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< (57} Abstract: A method of depositing a metal film on a substrate includes a supercritical preclean step, a supercritical desorb step,
and a metal deposition step. Preferably, the preciean step comprises maintaining supercritical carbon dioxide and a chelating agent in
QL contact with the substrate in order to remove an oxide layer from a metal surface of the substrate, More preferably, the preclean step
NS comprises maintaining the sapercritical carbon dioxide, the chelating agent, and an acid in contact with the substrate, Alternatively,
the preclean step comprises maintaining the supercritical carbon dioxide and an amine in contact with the oxide layer. The desorb
step comprises maintaining supercritical carbon dioxide in contact with the substrate in order to remove adsorbed material from the
“~ substrate. The metal deposition step then deposits the metal film on the substrate without exposing the substrate to an oxidizing
material which oxidizes the metal surface of the precleaned substrate and without exposing the substrate to a nonvolatile adsorbing
material which adserbs to the substrate. An apparatus for depositing the metal film on a substrate includes a transfer module, a
supercritical processing module, a vacuum module, and a metal deposition medule. The supercritical processing module is coupled
to the transfer module. The vacuum module couples the metal deposition module to the transfer module. In operation, the apparatus
for depositing the metal flm performs the supercritical preclean step, the supercritical desorb step, and the metal deposition step.
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nmet hod of depositing a netal filmon a substrate includes a supercrltlcal
precl ean ﬁt@ kmaw$upém@f®m@mmﬂbmﬁe&@tb@&tep, and a netal deposition step.
Preferabl ? g?@ ﬁ“@?ﬁgﬁ&ﬁﬁ%ﬁ#%@s mei nt ai ni ng supercritical carbon

di oxi de a G Lo e Ry 4GERE“Fn  contact with the substrate in order to
renove an OXIde | ayer froma netal surface of the substrate. Mre
preferably, the preclean step conprises nmaintaining the supercritical
carbon di oxi de, the chelating agent, and an acid in contact with the
substrate. Alternatively, the preclean step conprises nmaintaining the
supercritical carbon dioxide and an amine in contact with the oxide |ayer.
The desorb step conprises maintaining supercritical carbon dioxide in
contact with the substrate in order to renove adsorbed material fromthe
substrate. The netal deposition step then deposits the netal filmon the
substrate wi thout exposing the substrate to an oxidizing nmaterial which
oxi di zes the netal surface of the precleaned substrate and w thout exposing
the substrate to a nonvol atile adsorbing nmaterial which adsorbs to the
substrate. An apparatus for depositing the netal filmon a substrate

i ncludes a transfer nodule, a supercritical processing nodule, a vacuum
nodul e, and a netal deposition nodule. The supercritical processing nodul e
is coupled to the transfer nodule. The vacuum nodul e coupl es the netal
deposition nodule to the transfer nodule. In operation, the apparatus for
depositing the nmetal film perforns the supercritical preclean step, the
supercritical desorb step, and the netal deposition step. 19 August 2004 WO
01/82368 A2 111~ HUELEEEETEHILD THT22i[iflf2222 [IHIMTiiiHITRITLILP
1l For two-letter codes and ot her abbreviations, refer to the "CGuid- ance
Not es on Codes and Abbrevi ati ons"appeari ngat the begi n- ning of each
regul ar issue of the PCT Gazette. 19 August 2004 WO 01/82368 PCT/ USOL/ 13278
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20 25 30 35 RELATED APPLI CATI ONS Thi s application clains pr nggby f@@ﬁn u. S
Provi si onal Patent Application No. 60/199,580 filed on Apr. 5‘ 5 323 ,
which is incorporated by reference. FIELD OF THE | NVENTI ON Thi s invention

relates to the field of deposition of filnms. More partic IS
i nvention rBPAES% o the field of deposition of filns ontu%&réb%)yb%%gr]ate

where a prior processyRghBROF DEPOREPINIS SATPADFIRM RNEC! eaning of the
substrate. BACKGROUNRIfFA T HEAOSNENINGY. U PER TOED INCLYDING! filmin

sem conduct or processSUPERCRITICATDR EENGEIRANING MOPVEEcan steps prior to
the deposition of the netal film The desorb and preclean steps assure

good adhesi oppphThPeap®uehTidign to a substrate and al so provides better

contact resistance between a, substrat . and t tal .fil In the
prior art, the deSHS BPREFHEIFN ClAHBS RFoELY t&gﬁﬂ?é’ﬁ?wgﬁr@??ﬁgﬁmggtw 5 of the
metal fil m t aveopizdddedrt Apm23 2000 sthanh is modrperated yateferhrcesubst rate i s not
exp9sed to atnosphere between the desorb or preclean steps and the

deposition of_the netal E|!ﬂ The desorb step of the prior art heats the
substrate un to degas the substrate. By heating the
substrate under VEdsinventivatraatesto tadEd bledtpositiontad il r Magreepagiculady substrat e
or absorbed wit Bl bl &1R408 tHedlefi FdBpdsRITRGE Hirky G 4 hi®strashsiék abpgor Typi cal

process conditions I ncl ugﬁ vacuym of 18- 3.Tor, e %i her vacuum and
t enper at ur e WOFIFFIAS FRR IF° @se‘%écfr BB 6 BHeleAE EHeEHREPET 'y, hi gher
tenperatures are enployed in order to mnimze process tinmes, which for
the higher t gm@m oPTERIRVENGtbNM W thin the range of 30 and 60 s. The
precl ean step o e prior art, fgx oses. t hc@ [subst rate Lo 1jeon ets)(agstg rdment in
what is often refRfRO&YOR 8 HR2ety CEPCRRCHpPEET 8 AR O THEEHE" SPUtt er - et ch
precl ean, ar gaipredlensiephpitrogthn depnsision b the metal &irs., Ty desonbeand piepleatat i on
thereof, andggleclihORsdaRdHR of Ble 3R Al £ Ribbesb A igsoprovadsaegerof t he
substrate to sputter a a thi qﬁ#r er agf tﬂﬁte%Lgi . Typically, in the
seh? conduct ofOMRCHEEISENGEeERR B F L %énéef PP lsHE ™ he” deposition of the
metal film The elchd priprstighe dasoripestepr bpprecisamsied, vpdithhdenssitionofhe  substrate
to an gnder :c )ﬂeﬁgﬁ#?i?%aﬁé pla@Giihin AERuGEr ttbﬂl%olQﬁa@ meﬁﬁlgsﬁtﬁﬁﬁs neétix F@h@ for rrf on an
exposed surface e ung]er% | met.al | ayer e_.via:hol e ﬁ o]
exposur e of EFSSPRERREPYSE & o5 orb ARSI ieP s B deaogron priie pEaL il
attenpts to etch Hwalesarhetepsf e prierad hanlp theén’gﬁtﬂaten@d¢Fe/§F%1ﬂa@F¢eé fo ashi ng and
‘fgﬁ% C'Tean' ngd%ggbﬁlewmr&ter B%@Aeﬁing Ert%%h@sml te ﬁnf}lxﬁalém mia@GHal 4R6rbad d6akelu ][n 01;]
" orr or er. . vacuum articul.a eposi ti gcess of the
prior art d eﬂ.géa?ff g{ tge ﬂ.g)ﬁtﬁtee?r qng(fréﬁd withif the'Sibstrate Ardremoved trom 2
substrate, Typical process conditions include vacuum of 10° Torr or higher vacuum,
and temperature within the range of 200 and 400 °C. Generally, higher temperatures
are employed in order to minimize process times, which for the higher temperatures
25 are generally within the range of 30 and 60 s.
* The preclean step, of the prior art exposes the substrate to ion bombardment in
what is often referred to as a sputter-etch preclean. In the sputter-etch preclean, argon
ions, hydrogen ions, helium ions, or some combination thereof, and electrons form a
plasma, which bombards a surface of the substrate to sputier away a thin layer of
30 material. Typically, in the semiconductor processing, an etching step precedes the
deposition of the metal film. The etching step forms trenches and via holes in the
substrate to an underlying metal layer. After the etching step, an oxide forms on an
exposed surface of the underlying metal layer at the via holes due to exposure of the
substrate to atmosphere. The sputter-etch preclean attempts to etch away the oxide
35 and any remaining residue after ashing and wet cleaning. The sputter-etch preclean
typically requires a vacuum of 10 Torr or higher vacuum.
A particular metal deposition process of the prior art deposits a barrier metal
layer and a copper seed layer onto a semiconductor substrate forming contacts with an
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| ayer and a copper seed |layer onto a sem conductor substrat )
contacts with an -1 19 August 2004 5 10 15 20 25 30 35 40 W B30 28

