 52. In a second process step 54, the
pressure chanber is pressurized with carbon dioxide until the carbon

di oxi de becones the supercritical carbon 10 dioxide (SCCQ2). In a third
process step 56, the supercritical carbon dioxide carries a solvent into
the process chanber. In a fourth process step 58, the supercritical carbon
di oxide and the solvent are maintained in contact wwth the wafer until the
photoresi st and the residue are renoved fromthe wafer. In the fourth
process step 58, the solvent at |east partially dissolves the photoresist
and the residue. In a fifth process step 60, the pressure chanber is
partially 15 exhausted. In a sixth process step 62, the wafer is rinsed: In
a seventh process step 64, the supercritical renoval process 40 ends by
depressuri zing the pressure chanber and renoving the wafer. The dielectric
etch step 38, the supercritical renoval process 40, and the netal
deposition step 42 are preferably inplenented. in a sem conductor
fabrication line by the 20 preferred sem conductor processing system of
the present invention, which is illustrated in
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FIG 4. The preferred sem conductor processing system 70 incl ?;@Sﬁ 3
transfer nodule 72, an etch nodule 74, a supercritical proce § ﬂ%ﬁule
76, an ant eWEHAH#PYP 77, an ante-chamber robot 79, a deposi tR@IUSMBELESE 78,
a transfer modul e robot 80, and control electronics 82. The transfer

modul e 72 PR '9d8R0Y$ themhploresing And e resigico de die meiak depositiometep 4k metel lper er

m)dulg ﬁS ésdapasicod caﬁhemeertmmﬁgsﬂaerewmeaiympemc{a&s:gm%ﬁng ﬁgﬂﬂéﬁtﬁ& felofon, ﬁ?d
second han irst an nd .entrance parts
56 and 98, ezlue?* BlacBie, g B S s Bpdpicol Ene R B s Sht b ST 5
t he ant e- chedepta fopm a cironif. t he deposition nodule 78 are preferably coupl ed

to the transfer THRE) &cﬂt%ayieg'f&vgﬁgr&éﬁ Yo O%P‘[ %%gégtt F{rérﬁ!no Ofﬁﬁgﬁataf) g%g bloc

84- 86, resHect i vel ﬁ e§ efera trans coup

to the tra 16 63 7 Bhe,supgiciirplapmayal precess AHageans hygHenies the waftewithr st
ang isecond thehﬂmh dyreeﬁét a&tlzhel mﬁlau% 2 thReh O withinta ﬁl@kﬂ&keeéhahfbei Af debpipsther

nodul e vi a_t [ Sst. an econ ports respectiyvel

Pr ef er abl ypregﬁu'e Fl?z}lglger%a%g%@&%&ssrfg%%?ﬁ agp&qqd(ﬂgcesg;gcp ggmthggres%

first and sgoessdritamiaeithckbon diespleamtiV teyarbbh dicxidd eabmes &ﬁtsﬁpﬁbxﬁ:ﬁcaBé’adesle

coupljed to e r e

Couraod QRO o R e 15, Bt G PSR e

(reactive Mpthe I’éﬂ‘)“ﬁ%ﬁ"&‘l‘ I fourtk preress %311)5 B tke speserivigacathes d@ﬂX!dQ sl thiegh

\éacuumt Pr edleérﬂhfe/mam_klflﬁnaﬂﬁ%hﬁabtﬁﬂltmﬁ%ﬂeﬂﬁtﬂ aleephBMt%sm fa%@ treaflsm&'@.ﬁé
eposition e refera es ver vacuum

or ultra- h%e 0V\7§§{?Whe kil Pm%e% F‘?Cf’/ssaqﬁ@ag eBh%taiE‘}@F P'I’“'éﬂ”ﬁ %Sﬁﬂ‘éﬂsart

t hat the RﬂEphgm%stendumt rlaaduezlanraetiﬁ}ap;edesbyteﬁnmaﬂhb@mairb\tbarﬁberhs

suchigs a e e 46999
pCT 0200 4 NEE R oo é%sa%:'-‘é% 2 dhe afer ) sdpell 4 £ s lPlra s %3;%
nmodul e couf¥pPeréitic a@éal ns9ceéﬁ amd@yn@pwexra@mbpmwrmmn@ercwm CVD
(chem cal mwfeldepom tion) m)dul e Moreover, it will be readily apparent
to one skilled ﬁ'ﬁ 5 ﬁeﬁart t hat referred sem conductor processing
system 70 coul dIBeEsHIFLe %ﬁ SRpereritigaldemgvalpuencas 4% and themetal

super cr i t i deflosifiop spelsireprefiavahlly émplemented\in & Bemitshduidae fElbtilﬁhﬁﬁ lihé Bathe

pie) i
oot 50 (AT AlROURBSRAg g TR BB, HRSRE TR BRENE .,
ef fect or 1BU3 CrRSﬁ@Fe‘ba@@CP@dl@meS&mg $istem ?&mh@es aruamfer madulg A2, an

robot arm et&l@&oﬂﬁlepif@ﬁ@ﬁ@é?érméil MPBeRIngGRoduP P4 aﬂrame—dﬁﬂhﬁgr PRURGR- Qﬁlb@f‘d
effector 104 {_g)ték%erobot bal?]% 0 100.. The ‘ﬁnd effect 104 °is con ur ed
(4

to pick anﬁ’bﬁ WB%E’Q et gﬁ%%’erynoq rabrk80, an control electronics 8 The

transfer module 72 includes first through third process ports, 84-86, and a transfer module

25 ent_rance 90. The transfer module entrance 90 includes first and second hand-off stations, 92
and 94, and first and second entrance ports, 96 and 98.

The etch module 74, the supercritical processing module 76 via the ante-chamber 77,
and the deposition module 78 are preferably coupled to the transfer module 72 via the first
through third process ports, 84-86, respectively. Preferably, the transfer modnle robot 80 is

30 coupled tfo the transfer module 72 at a center of the transfer module 72. The first and second
hand-off stations, 92 and 94, are coupled to the transfer module via the 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 2 PVD (physicat vapor deposition)
module. The PVD module preferably operates at very-high vacuum or ultra-high vacuum.