PCT/ US01/13278 underlying copper layer at the via holes. In the etching
step, the via holes are forned through silicon dioxide and silicon nitride
|l ayers to tWRORHS: | yi ng copper layer. In another etchi i§T&SBIH6E t he

prior art, tdﬁﬁ%fY}iriT% %@Pgﬁ?%g & éﬁﬁiﬂﬁ&lgé. o kiR WickirGisRb b ViatholeFBlcgbrntlis such as

a pol yner-base it 3l S fl'uorine. or carbon t ides. Aft
the et chi ng Bioagh sepnsiierdeent slicepBe{EH t%fheflﬁ‘ée% ! 3’:031'??? Or)‘(g" Slsasrra o
ashing st emnather dchisg stel efaini pripr stt.ape subsibware fainky inrlewsudiclptine or esi st
phat or esi st @ﬁéﬂia‘?&é&ch@@é’p% GlbaSRshALRId £8 Hubshd B a&bbRborRANAg badest 0 t he

surface of the substrate | eaving a ..thin copper. oxi de | ayer on the
under | yi ng o@ﬁ%é‘?eqt%{wéﬁr“%anflﬁ%fo(ﬁtbe %’&Pﬁg‘?r’ ef*ﬂ%" 'ﬁgtgloff‘lﬂ" 29182 87" "¥he prior art
renoves the gigpiaatiaatet aldaomgdrech substirtellpembae phovdresidtephotoesist wesidue, Thik

sput t er - et ch, pr egh eAD, fEIOYES) LASHEARPEE s Rab08r thedBberath hili IBavidden Vi @ hol es

and renpbves an expost t bstr at . [ .
T Yo P R S P S B e oy

Subsequent | ystepas tied iz tuo pinadviesite statepial adepbesi tb sheanrfaatdif thesubitragodper | ayer
on, .t he cop pegpgﬁe%%gch}p@y&e{m r&ﬁ@e?hﬁ %E%r &0 12 Wil tRE 1i@hoRE hnd BRbuges a

handof f st at i ront transfer ule, a ck transfer dul e, a degas
modul e, a spARexBeseR{AYAT FfdkAA %‘raé?rf&}rr%“'%@’tgeﬂw ""{’18 8%&”‘33’14“}?65\3{;&5 e fron%J
transfer nodigpesiict tdllosles batheicoper seald tayer. Bubsehuarkly, anrclastrppintinggttnl e i ncl udes

a second rob . e : - hare et 8 e
modul e by a ?%%Qﬁg%@&ﬁ &11%%1@%95@% trg c&HePiceaal &

.. d dul dth tter-etch
modul e are coupl e clysien ook of Sba Pricr a7 & eﬁ@%ﬁﬁ?‘ﬂ”@e’@fg’w tﬁngﬁ%lz?gr ﬁ{)dﬁl g
i siscoupl ed  medild)@ bhelowdnsfer mndflera degumaiulsya sputieredeiumodille; enda mewhdl ock. The
et al depos'&eﬁnﬁégﬁj%rgﬁelg&ﬂlé The Jfoﬂk'ﬁ?irﬁfi RatiP&ichaeKa firsedbbierrhpestyl e. Often, the

r
or more et FTEEpEeYs BB SR oIk SRR E RS PR AR b
transfer nodudnefer opéulabpa ftst vieuerivadlockeThndkged meduwde andithospufterretgier f or ni ng
ts ihﬁg F:S ?; g . é‘fﬁﬁ‘lfm %g g?\gﬁ@ttﬁg{eqfonggﬂﬁn%} E’{ogﬁle.?%‘het 548k Rhsdr nﬂfd’iﬁleiiﬂgdu @es a
R e s e VAo ThE B IR = 2nd e
and the net aodule is coupled to the back transfer module. Often, the cluster tool includes two
degas modules, two sputter-etch modules, and two or more metal deposition modules.
In operation, the front and back transfer modules operate at vacuum. A second cluster
tool for performing the desorb, preclean and metal deposition of the prior art includes
25 a single transfer module, the degas module, the sputter-etch module, and the metal
deposition module, where the degas module, the sputter-etch module, and the metal
deposition module are coupled to the single transfer module.
Operation of the cluster tool begins with the first robot transferring a substrate
from the handoff station to the degas module, where the desorb step takes place. The
30 first robot then transfers the substrate to the sputter-etch module where the sputter-
etch preclean takes place. The first robot then transfers the substrate to the second
robot, which places the substrate in the metal deposition module. After the deposition
of the metal film, the second robot then returns the substrate to the first robot, which
returns the substrate to the handoff station.
35 Because the desorb step of the prior art operates at elevated temperatures,
there is potential for temperature induced damage of the substrate. This concern is
especially apt for polymer materials because future integrated circuits may employ the
polymer materials as insulators due to their low dielectric constant properties.
In the preclean step, the plasma can cause plasma damage of the surface of the
40 substrate. Also, it is well known that the sputter-etch preclean causes corner clipping
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deposition nodul e are coupled to the single transfer nodul e19§?§§ﬂs"{‘t2b@£‘ of
the cluster tool begins with the first robot transferring a subStrate from
t he handoff station to the degas nodul e, where the desorb step takes place.
The first robot then transfers the substrate to the sputter-etch nodul e
where the sputter- etch preclean takes place. The first robot then

transfers t o t ubstrate in
t he net al dd%?gg%mlﬁl@&nﬁ hisg&d@%i;%éé%{bﬁ therﬂ?%les Mhﬁ}fg i}t%?%%e °B§Ie§ ilm the

deposifiaqn © e net,
second r obot PPHIES pERegial¥ &9 %raiﬁ&fﬁﬁn?nﬁ@nfm@fﬂ%dmlfs HAFCHE returns
t he subst r ateendrelippieg hedvded fepatation ofiadjRentlirss 1¢ddingde noadreptable etdctridab pri or

art operat , [ t rature
" nduced da?g;%“ea%k?E?%%E?L%?C$f%F§_N0t‘°ﬁ§’%eF ToBLAELAS prOad RE

. . co
pol ymer matRpSispldanagsq 8“?%’%“8& élf?‘HESe’éF%@é&[seicﬁ‘éﬁ?FP ciiigg! E6y t he
pol yner nat eri al Burter,ispstidraigarfshalursictlging mestal layevinihelieathies and drestiant
properties.pdig, éaﬂ%gﬁe%&%?s‘@@ﬂ o4 il BRHOY AL ISBHRE PR dpmage of the

surface of the _sufstrate o, It_l e sputter-etch
precl ean catid@elss #@rﬁeéphﬁﬁlﬁéheVzailgﬂhfgﬁ§tﬁmz@64spattere%fa%greaﬁa@H ther enches
and at edgesmppér dxide My Widlie shecviehdlen gauseceipper abdecopperoaide toldepyitog: | S
especi al |y leLbiaid & il 9iaTiiMs! BlorddhBE R Yl iaBpRLR £iheitidrhiatd RS the
corner cli pp|ag reduces separation. of “adj acent. J'1hes [ead] o .

unaccept abl Fegfaiag pelymer based prisralidue e evpssisddamageirasehby femdysicalot onl y

does the spuiniteardaénthin fieaphvarcteiapiselecan Miso, eadn id drepatiatetcinpregicai eth

. its, i I _ ; , ¢

She. under | yi6 8 tle RO GAUAEE bR el Aok MEymb A naRUPhE 19 ©

barreling a8nsene hydrogen willy dgatp Hisinol yperdrasenatedplsgAdditienally then  si dewal | s

of the trengphger-éadspichiear becobk dss effestivexaaphepecspubd (dptedioepbgcl ean of

t he copperwm)ﬁtﬁea&z chggﬁtnlsaidg%ﬁ{ﬁa%l%sﬂﬁ%&ggsgauses copper and copper oxide
fa‘b-

to deposit on e_ sl dewa e Vvia Mor eover, .the sputter-etch
precl ean is i napp?tBphs deeas medulesnd thesputteretelompdule reputedighyaskP® s due to
expect ed dagrmyss andussdiabyd tadoeurpphmhisiag, widchieredseiurdhiasd Al impidtchetceet ch
precl ean. : %o%ﬁ’of%’eec?u%ér tB&egﬁg\#l}n%f-'ﬁﬁfl %ﬁdﬂ[e%l‘tﬁ@]n&gﬂies fe lﬁ?&gsa L.IQF ,

hydr ogen i ons, cannol be usé en the polymer nmaterirals are exposed since
t he hydr ogeRaiifanangecests of therrdosies tlgokbecavse Baeladydy pemalex Apdiradupal |y, the
sputt er - et cilequesioheiattnheeqaoessuretat 8 dbeniot beconse Asovac T Particaldt® (depth

di vi ded by co\Pﬁaﬁiﬁ--ﬁ%t'o?fc the trenches and of the via holes increases. Both the
degas nodul € and he_'sputte_r-etch nodul e requi re high vacuum punps and
associ at ed vacuutfhptigmseded is aesord method gampatihle withgactaldeppsition Biebdess costs
of the cl usigtkeduirelexcehbi®e Sulidr@trest ch nodul e further increases the purchase
and nai nt enanc : t. I r al 1t relati.vel onpl ex
and requires f?"e‘@g‘?r%?‘ G%Fﬁ{]gﬁ%ﬁ%%ﬁ & gt%ﬁscgpg)%ﬁﬁgsﬁ P}&lggg‘hsepﬁ&ﬁg%ﬁ%agne a
source of piae pelisgRPlasEnt ani nat i on.

What is needed is a desorb method compatible with low-k materials such as

polymer materials, and fluorine or carbon containing oxides.

What is needed is a preclean method compatible with low-k materials such as
polymer materials, and fluorine or carbon containing oxides.

What is needed is a desorb method compatible with metal deposition which is
less expensive.

What is needed is a preclean method compatible with metal deposition which
is less expensive.

SUMMARY OF THE INVENTION
According to one aspect of the present invention, there is provided a method

of depositing a metal film on a substrate comprising the steps of maintaining
supercritical carbon dioxide and a chelating agent in contact with the substrate to
remove an oxide layer from a metal surface of the substrate, thereby forming a
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What is needed is a desorb nmethod conpatible with netal depp&hhé Q7 ohhat
does not require excessive tenperatures. Wiat is needed is Fean

nmet hod conpatible with nmetal deposition that does not use a pI asma. \Wat
is needed is a desorb nethod conpatible with lowk materials such as
polymer materials, and fluorine or carbon containing oxides. Wat is needed

I's a precl egfé dl‘é?:fe'&%ﬁb&&i@%ﬂ Bbos %*Ehé ﬁ\éfal‘ﬁimbﬁ'%ﬁ récl%!ﬁﬁs pol ymer

mat eri al s, uori ne or car ont al ni ng 'S needed is a

desor b met hyihew epesing @emc}?aﬁe%e! sterdp 54 ma@ﬂmaw’fht,ch oxiflizgsdhesmetabensi ve.

VWhat is neegl@fhck 5F the RERagalsuRichied conpatible with netal dep05|t|on whi ch
Is | ess expensive. THE I@/ NTI ON Accor.ding to one, pect of the

SUMVARY
present inventi O%eco[r £ &0 arothyr 35REGLAL the RERSFY dDVegtiond ?f§|1§PrH§1dﬁ fretal film
on a subst raktthod ofifepositing atrhetalsfilepsn mﬁubs&aﬂ&tcampnmgg tispepsafinidin@inigar bon

di oxi de and t ve an
oxi de | ayer SPP gc%%aﬁr#ea{b%fl%gﬁﬁé aéégl ag'fa&]lﬁﬁ &1 nh{&r at1 e tﬁ%ﬁﬁ’ %% ?(‘F }e%]rﬁvre%gg 3 19
August 20040%idebyenien aguttelisuefacs ofthelsubspetsi therehy foreringa atechanm on the

precl eaned spheikald de stlﬁi%%e‘ﬁi%?ﬂ%‘hﬂ%nttﬂg %ﬁ%%@%éé‘%&@t@g&ﬁn%
mat eri al which oxidi zes the netal E&grﬂmo t he prec eaned substrate.