It will be readily apparent o 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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effector 104 is configured to pick and place the wafer. Alter@ﬁgkvsbga
end effector_104 is configured to pick and place a puck or ot

substrat e. AVPJ?ﬁ@P?ver, a dual armrobot replaces the tra®sTaistoroded e
robot 80, mher? t he dual armraqbot includes two arns and two end

_ef f ect or s. TC3&IDT 35%’}58}%3@41[%1“ BlegeletbalitheyP Wbaupduly soyld bt eerddried biynal udes a

first gate alaveivé@6posTtiv mbduls bucha | e cavity
irst gate ivE@6pos 77m e u;rﬂlt EQO@Y&C&‘Q@&IQ%&? .ﬁ?&ﬁ%uﬁ%es o

112 to th nb. refe
seco ng gate eﬁ\%ﬁovg a‘o‘ﬁﬁl bTEAdily ABREFeRtdP an% glan@{ Tdée &0 Ut s PTF?@E ed semicondusier
77 to the tpraeeskisg spgicml76 cpald HercehBgabd withijust cipcdtet inotule 7Thand Iﬂ@dﬁfp@fmﬁ’@ﬂu' e

robot £0 t rlﬁeﬂéés%?@ &l %P{N?tﬁgu%ﬁ% su@%cnt[ﬁca'inptﬁoggésinleg;rgt qf: 29 2.5%} e t%?gn 92

to the etch nmpdul é 74, reletiric e
Next, the tP¢EedP. nDduIe robot 80 transfers the wafer 118 fromthe etch

mdul e 74 to thﬂj@ﬁéﬁf&m%&og& #0fp r&fﬁﬁbguﬂagﬁégné 110884 ba%!é ?6@%5908354%%2
76. The seco %aé ﬁﬁéat ﬁo lﬁ}? ggclose ]

i s- preferabﬁ"\gaﬁ1 A4 SHEF9B ) FUPSFF 1giceunlerbto th@krﬁnSfeltlﬁ@dldﬂF%— Fhandbet arm
robot 79 t rifass preferabily avtoolpixice cebot 28n fwisith &dl@mrth@exfdmééwr 104 16 qaetﬂaeot%‘ase

30" < her f acns 0 e SRRMRIoT Al PulRu i 0 MRS kot PrtBpbRBIend

supercrit i ¢hfector ded ssszlon@gmdi ¢ pick end placdiibe wafiire %dfe&mheelyﬁhettyjd felfector 104 is
ant e- chanbebnfig@el «f Sick %‘d(f:lacé DEud Y il SRR Lse! %tee‘ﬁ?a(fi\’f@% gd?XI EC uum

t s Pre € vacuum punp co
gﬁgﬁ (n? heT Sﬁe@ﬁ&hf’g‘é% Qﬁélelrehotcﬁ%we@ﬁge qlwéarmacmtmclumweamﬂtdm
transfers the effestspl ece 118 30 fromthe superczil tical processi Zg nmodul e 76
to t d t eposition step S
por { APed  Subs iGN T icen e RGeS ehcbies A rEaBtayvalyial 06, The
wor kpi ece frg gatoralvchDormuples d epagiitdcaavitptil © Heatte-chi@baen nﬂxbé'tﬁ;l%i of f

r era

vater | 94°h£ﬁ€ére’76***‘3”é“b‘>‘“ﬁ°m“‘a°%e%§ﬁ%%§VA‘?e‘% % Reond bt VhER Y5 s

wafer is in a first cassette wt
station 92%%‘?‘0 ik eI‘i tt?g’ﬁé‘ff’éFfeh@GG‘Nénobot 80 moving 35 the wafer to

the etch nodul e Preferably, i 6ﬂerd¥ﬁnrm§@|ah§feﬁﬁg&fslgg5bgt rgr%&?g%ée% Ellée% S 51??{9}1?8 art
roc

;[Ng?ter 602& %j‘e)xaﬁf ﬁgﬂr}%ﬂﬁi'l\gg&? %%/3? 8? @1 HPYHE {4 t‘HBefﬁé"rﬁﬁéPlﬁFtBﬁ eﬁ@cﬁ%@gﬂs a

second waf perfemmddd Nesct,whe transfar meoduilgebotr §0 traasfers glewaﬂlmqm?ﬁw @tclf?ﬁlodﬁ‘l@d a
re e er

blaced by ¢ p Henectthivdl 77 ofiie SufelesIRA beboct g AT EL D, Yie SePSndjhc a2

second hané0%frngloses anl tha anteicharaberg 7tin prefierably piesparidetlivath sarbgn dioxide. Next,

Al ter nat i vitlelantd-SRmiaf fibot $9 Batdiets 2RO #EIAIME L YRBIALAER the

25 supercritical processing module 76, where the supercritical removal process 40 is performed.
Following this, the workpiece is removed from the superc'ritical processing module 76 to the
ante-chamber 77 by the ante-chamber robot 79. Next, the ante-chamber is evacuated by a
vacuum pump (not shown). Preferably, the vacuum pump comprising a turbo-pump. Then,
the second gate valve 108 opens and the transfer module robot 80 transfers the workpiece 118

30 from the supercritical processing module 76 to the deposition module 78, where the metal
deposition step 42 is performed. Subsequently, the transfer module robot 80 transfers the
workpiece 118 from the metal deposition module 78 to the second 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 second 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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begi ns. and ends in the first cassette at the first hand-off st t'oa a%
along wi'th the other wafers while a second group of wafers bé%g g ends
in the secoﬁ@ﬁ%@g@tte at the second hand-off station 94. |PYCWUBI0/418S3

readily apparent t.0 killed in the art that the second hand-off station
095 Lan’ DECEE T FA0LE BF SET GEosolit it PARMIRIT BPRO Lt P S G BbeRHatas
to the pref ehiledsewadigonpductadirs pegineasi aads fythe eevond cadstitd dtahe sdobndvhald-bef
readily appgtﬁm g40 one skilled in the art that the transfer nodul e robot
80 can be replaced by a transfer mechanismwhich is configured to transfer
t he wor kpi ece 118 Willtheaepddy apparentite bnpskilleshigithy arh s thersecand hond-ofkdtaticandd4 i n

the ars thagntdeeliinsibd amaﬁﬁiaﬁ%amaeotffﬁal&@wﬁe hiRAlo E}Eéeé}lefé& nified

o, L G Re Re Tk i h e e il
sur roundi ngarethat thertrapsfer mbtiele sohpe 80 cirt berblapedbye s sangenmedhagiskbwhich ihe