Accor di ng t thezrsigeBsd 5@‘%‘?"‘()*1"1&@3 W dizrsdhg mstel surkace et the provi ded a
nmet hod of dp;aeleaﬁddrggb@ramat al filmon a substrate corrprl sing the steps of

mai ntai ni ng super (t: tcarﬁligkon di L oXi ﬂ} g E‘? in contaé:t with the
substrate to re %Or ﬁg XY SLASPESE 05 eé)rﬁi?f‘ $OVERTHIPA HETSiF PRGYA strate,
t her eby f ormethgd af gepesitiegndim @ui)s.tbsaate,compdsmgﬂwtd:psm@mdnﬁaml filmon

th I t t ' t
e Pt ! S PRBRRR SRR AN DN oDl SBSRS rd BARC SRR Bl © @
Accor di ng t® rg@pvenerrhele selseted fropx the Beouprcensisting ofvarsbsashateepdee i s provi ded

a method Oidsgﬂﬁfbsﬂémlﬂﬂa s@béﬁdténtm @%ﬁigraaaeeo@emwsﬁ*a&?mmeﬁh g of
mai nt ai ni ng car on IOXI I.n contact w E trate in

rit

TRt at o SssORR s etralaia e sSGtad ioroaie ot SO P une Mozl or oup
consi sti ng aibstate s mutesinbwhicH farms santseohalesciannant desasitiigrthe ﬁhntoher eby
formng a transferring the desorbed substrate to a
second progﬁggl %?gedﬁé&?r%%gwthout exposi ng the desorbed substrate to a
material which faeemsdiagtoeneispedtiof theqressnbinvemipndthorsis providadreemethbdn on  t he
desor bed subsidsalifing ARt i DnladuBREASREST s theRRpPbESS kYNt i on, there

I's provided a et haqd
supercnncal carbon dioxide in contact with the substrate to remove a sorbate selected

from the group consisting of an absorbate and an adsorbate from the substrate;
maintaining the supercritical carbon dioxide and a chelating agent in contact with the
substrate to remove an oxide layer from a metal surface of the substrate; and
subsequently depositing the metal film on the substrate without exposing the substrate
to a first material which forms a nonvolatile sorbate prior to depositing the metal film
and without exposing the substrate to a second material which forms the oxide prior to
depositing the metal film.

According to yet another aspect of the present invention, there is provided a
method of depositing a metal film on a substrate comprising the steps of maintaining
supercritical carbon dioxide, a chelating agent, and an acid in contact with the
substrate such that the acid dissolves an oxide layer from a metal surface of the
substrate and further such that the depositing the metal film on the precleaned
substrate without exposing the precleaned substrate to a material which oxidizes the
metal surface of the precleaned substrate.

According to one aspect of the present invention, there is provided an
apparatus for depositing a metal film on a substrate comprising a transfer module; a
supercritical processing module coupled to the transfer module; a metal deposition
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of depositing a netal filmon a substrate conprising the stﬁg) @E}
mai ntai ning supercritical carbon dioxide in contact wth the strateto
renove a sorbate selected fromthe group consisting of an absorbate and an
adsorbate fromthe substrate; maintaining the supercritical carbon dioxide
and a chelating agent in contact wth the substrate to renove an oxide

| ayer from whst epositing

t he et al ﬁom%aév eﬁsﬁgg%‘ﬂéa%&lbﬁnghout E%(&e Ogﬁgn@ﬂgﬁﬁg LIﬁféilto a first

mat eri al  whingfuleoaemenns dortnsferting @eﬁmtedmtwenttbe a@@wttcﬁhgomseneet al
film and wnbbggtan@mﬁétggde&,BgtlgﬁlMﬁ@te to a second materl al which forns

the oxide prior film anot her
aspect of the prég%%&mgﬁ ﬁSPfECﬁgF%‘elpgeSB?tdW atg H%Idg%’aﬁepom ting
a netal fil#nperates f@udenqsamg agoetpl filoi enga tsllthstrstteezpmpumngwtrmaﬂenm@gule

supercriti C@dm Qiu%b@ﬁld @ﬁf«‘shﬁib@i 'a@ﬁp&gﬁmal pﬁﬁ@ssﬁ% B6dfle béhpﬁ&f‘&ﬁ(?t
with the su&]ﬁ%rragfe su&ﬂft at $ olvfgs an oxi g ger fr ma net al
surface of FHUPIY PR Gl ’é’PI‘% ehde vesumymgdue COvRlingthe net al
filmon themptabd¢pwaitiod maiubstortht tramifermoedul e dposicngmichenberend @sresds ubst r at e

to a nmateri @bom}féﬁﬂﬁieqirgt%bét%d%&k:oﬁdjlroi)@f:ﬁe ebnfidifedioqFnSRPA[ Substrate.
According to.one ect .o sent |nven I.on, ere Iﬁ grOV|ded an

appar at us f%ﬁbsﬁgﬁgg&eﬁﬂ&%uﬁ%ﬂf %?Pr%eaﬁlpgamg ‘f}gtaP M8 a transfer
nodul e; a mu@vdﬁcrltlcal processi ng nodul e coupl ed to the transfer nodul e;

a metal depositi R@corélné?o %%@ﬁe@%@ct@% I?reseﬁt HREMHR, RAM Sr&RUd 409 the

nmet al deposition nodul asitﬁ e tr s er. and freans for tfr:fﬁnsferrlng

the substr SHBRREPTHE maﬁuls Fae@eerl&gne FoRtgresuRERgritical et al
deposi ti on modulkeconfiguoaddo rugatta)stbﬂmatbemthaequgmtcnnéaltshhnpm esteck tdansfent i on,

there is prl%&tﬂ@@o&ﬂed %QB@E%P&aJsPJr TARRES e Ak afBtdhod d.{lé Ei%ﬂg\;tﬁlggt rate
t

corrpnsmgatran r-sin anetranean

a
supercriti cH™MPe B%sé l?fbmﬁgﬁﬁ? 8 depesitadays &@“%WGI
deposi ti on subdimdte; andnoleaas fadransiemig the sustiptei begvecndhe fremtatangfepomidtieon

modul e to tﬂﬁithéﬁé@éﬁnsf@?grgidﬁle&1%u‘(@ﬁ;58§ﬂi§°tﬂé‘5%{rat@ylﬂgue§2g fif trobot

wherein the first robot a the secon t are co ransfer the
substrate between the supercritical processing nodule and the netal
deposi ti on BRIERDESCRIETIQN @i THEVRRAWIDIGEer aspect of the present

i nvention, theregjes 1%8&6{1&&%119ﬂlusﬁ%@f&tﬁx‘éﬁeﬁwﬂ{gt gtk réem iy er
nmodul e corrprlsm}g]?a ﬁ ﬁ E@GI’CI’IIIC %i#ctg gured tqg treat a
substrate with a geﬁc ‘FIP@t}cé‘ y istrates g altematiyeunethoghe Fpr%ﬁ&ap‘ée@%m ed to
t he front transfEIG.30tuiteatestthepledatedtmeatalsiepositimdelbgtectonbofithe pgsane or nore
deposi tion jodwss configured to deposit a |ayer of material onto the

treated substrate; and nmeans for transferring the substrate between the
front transfer nodul e

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred method of the present invention is schematically illustrated in
FIG. 1. The preferred method 20 deposits a metal film on a substrate. Preferably, the
substrate is a semiconductor substrate having via holes through a dielectric material to

al

an underlying metal layer. When the metal film is deposited on the semiconductor
substrate, the metal film contacts the underlying metal layer at the via holes. More
preferably, the semiconductor substrate includes via holes and trenches in a dual
damascene structure. In the dual damascene structure, the metal layer also contacts the
underlying metal layer at the via holes. Alteratively, the metal film is deposited on
an alternative substrate where the metal film contacts an exposed metal surface on the
alternative substrate.

The preferred method 20 comprises a supercritical preclean step 22, a
supercritical desorb step 24, and a metal deposition step 26. In the supercritical
preclean step 22, the substrate is maintained in a supercritical chamber and is
preferably exposed to supercritical carbon dioxide and a chelating agent. The
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and the back transfer nodul e without exposi ng the substrat e1£%ﬂu%%"?2004
envi ronnent. BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1 schenmatiC y
illustrates the preferred nethod of the present invention. FIG 2
schematically illustrates an alternative nethod of the present invention.
FIG 3 illu¥Pof?e t he preferred nmetal deposition clusterPeBi0ld$27§ he
present inventij.on, TAl LED .DESCRI.PT T EREMBODI MENT The
preferred ne‘?‘ﬁ%hn%?gefqﬁg CBF ESE] w&ﬁ&}gnsth f%(;rl%nqlégl Jsj't:aﬁﬁ’ggg. [ c.embil Ul ql?st rated in
FIG 1. The guideaythedndeyingmetblagepe firmshelatgpefdhe prderyipg migtad ybt r at e.
F’Lef er ﬁbl ya_ dul &cﬂ@d&b&ﬁ-ﬁ@tﬁoﬂife AnRe Avapihe ukdlass. I bsistRi@ittaMdengb wieg hol es
t hrough a di ctri rd Q. V1 I \Wen t he netal
filmis depogl’ gau%s%ra{@ﬁ%%ggﬁa]mggWat&%ﬂ%é’&%g%{}é%a?gl%ag?o te?%“ed e%é?%fl t(} il mcontacts
t hé under | yi sugerapticel carbgnekiodde, which dpsprisadsosbedypatenalgir abearbas materiajie
sen conduct ofomm Westikadag. | Ncl udes via holes and trenches in a dual
damascene structyre. |n the dual alm struct . . : ayer al so
contacts the un e(r)rlc)?lreﬁegrabg%tt% S%P%{gerl gfrf%@ﬁaél Sglﬁpa%; ﬁg{nggsersrﬁa fr{e@%%% f“{l/el y, the
netal fil m iasicaspesd]as g sepercrificakgathon digxideand thschelating agptiecrrst Wtk al film
cont act sdan ‘ﬁﬁ agﬁ@ﬂe.rﬂiﬁfﬁdci(ﬁdctfsftﬁﬁﬁsdwb thdexidewhis thatheyting usit staickes tdhe
preferre t hao : ' Ltiecal preclean step 22, a
su@ercri tica Osﬁer%%%iﬁgng'gg“%ﬁ?s %ﬁg%%qé%%g’f&agg%%si tion step 26. In the
supercritical prisefahly. We eiplaing agaabisselpaed fem theronp RMPIHBE in a
Zuper gri ti cal4-phasedio®NU]j1%,6,phefafuabl2y-gonpasdiond, 0 supercritical carbon

| oxi de and hel at | t. - 2004 5 10 15 20 25 30 35
VO 01/ 82368 g&ﬂ}éﬂé’F%g?%%S’ghdé?"gﬁﬁ'dﬂgﬁéﬁ?@ﬂg?}Sﬁ‘ﬁg‘%ét_i on with the
super cri t i cal-2.¢dnmehylastane- it diopach &0 QitatrmmsHiyl-isptae-3ondipdfe under | yi ng net al
gawe_rdt o forgmgdieliaingf dicetd i d(BIDA)yina@ittiRtrdceticlderl (NTUWper critical carbon

| oxi de carries t e Lt il ep 24,
the substrate i sq:‘né\%ixrﬁ@gﬁﬁée:%%\n%ts |%te%ﬁce’%ltsglﬁepg2r_ r"{‘ﬁ?@é‘hgﬁ,g‘%@?%ﬁ% Eexposed to
supercriti cain iperelunacd dsprering waendhe Rgicylapexideidatipbeingaiceleisfs or absor bed
materials frerrabhietswhghicatid is dded eorprpesckanbl goppirforidel pMure pieferaby, precl ean
step 22 COMPgt &ngare@ﬁklpgiado%é?gxﬁg, the organic acid is selected from the group

20 comprising acetic acid, formic acid, oxalic acid and malonic acid; alpha hydroxy acids

=1l

such as glycolic acid, citric acid, malic acid or lactic acid; or amino acids such as
glycine, alanine, leucine, valine, ghatamine or lysine.

Preferably, the inorganic acid is used for a preclean of aluminum oxide. More
preferably, for the preclean of aluminum oxide, the inorganic acid is selected from the

25 group comprising hydrofluoric acid and buffered hydrofluoric acid formulations such
as ammonium fluoride and ammonium bifluoride.

Alternatively, in the preclean step 22, the chelating agent and the acid are
replaced by an amine. The amine acts to dissolve the oxide and 1o carrSf away metal
ions. Preferably, the amine is selected from the group comprising triethanolamine,

30 2-methylaminoethanol, pyridine, 2,2"-bipyridine, and pentamethyldiethylenetriamine.

In the supercritical preclean step 22, the supercritical chamber is preferably
pressurized to an elevated pressure exceeding the critical pressure and the
supercritical carbon dioxide and the chelating agent are flowed over the substrate.
More preferably, the supercritical carbon dioxide, the chelating agent, and the acid are

35 flowed over the substrate. Alternatively, the supercritical carbon dioxide and the
amine are flowed over the substrate. '

In order to achieve supercritical conditions within the supercritical chamber,
temperature within the chamber must be maintained at or above a critical temperature,
which is 30.5 °C. Following this, the pressure is cycled at least one and a half times
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acid as well as the supercritical carbon dioxide and the ch ' nt in
contact with the substrate. The acid acts to dissolve the gi%%gﬁaﬁl e the
ﬁg?lﬁt!ng aggntfattgfhes Lo LoFse nmetal ions and carries away the | oose

al ions. Preferably, the chelating agent is selected fr roup
conpri si ng WOUAZH¥Ent ane- di one, 1,1,1,6,6,6-hexaf|uoro-2,£9gg%§2§é ione, 1,

1, 1 -trifl RN ARG 3Rd AreBlurcONE a 1dwed piksufE LERVEABI @B Sowdr Prefiurdine,