pr esent - in | er I tical roce n
modul & 76 15 é"’?ﬁ%%ﬁ% 1 Sraborb B HRbERere 08 BlyediendORRORagy npifoy R
punp 134, tHdhprithntihe f&ﬁmﬂéﬁcm@assatt@mmbc@rontqmgg wafekpodsaghiclmermploy a
circubati ONstiER] ﬂaé&lanmaﬂm@é?fa%é&ﬁiéé%t sgeiﬁat(ﬂ?é Whfeld QR bEGSaifia r%ré‘%xhgféﬁn car bon

di oxi de SUp‘?"B’é vessel I s coupl pressure cha via the

carbon di oxYOEOPHRY SEBHAGHEP™ & SHFHH “’tﬁ%‘)‘(lra%mﬁfi‘tpl ng 146. The carbon di oxi de

gi pi ng 146 i ncl uﬂmsmematrbﬂlprﬁbemgjmohﬂaﬂerof 6ﬂﬂeﬁﬁTcdeﬁﬂﬁi/aﬁldh€imeﬁ&aicb¢n EaGbon
i oxi de pu r a ressur e, chamer.

i ncl udes: an%r.glgessuﬁ nhlgzrn?t?%c %%@% %‘P&"Tlggg TGl eda i Ogt‘f%’ﬂgi)iﬂ%’]}iﬁﬁnqggoa

| ocat ed on @rkandioxide pump [13Achd pssuvhiloimbeo 36, eshemidah supple sesseld 38hanber

136 atsa C'difé'tllaﬁbh Qﬂmp'lﬁb%dlaﬁdexﬁﬂgt s&llﬁétf&%e@éél (?514 O &frb&é@rfg;ﬁ@%u%plg

chem cal sse 8 i s cou the . circul atlon I ne
cheni cal ‘%S?% lgfff’ecof?) tQuhiedress Elchﬂ'égeré:*ﬁlvﬂ%@’elcﬂﬁ QB G pHpP 15ban
rinse agenltcashml rﬂlwlgewﬂig 60 The Gjﬁlfbgmdﬁﬂuddplph@ I@Gﬁﬁﬂ!{ldﬁslawﬁrﬂdnrtﬁo%58¥ﬁdtér a
ri nse supp | udes a s ectio e
exhaust gas%gc; besieg VYglg g?rbﬂalofqéffg"?oﬁ%aé’gdi’%i"teﬁsé“%a?g'ﬁ%éighg%er 136
via ex haustprwgrcmhpmhgr B4nciuities aqaedsore aiambedeeatn 150y The ssellati@purhh 240 is

bomg di
car bogyg di Oﬂbgﬁe@mcz}c’ﬁﬂatmﬁnﬁa 1*39 ﬁﬁl’rcf?ggurﬁl Xthggr Pﬁ@é %an?b%? l%@ §{r& aﬁaﬁ%tl L

di oxi de su enent vesse

i et on Dl Shand lader ien auiend 5. M Shepucy ahPAIEoCSsah P] ieoueledfrhe

|3 8 j ?ft i OInI ineplali6s 11f1e)nm Aacvheinial supptl lind B8, AARMinSiuE ViRt ﬁlg"’élﬁ@ﬂ%ﬁin 159,
Wi eadi | are 0 one

supercriti ngfinge %% SsTiPR ap EEPQIS'FQ“PW It%g’&m\?ﬁ\%% ne i%%f’lacﬁ nr@?éﬂ?‘?%r\ﬁ“&s

filters, ari&ZuWhIChtnycluﬁﬁ@ laspsondtinjetticar munty p6 % alhe @i&nasmges collectiomivesselui4d is

processing c%ﬁﬁl%@@@the%?és@ﬁr% gﬂ‘ﬁ%& 186 @ exhaust gadPiing 14470 emeNtation of the

supercritical” renqoval met
The carbon dioxide supply vessel 132, the carbon dioxide pump 134, and the carbon

dioxide heater 148 form a carbon dioxide supply arrangement 149. The chemical supply
vessel 138, the first injection pump 159, the rinse agent supply vessel 160, and the second
injection pump 163 form a chemical and rinse agent supply arrangement 165.

30 It will be readily apparent to one skilled in the art that the supercritical processing
module 76 includes valving, control electronics, filters, and utility hookups which 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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begins with the first process step 52, in which the wafer, haviﬁg éB@h
phot oresi st or the residue 35 (or both the photoresist and t 2 e) is
inserted into the wafer cavity 112 of the pressure chanber 136 by the
ant e- chanber robot 79 and, then, the pressure chanber 136 i s seal ed by

cl osi ng t138 tg gk et etenperatyrg of Hie cabos e dBSPISswIE @wmb@h@%%b%‘tﬁﬂe
chanmber Ja%@calaempéreﬁlw rTm&umﬂ tfeﬁgeﬁarr@ma tikH AT BAP s PO HrbBfetAdBy, @ar bon

di de f t d th d st
St he Rl Saha gnpen AbxiE e B Restu B 136 inruRieeheSe 8 i Te
the pressiire. cilamively3teitenparatierbiitie tarborpdiosilaiethe pacsvee chaaberl36is 3 May
200?1&)150]{@%1&91%8%&&[%}% tofg&%lrﬁtawtg a% ttlr@@ opar bon dioxide in the pressure

cha i'S above era ure. The critical tenperature for
t he carbon di dimmerea@mm@al s-’trpef@m&bll opnditiqes, thesfimsbiniactioe pehip L AR pe@pH s

di oxi de isBlvehefrith BStcticd @u ves36l 1'3@ iNYo ted ﬁe@sufead']ﬁﬁlb&f 13@v1§tﬁe%1rcﬁﬁt1&a

Al ternatl vel er at. of t carbon di oxide in
chanber 136 152 @%ﬁ%@?% o¥ide RiwD %Fﬁ@éesé‘fﬂzﬁ Sﬁlierelﬁl aﬁfaerr ipsiedn
Upon r eaqheb tl@'dlpild)deSﬁiitels feAcs bégnmhg odaeblvém irgectionethk ipkedburk My hetpresgurpunp

38 h
or ob€ur o SeRfeaR S Bl p oo B SO0 et PR IR QbR Attt e
punp f ur tthesolpmé baibden psmphé igo ferredstiechhmben 136randidesitedsupercritidaé t hi r d

process %Bﬁﬂnéﬁs aré\tre@haf%emm Bbxide ﬁﬁ&h%‘i@& sto ig&&duﬁﬂmgttﬂ@pﬁéﬁéélfaﬁlb'ef‘ t he
pressure 10 &8 IS preferabl 8-8
a