2,2, 7-tri _rre'tﬁg{‘/’féac?lan,e- at, 4-6r§|gornee, 3, 2,62,1)6-%uet r anet hlgl’ - hept aﬁre- §r5 di one,

et hyl enedi afPA B GEERIREUPd (EDTA), and nitrilotriacetic acid (NTA).
Preferably, the anéshpesrised desoebstdpr s pleteraphopast of dreprpesFiiirabprededani ¢ aci d

or an inor Q?e%izci ok ag@ﬁt?ﬁ&i JReorHRAD i Bbdd@lelor Ghloded MXihERhE Bdkirdts bei ng
pr ecl eaned. e

Preferably, the organic acid i f I .of
bxEde. - Nor o Wil riardiiyne e SpetrabpEra e gy Eihine s BrBo RSP E L oo he o
i's sel ect ed the enambres gutisigated coimpro e thesugeretitica] daspdp, stepPrtmirdtem@iitelY. oxal i ¢
acid and mltﬂ@éuﬁeﬁﬁﬂi 1 dAbPBNRpU U S6rREd A% sefldftOsidS eGhetbeforecoratierd, Citric

acid, malic acid or, _lactic acid;, or ami no acids such as glycine, alanine
| euci ne, valthupergrititahReHEeP 4%si ne. Preferably, the inorganic acid is

used for a precl @aieratlyaluting the supxiritieal phistean apst deberbatspss 22 et 24: € pr ecl ean

of;qal um num ééil%r)rcmﬁliﬂ O ElRHeFisaRinth the r58d 6C3186ld l0®T.t ARerngFvelyp
0 nd buff ered rof | uor.i ' | ati ons

R t
conprising h uoric, acid aci
such as am%?}‘ieﬁ’ﬁ?rﬂuffowﬂagtrﬁﬁga'ﬁl?ﬁ‘%bsrf?ﬂﬁ'\aﬂ? ?{ QY 1 §8UPe %'frgﬁﬁg&({f\% y, in the
precl ean st epbsdte. t he chel ating agent and the acid are replaced by an
am ne. The am ne 1@ct 3 QepdbifePi P24 uRisésdRpasittheliRe BakT inPogie Mt al i ons.

Preferably, the amne iIs selected fromthe . u IS
tri et hanol arfprate. Frefgr UE?,-?“?{&‘&%QN&E%S tﬁ"ﬂ‘%@ﬁﬁo %%T@{d? %ﬁlﬁg P ne, and
past anet hy| diwt.hVhemettlrdepositive. steprGipredersllp deppsits the metabfilie Wehin tha ¥d 22, the

super cri ti cgl,1&RaHehe i fifh S5@ktihe BIRAGHE mearlay@. Rrefabidyahetenr essur e
exceeding the critical i 1]

PR A g LR e N R
supercriti cahetalalebasitici sepi2dés a physicalhvepartdepryiting RYD) BifeEst-he acid are fl owed
g‘r’n? L et gfes ]‘j |b§ f/vregtlg\s} gﬁﬂac%rﬁféﬂﬁﬁtgﬁé@regn the @\?peﬁdﬁﬁgﬁlcﬁéclejaﬁ,&hp&aimmed(bm)(z@nd e and the
e e S Seon g U L.t S G SR SuaBREEe | c2
chamber nustothe gams whish el fam agronutjeile adsothaietdndhe suberaye PaHAMEl 10N ch i s
3.5 G Fi' gfama Q%gﬁ\]%lzag%efbgﬁbigé SRGHIR: dg‘ést‘lﬁ‘a‘a& gfifldliigg %ﬂilEﬂ&&t vitehand a hal f
pressure ancF""gSt ,onBi,ngg\g//ﬁagl_% 3 ogl?ager %{bqﬂ;jc/ f‘U%tsrﬁaete }Sél\?g(rietlgrr%é%@ﬁogcé&l?% egg\é\e}tee;j he
critical presifiegosihe wapen erantcnd af the sunsronitisal efeclzan 5i8p 33 erabfhiesnd part of
they super cri §dddupBtREdaP@iorb step 24 will cause the volatile adsorbate to quickly desorb
from the substrate. Similarly, forming a volatile absorbate is not detrimental because
the brief exposure to vacuum will cause the volatile absorbate to quickly desorb from
the substrate. Preferably, the substrate is maintained in vacuum between the
supercritical preclean, supercritical desorb, and metal deposition steps, 22, 24, and 26.
30 Alternatively, the substrate is maintained in an inert gas environment between the
supercritical preclean, supercritical desorb, and metal deposition steps, 22, 24, and 26,
where the inert gas environment does not form the nonvolatile adsorbate nor the
nonvolatile absorbate.
By using the supercritical preclean step 22 rather than a sputter-etch preclean
35 step, plasma damage of the substrate is avoided. Further, using the supercritical
preclean step 22 rather than the sputter-etch preclean step avoids gorner clipping and
facet creation at edges of trenches and of via holes, avoids barreling of the trenches
and of the via holes, and avoids deposition of sputtered material onto sidewalls of the
trenches and of the via holes. Additionally, using the supercritical preclean step 22
40 rather than the sputter-etch preclean step avoids electrical damage of an integrated
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step 22. Gases and |liquids adsorbed to the substrate or absog Re &gﬁzb@in t he
substrate 5 will desorb during the supercritical preclean step _

El evating the tenperature within the chanber is anticipated to inprove the
supercritical desorb step 24. Alternatively, the supercrltlcsﬁlé gﬁsorb step
24 is perfo¥VAR¥2H8 a separate step, either before or af t €

supercritic glr.aﬁ{ tﬁ&tl 1?9&’3n§att§ijon2tge 51 Et?sft@ rIﬁQxlewaer Clh'é duperchifial §ifé91%£r¢s!’t¢1i 270 a|
precl ean an 22 f%@ ng)tﬁ %}1 utter-éth‘L
chanber i s Vil Ffe lqﬁeda%ssé) Gy ba%%& diefgirie. m%ﬂa Ao H ¥

t enper at ure;wctehn r;tep he chanber is maintai ned bel ow a terrperat ure limt of

the substrate. E eeﬁae%b@@teﬁtz@et@mmangm éﬁﬁﬁﬁﬁddnldﬁg the netal
filmon the substr§ 0gsu bstrate incl.ude t]%na holes to
e

era
thé under| y.%@wﬁ’eﬁpéﬁg%hq %‘Pwtﬁ ar'ﬁé' F"‘&féﬁ%es‘F‘E’P%fﬁ‘“%’i‘BBf"fﬁss‘“ﬁ erably
deposi ts t heutseh@l which i espdctallp ithjretawi far thhgblemexsbﬂsqmcleqthemﬂ’@ﬂdﬁ film