MPa) . Onde® rtr@actéﬂmmp b9 st ?Iﬁé"%ﬂﬂ ﬁ%@ spixentipie b pRTREe ¢
pressur e apl#merculation pushpdesibegitls shiaeatiarg the @tfﬁercrﬁl@ﬁllcbafboﬁﬂﬁoﬂﬂeaﬂ(ﬂﬁé hed the

di d h 6, th
car O, O U oSN UL L RS BB B T 1
chanber 2:%)0 psaﬁ@ G2 80.21 MBla).aBy eincyating the Supiseqitica! @iaaudiexidegod the solvent,

super cri thealp efc%rxleerbaﬁro%l&ﬁd@ﬂ@mme the ﬁ@&ﬁ%@%ﬁ&ﬁh& thewaféa meﬁieﬁahst ep
58. Pref rabl pressure at_this point 1s about 2, 700-

(18.62-1 yyircﬁlpglyg twuﬁrrremaéﬁrrh@n diglde gpe Flterwlveehr tluid fow eahesepe@m&ﬁal t he
soI vent, dftﬁkq;}@tm&ﬁﬂrahﬂlﬂfe&lemdﬁéﬂmtﬂdgﬁ-ﬁfeﬂe mai ntai ns the soI vent in contact

I e e L P e e BB B R o

and t he meesieasustelf $Bnittbmativedlythe wafePisespan ithin the heswaé elnamlEr &6 dusagthe onar y
in the pregsp c%@%%@ 136 during the fourth process step 58.
AIternatlver, t he fer i.s spun withipn the pressure chanber 136 during the

fourth proces&rdy H@torsélft@rldtﬂrrereﬂ%% pasehsren remgygd divmn theavadereths psespaen
renoved fochanbértis 6Vlﬁfaﬁt1all3t a@rwsﬁmrb@v exﬁdaaﬁbge éoraaﬁf the swéﬂtﬁhi darbon

depiﬁe ssu rd'iozx(% e, l?ﬁ’e so)l(ven%J rémgxgeds pcfln?oresmt an% rembved Tesidue f% thé g}ghaugt gas collection
vessel 144 in order to return conditions in the pressure chamber 136 to near the initial

supercritical conditions in the fifth process step 60. Preferably, the pressure within the
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
30 pressure chiamber 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).
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
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. Preferably, 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

-8-
REPLACEMENT SHEET



25 di oxi de, the solvent, renoved photoresist, and renoved resi ﬂﬁ le(? L{]he
exhaust gas collection vessel 144 in order to return condi ti gn¥ay A%¢
pressure chanber 136 to near the initial supercritical conditions in the

fifth'pro p 60. Pref the pressure within the pressure
chanber @eﬁ P BEFIERbIY ﬁegﬁ %ﬁ chedh gm%&}@r&lowwa}s%ap R&oBrFE ur e
and t hen ajcapél andpkd ethﬂidlymh@uﬁarramg tmdmcqifoessthas ethedvanber 136. This

enhances a C'?gé}‘e{ apfy; he atfgylE'hElﬂ%t#g eﬂ-p?rfﬁlﬁ sgﬂg’gﬁsﬁﬁb&%@g dhfln e%ﬁl% )Jtﬂth

process step sure € Bra above
critical pravegrotent 62 eAlerdativelyy theawaler isispan wﬁhmshmprsssumamhet illﬁadurplgetb%ur e
for scar bgi(}ﬂg% és‘i.l%t 5621 070 psi (7.38 MPa). I'n the sixth process step 62,
t he secon Jhictl punp 163 punps a rinse agent from the rinse agent
suppl y vessel I8 serensh prosess skpdy the prossiye chamer 36 13 ¢rarespwEslald on | i ne

whil e 35xﬁahlgu 2R PRestin@chalfbuTp td ik emhaasguslcagectiohere%ﬁﬁwm @havdres 136
to near esir critica ons. _an circul atjon
burp 140 105 i hearg and HEUbb cffev R b B b b s P e R BNE

i n order remt7’/nse the wafer. Preferably, the rinse agent is selected from
th roup con t f.
I\/b‘raleOg pre]l‘o erab?3‘1&3}[]13[@%eg'frq?e\g%?atﬁ lreﬁ'{ogglgﬂ Jf’%g:’aeﬁq%;?{% ﬁ’ge O{MP he a?‘ HP{]@PQ E%ﬂ}%he
wat er . Puf@licwaa pytent dpsupienisiyd] of whigle predneaporated pothek watighoupretesensesUhg of
| sopr opy Taﬁ:hﬁﬁ Qﬂloatlﬂil 0o/oY, azarﬁie@&lb ekt. 26Veomol(@es! hﬁﬁ MWBICOLIS80/3 BRERLACEVENT

SHEET 3 oI S. I ected from

t he groug@%’o fwaFII?B BB%WB?Q %Tt}n?ﬂhﬁ& ’%%t@gng %I\/bst
preferab LP;pphb:itmndﬂm;cﬂ%]SS;@ltfﬂeﬁ et Nagdl, l%e{ﬁvbwhtﬂay 1ssmddensMSePatc1§ Neel d

A LB nat gy o 8 ScrE U060 BRTOS, PIiRGH bR %@&?&ﬁ@‘&aﬁi‘?ﬁﬁ%ﬁﬁqngi he
5 sixth ppddass’,dP8p(slEch provides psesiy{phUpy: BQ@Q%Ngtfe@ B4%). the pressure
chamber 136 '§L\Hﬁ;@ﬁ!@éﬁ&ﬂde@@ﬁmoﬁﬁmt&?@@%@%ﬁ@stidﬁeopmeﬁﬁdééﬁ ;ﬁmﬁbﬁis 136 to

th h t | 106 d
Lo o olitise il 16 B Pt pesn S BF POV e DR SRR aaars
robot 77 thelonteAthammbeat/7 wed ﬁwpmta:chambteafobme?ﬁ)fram the m&'@dsemicon&mtcprr esent

i nvgnti Og)t&g&usﬁge% 1@ fahfe ﬁrsft @ké@ﬁd&%@%ﬁ&%&%&é@aﬁgs sBrh ﬂﬂf gihich are

i ncor por L t'herr entiret erence: nt~ Appl i cation
09/ 697, 2 SYpereniticalPioResing. m(ziaﬂe i@@mr?falrably qorpled digscthydy tgSocPIRreeessing Nov.

1, 2000, pyhisshmudise w,btm @aoﬁmcﬂtb/tﬁé rm@cﬁq’qax‘oéb@smgﬁmm@ 76. SThusagment
Appl i cat i OenﬁrN?aItemE{tR'e sérmco dt:ltt)er%rocessmg systeln %’?Og%e supercntlcaell%rcgcsessslijnegd as Us.
Pat ent
module 76 operates between vacuum and supercritical conditions.
25 _ A second alternative semiconductor processing system of the present invention is
illustrated in FIG. 7. The second alternative semiconductor processing system 220 adds a
third hand-off station 222, a second transfer module 224, and a second transfer module robot
226 to the preferred semiconductor processing system 70. In the second altermative
semiconductor processing system 220, the third hand-off station 222 couples the transfer
30 module 72 to the second transfer module 224. The second transfer module robot 226
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 sﬁpercritical processing
module 76 is preferably coupled to the second transfer module 224, Thus, the second
alternative semiconductor processing system 220 preferably separates the supercritical
35 processing module 76 from the etch and deposition modules, 74 and 78, which operate at
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
40 illustrated in FIG. 8. The third alternative semiconductor procéssing system 200 includes the
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15 6, 306,564 on Cct. 23, 2001); and U.S. Provisional Patent A%gbbfg
60/ 047,739, filed on May 27, 1997 (which provides priority f atent
No. 6,306,564). A first alternative sem conductor processing system of the
present invention is_-illustrated in FIG 6. The first alternative

seni condubitwiergreide &4, dlae sipsicetiral pooqeasipg medwe/f, the franypr modie rabet 8¢, 208nd
t het ant ?05 ﬂ@xﬁdﬁﬁﬁerérﬁﬁﬁi przgels%ﬂhg 'fﬂc%dhl\%eﬂfgefﬁﬁ%rnﬁﬂ -sf ﬁ%@gﬁggg{shlﬁl@i&@ﬁs]si '789
system alternatl

The. - supelErEHE Ao BB R HOHER BoT6e; SopF LR BPABIe EELiSFREE UPREL y o
t he seco ?meﬁmdﬂgsdeﬂg:l frpmrthe guprdnsidtiagwéan atch purdnid, 8 phpeigd] edpdrmilegdéuamn
SUPeGCr | alicDE ORGSOl I B nod M dlbecbifint bl 2L AR

sem Conductor processl ng su er pt’oce55| ng nodul e
76 oper at mclmqnéghnarmugmr@dulesmph;crt@hthogr@a}hy modidﬂ,tancﬁshmgz&dules esombbing

al ternatiyg §ﬁ”&&%ﬁdiﬁér%1nﬁ!oﬁ&ﬁ‘c’i&‘ﬁ?9ce§éiﬁéﬁ{&9fe the present invention is
Illustrated in_Fl Upg he .second nzlilternat I ve sem conduct or processing

system 220 add¥ afoufthiaftamatiyrisegrieondpclpr Bircessig systemod By RIPSERS IVENt RS fiice
224, and aammmmﬁlﬂer mlsfme pm&wdaerr@@mﬁuctaﬁlﬁob@sﬁlgeyspmﬁerm fet c@emsamnduct or

Py o ooRaeRL AT AL fest Pod AEoRERANCEUAELNTG 451 o6 S ROR R IBLBSRRE '
72 to t heRethen it transfes mdulnﬁimp@r@mt affimspRertgrdsstiresnrsit eshgtﬁqmmavw obot 226
pref er abl gregs‘%&é fi‘:‘fﬁw’e@o% %uﬁgﬁlﬂﬂﬁig éﬂmﬁfn tbmyhfﬂ sﬁgét p[o-gnﬁle = ansg“' e 74

and t he deposition /8 are cou 0 th nmodul e

72 while Pwéu%qsl&éfr@rmm 5%@‘1 mﬁﬁ%@bﬁf’éﬁnﬂame% én%gqsgms?t&r%gw@ﬁawp@a to
the secongy ﬁkﬁ{g@ﬁ %gg%rww FC%Z& N;[ s thett%’@s&?ﬁﬁl&dleaﬂzt qr}ﬁ@ét dsif@s & ehs@nduct or
ro ssin st em refer ra u i ti roc ssmg
oddre 7oTPPERENE B RR M s eE g Aot £gr B RSai paditia it oBpBRaL o
vacuum IatVtahmsnway a process cl eanl I ness is enhanced Alternatively, in

the second al hef@psiie t@r@%}ﬁ&@g&lﬁﬁcﬁr rﬁe@ﬁlﬁé%’g&% §§'tﬁ{f @fE?%‘% nyvedgbPur th

hand-off station is a t ween nodu and the second

transfer FBIFRES Siofransfer odnleai2 of thetonyh alemaid srgtie B lupPERRSESAg S¥sfeilem of
the pr ez eﬁ%thb mrmntbmatwéseﬁﬁccbﬂdhu% g@b@délﬂggsyﬁbﬁ, th@ trahérer ilgkLadAﬁld réddtepnat i vg

0 C n I N ugaes
Vay 28004 Tt BBOFR AL R0 SEL Rl o Pk pEER e el B g otar L o1 e
tr ansf er steliorise92 aigb®4, 86d thmretch modida 74,the superdritical prpcassieg siadglerfsg andth202.
The non-siyglfioh diie i QREARE f[fggéjﬁgm'ascovgﬁlgé &%%%%v?aea%g‘tﬁfggggﬁw

processi ng e.sem con r” processin
sel ect ed Tp8we(’Re group consisting of an etch nodul e, a physical vapor

deposi tion A sixth alternative semiconductor processing system of the present invention adds an

25 inspection station to the preferred semiconductor processing system 70. In the sixth
alternative semiconductor processing system, the workpiece 118 is transferred to the
inspection station prior to being transferred to the deposition module 78. At the inspection
station, an inspection of the workpieces 118 ensures that the photoresist and the residue have
been removed from the workpieces. Preferably, the inspection station uses spectroscopy to

30 inspect the workpieces. Alternatively, the inspection station is incorporated within the
supercritical processing module 76.

Alternatively, in operation of the sixth alternative semiconductor processing system,
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

35 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.