Contacts the undgg éﬂd échﬁéﬁmesr ﬁle&eﬁ@bélaamhmpeﬁha&ax peemsltlon step
26 is a chem cal

ocess tern the netal
deposi ti on ﬁ%ﬁzﬁst’ﬁeéuﬁer‘ﬁﬁ%ll %ﬂrgé‘%% ?l“f’?%ﬂ%g%}{ cess It is
i mpor t ant t hadthddedf degrednanpern, thei smpererﬁtmplrlecdl@amtw%@d teimetatal desorb,
angd 20 net g, ﬁfbﬂ%ie@'ﬁ%&sﬁeﬁgﬁmd%t thgﬁupe?d?ﬁic@@leso'fr@ﬁeﬁﬁlbi%tnbﬁﬁdifohﬁemOt
sphe

exposed to a

adsor bat e orn g oY plégrmative meWﬂij BE%WTCFe“ﬁ H’t"emF’B tﬂ?ﬁ Sé.‘P?{Es‘?f‘%‘P g]i% S%gbs or bat e
within the st rheatnestaldeposhion litepi2b krerpedfoimedibuthihe mer@@b?émre&leen Stbrm ng a

vol atile adspy ﬁ&t%}e&&‘rﬁeaeﬁ%ﬁ?lﬁﬁéﬁadvé n{&%dféeihebf&éﬁtadvemﬁﬁu}semm bri ef
0

exposure to Vacuum at .an_end t Su C recl e p 22 or at
the end 25 cEPIsHENSIEBOOF thejsgsond GQW‘BQ é’ﬁ‘df %“fq% béé‘ﬂ?gerf'%tevgvol atile
adsor bat e t alepesitivklsyepd &sthe blierhatomdepvsition bisp.radilm, oti®ir than &g metalifdmyis ng a

vol atile ab é&%‘?c’ﬁ &.e@ﬁ’&strgt@t riment al because the brief exposure to vacuum
will cause t atl | sorbathﬁ ? g ij’ﬁ lfle}sorb rogﬁca{lﬂe substrate.
Preferably, the &ﬁ?&’f‘#‘é‘l‘%nﬁné":w& g4 i Bref"ﬂ‘t U HE e supercritical
precl ean, supesared in Eigl. 2d@bofdosth alteinative alethdd 36 sddsi aowperertiss] resigue 24, and 26.

30 Al ternatiyghyy stEé] 82 &HH? {oJePch%d R tH3B 20! ?hé‘ﬁgerbﬁtmﬁﬂrekxﬂﬁé ien@»aa sep\mz r onment
bet ween the supercrjtic

rec critical des al
defosi ti on JEBRES fef?iueﬁqnm‘%{ﬁ%lm?@c 5%@?25[0%"5 HEFEY RS gm’\%s nnrgﬁé{; does not
form the norptededini behiag sep, l;phbmraamtmadkepomemnflt@tﬂubéraéﬂcﬁ@dh%é}ﬂ]éf By using the
supercriti CadngﬂEl?eﬁ ggﬂﬁﬁBﬁﬁe bstrAd e kichfo g eﬁ:ﬁiﬁfgfs&baﬁb@fﬂ:hw kel ean 35

step, plasna he substrate, is_av g the

supercriti ceﬂh"tofﬁsﬁ& I“&%ﬁﬁ' ig §Ipp LS F‘S%’fﬁjetf’ c?rﬂﬁlﬁ“?rhg:’egeﬁg lyd¢ r}eﬁd"%‘*{% h@r ecl ean step

avoi ds cor nestchirlg s theye ésrsdme freaiting pleoresss Oaﬁheéébﬁe@twdﬁheé%@ Iﬁgg eshd of via

hojses, avol dr? 1Qﬂera‘i18§h6i9re9& rEJ?&eto‘hQEH?J&S&rateanﬁquthé :leadwd I@mlﬁﬂh%&m dend avoi ds
0

d t tf t t d of th
bl bo" bl hlorge Wyt eisbt O PPy bl g BER5°00 o1 L e

than the spuinti@bsséfigthe peremhiegphatoresstabe siperstiven rqselat rwalge@p@ﬂ an
i ntegrated c%mprlses exposing the substrate with the residue to the supercritical carbon dioxide -

and a solvent until the residue is removed from the substrate. The supercritical
30 residue removal step 32 is the subject of U.S. Patent Application No. 09/697,227 fﬂed
on Oct. 25, 2000, which is incorporated by reference in its entirety.
The preferred metal deposition cluster tool of the present invention is
illustrated in FIG. 3. The preferred metal deposition cluster tool 40 comprises a
loader module 42, a front transfer module 44, a front transfer module robot 46, first
35 through fourth supercritical modules, 48-51, a back transfer module 52, a back
transfer module robot 54, and first through fourth metal deposition modules, 56-59.
The loader module 42 comprises first and second loadlocks, 60 and 62, and a loader
robot 64. The first and second loadlocks, 60 and 62, comprise an entrance for the

front transfer module.
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Is fabricated on the substrate. Myreover, the supercritical pre@f ean
22 wll cause | ess damage to pol yner based dielectric mterials than the

sputter-et cgoto%ggt{jean step. Using the supercritical desol;%/@%ogﬁ ;84 r at her

than heatin bstrate under vacuumto degas the sub avoi ds use
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247 s not pe Second ernative nmet hod_of the present
i nventi on the sugdeppsrpiangfirst andseropd Sropippening ritPeds SFGET's: %o ti on step
26 are perf aipfmehifii sthitRrdSHBEGE] triteree (BMIF) e@iteRcOfple Ridh tie Iuder per f or med.

Inathird aI t [ t ol n V,
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al t er nat i ve whiclpwstetetabad. seheg. anf glepnsd inp et ¢lean njecetfe Jds ilqapd %frtolzﬂt b, a film
otfper than thfsRRiAlemidondlcd sutteme TR Frosh e fifshpodashs titefirer loalldcR 6Ot h
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in FIG 2. T FTerhat ercrit resi due
renmoval st epth@BfZOﬂtdfaPFfér pedifeds. sdidid Hyacwor Thﬁéf%h‘ﬁ‘é‘ls%l? mefigle Fobpkds due
renmoval st eptrﬁtgfersrtﬂé%ﬁéonﬁ@c%rdm&stﬂa&mit@tﬂ&glrﬂ@uﬁdﬂcﬁltﬁuhﬁddu&t% Wietd the ng a

preceding etchin t Kk
or ¢ ons of SRRl PRl ronPAGRPE I8 AER 19 186 Ree PUBLARAS! | TROUD
ar¥ et ched. andéloeelcﬁnmwgn@tc@ps@sts@ew@ﬁ@@edtfr@ ﬂ‘ﬁ%ttéf"ég‘ir%tgh R fiTeth i s

someti mes etighetkian 6 eErk&int Groughanied fipbitritidabioomes) d9-5he Alternathielyy st ep

there is songﬁgﬁgﬁts% plg&ﬁtb umﬁg? B“SS‘QE ?Sggfegrate and there is also etch

resi due and or esi st~ resi Thus, the residue
remai ni ng on t he OnsaBersupareritical nreAlfangnd ARSOB S 17 28¢ b AGRAMRRLS thene
phot or esi st gegsdodthestorstiBsu@ieC if edisfitied fromnik m@ssnpd‘.rbmldal“naomem 10ty

T O e ot s bebh Ep R RISl bGR 52 Sl o LRI THE BER rp GBI S5 eXPOSi g

t e substrat ercritica car oxide and a
sol vent unt i dlsatopsratas g WEUIPSTP%‘P?\SEEGHSW@PH@W@%Qéfl'leat“'éns et‘F’nQ""super critical

semiconductor substrate 72 to the first metal deposition module 56 where the metal
deposition step 26 (FIG. 1) takes place. Meanwhile, the additional semiconductor
substrates are transferred from the second through third supercritical modules, 49-51,

25 to the second through third metal deposition modules, 57-39.