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

40 entrance to fhe transfer module 72 and the first and second cassettes are located away from
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5 nodul e, a chem cal vapor deposition nodule, an electroplati wa&f a
chem cal nechanical planarization nodule, a photolithography an
ashing nodul e, a scrubbing nodule, and an other seniconductor processing

oresent R ERt FReop RLATHA R G b Pl oD B conduct or

pr ocessi ngnfigiatda MOve the wafers fomathe dratassdil: tvaka iyt Bad-dffietafién 82 asahid second

hand- of f §St03;r%fgg%v c%%ﬁgﬂrgd X % e%a% I3 551%9’1 e R0ont 330N 8%?&1101182&??{ pot he

transfer tes & eric pressure or at sitive
pressuresﬁ@lﬂdtcﬁf&ﬁéﬁ@o t he surroundl ng enV| ronrrent where the sli ght positive

pressure is M&gﬁtﬁf&h@bﬁa% éeﬁﬁé&ndﬁ@t%r ﬂtﬂ&b&@ﬁlg%?stélﬁé @f‘&@'ﬁ%&[mt 1ﬁ%t1bﬂ?sr t gas

Inj ectlon arrangerrent In an Ig(f , , into
the trandbwstrafpgdn o T 1&hth§%we %tqzmé%éﬁmws}spb%@s%qm@ssw r onnent
W t hi n t h@tetnaansirafsforpeidute 712 anfl atrhleotttfaamia&r nodul e i s not operat ed at

vacuum A fifth al ﬁhe pat i.ve sem c uct or ocetSS| gqlﬁ%ﬁrﬁ [tn of litl esent
i nvention el it REBPALCHREYY Fopige e HHHCESS2 B Pt TR 4P ERP Y

sem conduefarorisntition sicabamyrs tete praferredwenfiédndhctat procesaing spstemfilc 6?r1nd u ct or

pr ogessi %féryo'?‘rfeﬁﬁhoﬁ 'ﬁi%cﬁ Bﬁént@%a@%a%{ a‘&@ﬁﬁin@q 01 $1a2Q 6@5?%\{" {hQIbOt that

i's configured to npve eces tween .t rst an secon Rand- of
stations or@Qtatl%HlthoraﬁéFf?rH@Ye% RV ais atipraenteqd atdhesfinst bandeoff statien 9% oc eSSI ng

nodul e 76&1te&ﬁui1v%1y§thedﬂfﬁﬁs btiefted@mdhid €cdid M&rfdhﬁﬂﬁta‘@ﬁﬂ@ﬂf itting froma

' i ff f | i
S Cond et or B ABE Rl e SndrBfids) BRRES e tafile 5t b nrel B oias ' Ve
i nspect i dine messrechamder hiH gndegfate vadek Hérwﬁnmdalbﬁxmtwprpmmwhgnhgtstmm 70. In
theysi xt gueﬁag\eaﬂ@weecmpwmm CRESRFSSHEE SYS Bt ARCkRl 252 112

is transferre the 1 nspecti‘on station _prior to the
deposi t i G dthechpmbenlousmg CORPHESS %'hnd%ttaé?w@w whigh 18@5@@% jtobptipm.¢ Hee

wor kpi Sc]@drh&tﬁc@ aﬁuw@afemlatetnhsc@{ﬂgh&rb des is&dl a@ﬂﬂstttﬂilﬂélfaﬁﬂieﬂu@sﬂigv&lts@@@m
renoved fyrom efera ction tion uses
spect r 0s &8s hflgn?g%mﬂg'p fP¥R o%lﬁ‘ﬁf‘tlggiééﬁacﬂfl%iﬁe:"fy%hﬁf (i g ection
st ati on ipatem c"Eirepoﬂ?athedra\Amlh drivetheates platsnoné ves opivardrand esals mithribeichambes .
Al tgy nat inggdide. oace%@ wfér Qée tcﬂ?sce%éeat tﬁseﬁy&%ﬁgay HM@ex?&&HFeﬁgB%% Riwered

processi ng, system he vvor pi e Is transferred to t I nspect 1 on
station &PﬁlgE?tW%felflls&%entaWéyetch module 74 if it is anticipated that the

pﬂot ores 11 st va techid Elterfiive sOpa@Hfiiatprotessil dndhcfuld &f thé prRét ¢hRatiedp Ia?s%t d35
LRE g R ey e i T
renoval pfteesderk@vity 112 bed placgspadlteratevartichata tbp ceted ofdhs eafer omdiyct1@r
Pr ogessi Age SHShEN Ghickd e BIESEMY cbiSLd BMnf2808e supercritical carbon dioxide in a
plane defined by the wafer cavity 112. Preferably, the alternative inlets are angled with
respect to a radius of the wafer cavity 112 so that in operation the alternative inlets and the
alternative outlet create a vortex within the wafer cavity 112.
It will be readily apparent to one skilled in the art that other various modifications
30 may be made to the preferred embodiment without departing from the spirit and scope of the
invention as defined by the appended claims.
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a front-end robot to the preferred semi conductor processing systm?@. I n
the seventh alternative sem conductor processing system the f rioMey ehed
robot resides outside of the 40 entrance to the transfer nodule 72 and the
first and second cassettes are |ocated away from -10- REPLACEMENT SHEET 3
May 2004 the first and second hand-oféLgpﬂtSi ons, 92 and 94. The front-end
robot is preferably configured to nove e wafers fromthe first cassette
to the first hand-off station 92 and is also preferably configured to nove
the wafer;s fromth 5 s i O : ssette. 5
An ei ghtﬁ'al t er nat ?ﬁl’zﬁ’i’g}}‘ﬁq‘érgﬁﬂuﬁ%&t‘%g’é‘%@g?‘ﬁ O%s@)g{()e Ie%gst gs% esent
invention is &l ustrat@drapgfermgdlulg having apegtiatiseseni conduct or processi ng
systeg 210 compri ses anas%b&%ﬁﬂ@atl?\f@cefsﬁaﬁmme@&gﬁ&i liheaRthsftr mdhRle, HhECK
214. An ninth alternative Sem conductor Pprocessing systemo tﬁe E)r.esent :
i nvention adds a WapEFritisel @Racsesing madulea ATdng 3o WOH@IgsEesavity ofgr bolding the

sem conduct or pr oCe&SkplSceSdting MigtOpressif: prfced@hgr orientation mechani sm
orients the wafer according to a.f a notc an other orientation

] at [ h, or
i ndi cator. Préferably, BfenwPEPTical procesingmedule papled withsmefamodieit i on
92. Alternatigvely, theangh®feri meflidn@ni @Qupled toetheerandernandumRf fths trahifep
94. A.first alternati ﬁe.super riti.cal processin m)dutl)e of the present
i nveh?Pi on repl aces MEARIPRe edh ve 185 WRAGPLREE PSFAFS A SniiARas. dhe

al ternative pressukgptitifakprocddithg rhbdlb,t RIANAE invB-sRp@ &L pedtREENST module;
conprises a chanbere‘;‘uousi ng and a hydraulicly driven wafer platen. The

chanber housing co ises a cylindrical cavity which is open at its bottom
The hydrauliely drivenawei®idatiphalie® doaplednfo ghe edbrksieseahviagdbineirchlatng

chanber housing outside.of. the cylindrical cavity..|.n erati.o t he fer
o bl aced on the hyueftel Laffony Yot afdhe, R cirCuplign e, dni Hirabalf S
drivéh wafer plat ewarkpies capitpich supdresidiablstate.t h t he chanber 20 housi ng.
Once the wafer has been processed. the hydraulicly driven wafer platen is

| overed and the wafer is taken away. A second alternative supercritical
processi @g nodul e dhet dmaptess ehtclaimy dntwiareipl theesntravict eohdltd wansfat encdulor

the circul ati i 1 r the wafer cavity 112 at a circunference
SBmpliBR e off SRR

of the wafer c aces an alternative outlet at a top center of
the wafer cavity 112. 25 The alternative inlets are preferably configured

to ipject the supergrihi 5% RAA Ak thdlerfranBl eﬁgﬁ 'Vsmfét?gnéwéﬂﬁth\é@f er

cavity 112. Preferably, the alternative inlets are an respect to
a radius of tkempsesanadditiopal hapd-of stdi®n. i n operation the al ternative
inlets and the

4. The apparatus of claim 1, wherein the transfer module operates in vacuum and

®

further wherein the entrance of the transfer module comprises a loadlock.
25
5. The apparatus of claim 4, wherein the entrance of the transfer module further

comprises an additional loadlock.

6. The apparatus of claim 1, wherein the non-supercritical processing module

30 comprises a semiconductor processing module.

7. The apparatus of claim 6, wherein the semiconductor processing module is
selected from the group consisting of an etch module, a physical vapor deposition
module, a chemical vapor deposition module, an electroplating module, a chemical

35 mechanical planarization module, a photolithography module, and an other

semiconductor processing module.
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alternative outlet create a vortex within the wafer cavity 112. It w. | be
readily apparent to one skilled in the art that other various medVipy 2894 ons
30 nmaybe made to the preferred enbodi mrent without departing fromthe spirit
and scope of the invention as defined by the appended clains. -11-
REPLACEMENT SHEET %&%ﬁ&gélo%ﬁi% wherbl tﬁ‘é’t@ﬁ{si’érgﬁech%ﬁ%;ﬁ‘é%hﬁ&ésté BBbt.
processi ng of a workpiece conprisiing: a. a transfer nodul'e Hhaving an
‘entrance; 5 b. a supercritical processing nodule coupled to the transfer.

modul e, bhe  Super Ghb bR A BIWHBAM e AUl AodlRE tBpASesCR blrbilaf O
hol di ng the workpiece during high pressure processing;, c. a

non- super cri t Ferflgusttivsessi ng nodul e coupled to the transfer nodule; d. a
trans§er mechani smcoupled to the transfer nodule, the transfer 10
nechanis?bconfigurgg to nove the workpiece between the entrance, tpe 15
supercri tPcal procd88iaRBHAl ffeclaighd: trheretp the EPIPHises 2 srpEal Sobply the
modul e; and eentmal eobototabiing al denter obthplcadulbocdafigusmiokpi ece cavity for
circulating supercritical carbon dioxide along the circulati-on Iine and
through the workpiece cavity in a supercritical state. 2. The apparatus of
claim 1, hherei n t Ake apprrafiseoioflaithed.t wherste thentansfer medwer ¢oseprisgs tafraclof f
stati@n. 20 3conffRrapparatus of claim2, wherein the entrance of the
transfer nodule further conprises an additional hand-off station. 4. The
apparatus of claim1l1l, wherein the transfer nodul e operates in vacuum and
further Wherein th&henppaains offclditnel t, rwireséiarthernchit @ompripesi & @acled whd, vl .
25 5. The app !ﬁ?m , yvﬂﬁ,r I entLaNG: e r ul e
further com?r%%{gg%gﬁgtézg | |(§1%at{l ogg}:%héﬂ&tg.{l he aghgéaéﬁ%smgpﬂ%ﬁg%ﬂl qﬁ)éj
wher ei n t he n8w-tiagkén exder jogachihe sersserifirahprogessinggno the yop supercritical

sem gHnduct or pRIceHaHShOA ORI along the track. '

13. The apparatus of claim 8, wherein the robot comprises an extendable arm and
an end effector.

20 14, The apparatus of claim 13, wherein the robot further comprises an additional
arm and an additional end effector.

15. The apparatus of claim 1, wherein the first supercritical processing module
comprises a pressure vessel.
25
16. The apparatus of claim 15, wherein the pressure vessel comprises the
workpiece cavity and a pressure vessel entrance, the pressure vessel entrance
providing ingress and egress for the workpiece.
30 17 The apparatus of claim 16, wherein the transfer mechanism is configured to
place the workpiece in the workpiece cavity.
18. The apparatus of claim 16, further comprising an ante-chamber coupling the
transfer module and the supercritical processing module.
35
19. The apparatus of claim 1, further comprising means for pressurizing the

supercritical processing module.
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7. The apparatus of claim®6, wherein the sem conductor processi %g%ogﬁ6e i's
sel ected fromthe group consisting of an etch nodul e, a physical

deposition nodule, a chenmical vapor deposition nodule, an el ect ropI ating
nodul e, a chenical 35 nechanical planarizati on nodul e, a photolithography

rodul & 9d an ot N BEFEATALR 197 FHESH 18 IBANIfr pickluribodiiesty

The apparatus of cla ein the tran ani m conprr ses
9. The appar alf¥ P}FSS@FI&W& gonfigpgatian ﬁ"l’flﬁbc?mﬁlﬁ%eﬁeﬁf Clacwpelycenspeli wupled to 2

circular conbugipritloR. cobplé@to ﬂih@up@aai@l gﬁac@@‘snfglmm& wherein the robot
conprises a central robot, the central t occupying a center of the

circul ar configuration. 11. The appar at us of claim8, wherein the transfer

nodul & cabprises aTheapparathdof clainh Y8y fatth@rconipisingeeamp far hlise, tie mbaisTod 1,
wherein the rgbet co tracked robot. the tracked robot conprising

the robot coupfEYee g%{’{estgé?f B HCPHE VIR SDEASE roves along the track in

order to reach the supercritical proceSS|ng nodul e and the non

supercri thcal th kK. 13. .The

appar at €20t ol a mige aenarBf oT PR FonBiRhie Frbld AdRus iRk et an
end eff ect or. f@@Praduciighevapparwithis tief trarsfir motidle. wher ei n t he robot furt her
conpghses an additional armand an additional end effector. 15. The

apparatus of claim1, wherein the first supercritical processing nodule
conpri seg3a pressurlbeappaatns oPgaing 1, Whercinghairansier médudé firthed Sgmpiines sicans he

pressure vessegl, rﬁﬁiﬁ%ﬂlﬁg 3 432 ure W P SEFerGAYd é/ c d){oe[?esél 1%{\%5@%5%1

entrance, the pressure entrance  provi gress an egr ess

t he wor kpi ecerel@weﬂvaﬂmeu@bwma@mn@m claim 16 vvherel n the transfer
mechanismis configured to place the workpiece in the workpiece cavity.
18. The apparatus of claim 16, further conprising an_ante-chanber couPI i ng
the 13randfer nodullée Appaehe of gaim 23+ Phaieup thscmsansnfpr rpaigiaining the positiv

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

25, The apparatus of claim 1, further comprising means for controlling such that
the means for controlling directs the transfer mechanism to move the workpiece.

20

26. A method of supercritical processing a workpiece comprising the steps of:

a. transferring the workpiece from an entrance of a transfer module into
the transfer module, the transfer module coupling a supercritical processing
module to a non-supercritical processing module;

25 b. transferring the workpiece to the supercritical processing module
having a workpiece cavity while maintaining the workpiece in a clean
environment;

c. processing the workpiece in the workpiece cavity in a supercritical
environment;

30 d. transferring the workpiece to the non-supercritical processing module
while maintaining the workpiece in a clean environment;

e. processing the workpiece in the non-supercritical processing module;

and
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35 19. The apparatus of claim11, further conprising neans for pressurjzjng
the supercritical processing nodule. - 13 3 May 2004 20. The §§§§¥ééé of
claim19, wherein the means for pressurizing conprises a CO2 pressuri zing
configuration which conprises a CO2 supply vessel coupled to a punp which
is coupled to the supercritical processing nodule. 5 21. The apparatus of
claim 18, further conprising neans for sealing, the neans for sealing
operabl e to séal the preeivumng the sogipieastip thecantrapce of thetrapsfrimaedide.of ¢l ai m
1, wherein the transfer nodule further conprises neans for producing a
vacuumwi thin the transfer nodule. 10 23. The apparatus of claim 1, wherein
the trandfer nodul dbe methnsrofetnipios vheieknths enfragice gf thetteanafenmogdulgcenwises i n
the transfer pgodid-8acenbhoured to be a positive pressure relative to a
surroundi ng environnment. 15 24. The apparatus of claim 23, wherein the
means for maintaining the positive pressure in the transfer nodule
conprisegn inert gag mdth®Fbf ARindRY2RUERRNhe chfranctst MBRAMSEH ddlleChugha: 1,
further conprising neana,ﬁor %ggér | ing such that the neans for
control | ing depBetsesapadditignalmand- Wflsm to nove the workpiece. 20 26. A
met hod of supercritical processing a workpiece conprising the steps of: a.
transferrjng the kpi ece, from nt.rance of. a transfer dule intp, the
transfor 2odul e, t G PTGk olclafiscAh Eirthsh EPARSiag Ui sikncaticircllgfng Seeprticn
nodul e to a neabewpHoLide tdle® aptieasaionNGineTdidl eiroddh he toakisib® chvify e

wor kpi ece to the s%ﬁ%f§%itical processi ng nodul e having a workpiece cavity
whi | e mai nt ai ARG Pkpiece in a clean environment; c. processing the
wor kpi ece in the workpiece cavity in a supercritical environnent; 30 d.
transferring the workpiece to the non-supercritical processing nodul e

whi | e mai ntaining the workpiece in a clean environnent; e. processing the
wor kpi ece in the non-supercritical processing nodul e;
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and 3 May 2004 f. returning the workpiece to the entrance of 2131@ éﬁg fer
nodul e. 27. The nethod of claim26, wherein the entrance of t ¥

nodul e conprises a hand-off station. 28. The nethod of claim 27, vvherel n
the entrance of the transfer nodul e further rises an additional
hand-of f station. 29. The @BEEWT@FQHE@§CE£§WR& conprising the step
of circulating supercritical carbon dioxide along a C|rculat|on i ne and

t hrough the workpi ece cavity supercritical state. May 2004 ABSTRACT
OF THE DI sc:Loéwpmt%&aw?%ﬂ?%rpr%q&b%?&:wdmoeaﬁupﬁ%wé BFaGsSHELT 2

non- s upervﬁ:rrk;hec:eaiorrmrmem&m’sgarmioﬁle mﬂﬂemrﬁmal proogesing @sodald, panskeperonitibal e, a

Zﬁge;C; B%Jhcc%lssgﬁ% &l.glﬁ,!safrﬁe anggo %’he%‘aﬂ H@lﬁé ﬁ{ch{deg %JL ent éé e’fﬁé gLc ﬂbﬁle

A Rddul'e |nc s an entrance. supe I cal
processi mpgooessing moduid anmélenmn-sspepremmail procadsmgrrm@hé@am gomni@rhtoethatr@naf@upl ed

tot e ARG T THIRGH G, legﬁga%gmtﬂe fh%rtﬁaﬁéﬁér 1&8&6’1& eﬂ} WekdtldR, BSoddtanst er

nodu . I'no eratlon trans ers a Wor Kpl ece romt e entrance of
the t ranéﬁ’d@$ Wcm«préple@e fra. theiprirames of ha fransfgrapedilalp thesnpraiticak prapessing
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