Once the metal deposition step 26 is complete, the semiconductor substrate 72
is transferred from the first metal deposition module 56 to the first transfer module
robot 46 by the second transfer module robot 54. The first transfer module robot 46
then transfers the semiconductor substrate 72 to the first loadlock 60, which is

30 pressurized to atmosphere. The semiconductor substrate 72 is then transferred by the
loader module robot 46 to the first pod 68. Subsequently, the additional
semiconductor substrates are transferred from the second through third metal
deposition modules, 57-59, to the first pod 68. Later, more semicenductor substrates
are processed from the second pod 70 and then returned to the second pod 70.

35 It will be readily apparent to one skilled in the art that more or less
supercritical processing modules can be coupled to front transfer module 44. Further,
it will be readily apparent to one skilled in the art that more or less metal deposition
module can be coupled to the back transfer module 52. Moreover, it will be readily
apparent to one skilled in the art that a single loadlock for the front transfer module 44

40 will suffice for the entrance to the front transfer module 44.
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resi due renpval step 32 is the subject of U'S. Patent Appli (Fg?lhh e

09/ 697,227 filed on Cct. 25, 2000, which is incorporated by re eren e in
its entirety. The preferred netal deposition cluster tool of the present
invention is illustrated in FIG 3. The preferred netal deposition cluster
t ool 40 cor¥PPY38y | oader nodule 42, a front transfer (YRR 5 front

transfer module IS’Q?ﬁst 4 x'vE ﬁ-IetaIH Qﬂgrhclflﬁéfrtéth tﬁé’ﬁ@x’it%ah&fbﬁﬁbdd@ﬂﬂ' €s,
48-51, a back transfer np ffEmﬂrans er nodul e_rqbot 54, and

first througqvewa@tﬁmﬁi&hamc Héif&’?laf‘ BrpY gert sBErBENMEPRr fsader nodul e 42
conpri ses fisesicoatdtseatmdid thafitsolesnati®d mantidasitiemadusteritoddbird ardbbot  64.
The first a thanes2f or the

fne ! trans][}gr;%%g&lpcﬂs%gil@%%ntgﬁn@gpmé&le @zi-l)fgnri% SR ARG e O
01682368 PCPHEsmithe Srvaterilive BagbrePrttion dusies 0Ll BIss 'WEARLf er nodul e
robot 46, t herafigensdnt iskowplghto thedrt hrassfiqgpenceniet | cal nodul es, 48-51, are
coupled to the fIl?QEecBﬁ@ﬂ&%ﬁ'{wmgw Geposifiéh c1BAGKod), rtﬁ@ﬁxfs%ndm@éﬂéhe 52 is

coupled to the front trans ck transfer
modul e r obotSUBACHE PIReesting mpdyles, 6%6?{14906‘?‘1[% h@f gld 5§ gé’i‘e[“? ?ﬁpﬁ%‘aﬁl es
56-59 are cangduig, iﬁ)am:lrﬁé dackupladan s fieglemmoif¢trandidle. ITﬂle@p@ahﬁrnaiwc first and
segond front, gp rlbrSl uPl@ rétER s the%ﬁéfe%féé AR de;%@iﬂbﬁ)l/domoa st andar d

mechani cal |nter nceﬁt co 42.

Preferably, BeR®se ;h,eg ’%ﬁéﬁ idgpasition)t Lfé‘?ﬂb}fagisﬁt%e Sé‘@??f'?:tbcﬁgm?fea?n%ubst rates 72
whi ch were ehedubd fromsfhed;etaade:boslhemnmdulﬁmbyeamgmgtfea:mdp}esem The | oader
robot 64 t rr@%@étﬁfeﬁraﬂsf&qﬂ%&%d {3%[1 wHRSh ERhfer Artal Hé%ﬁhh&?probéﬁ trhgod 68 to

the first |oadlock

S..an to vacuum The
| oadl ock 60 frst qltﬁ@ﬁ“’ffd@‘?f%‘cfief’?fm’t“%&f‘? @H&htf’ﬁjss?aé?mﬁ@%%znggd which is at
vasuum The Gwmdieat fizdohdfovimbA0D@, wiotiois int6rpotatedihy frefersneeta it ertire¥nduct or

substrate 72 to f 1HfHer§zId11§ g&&:ﬂotdn%%hu@@ﬁl%@arﬂﬁamw&aﬁm supercriti cal

| d d | |
addi ?ﬁﬂa?”s@ﬁﬁ%qaméfb@a P e atctged wibaibiot P HERnedB0E 1 o ougn

the first |spiillandkofOof the inventpe @odefinet by thghappdnidediclagimser cri ti cal nodul es,
49-51. Alternatively, the FOUP's are replaced by SMF pods, or open
cassettes.



Once the supercritical preclean and desorb steps, 22 and 2449 A[£,49694 €t €,
the sem conductor substrate 72 is transferred fromthe first supercritical
nodul e 48 to the back transfer nodul e robot 52 through the valve 66. The
back transfer nodule 52 also operates at vacuum The back transfer nodul e
robot 54 then transfers the sem conductor substrate 72 to the first netal
deposi tion apdylsg 56 where the netal deposition step 26 (FIG 1) takes
pl ace. Meanwhile, the additional sem conductor substrates are transferred
fromthe second through third supercritical nodules, 49-51, to the second
through third netal dapashéd NdeFBsithes mebal B on@EMstidte compadingl@eosi ti on
step 26 isn%oglfete, the sem conductor substrate 72 is transferred from
the first f 0deposition nodule 56 to the first transfer nodule robot 46
by the second transfer nodmhmtainbgsufetcritidabedrborsdiokidanad echelatihg agenobot 46
then transfers the seq | k 60,
fﬁ'&ﬁfﬁ?ﬁ\%&t@ﬂgﬁégsﬁﬁzﬁg{oere&%végnﬁ e ldylePfrotn2ALAE

which is pressurized to a sem conduct o 2 is then
transferred by the |#atee ofhggnkstiatsptierehy fomninge preclened sbsgate; and

Subsequently, thg additi on@éposiﬁﬁgheqﬂ&upﬁmo§qie§;ré@éﬁad§«ﬁt%nﬁfe%a{o%fred from
epo
&4

t he second through third metal ition nodul'es, 57-59, to the first pod
68. Later, nore sem cHRISEEEIE XE sabstrats te agpgfera sdich exfizehtesecond pod
70 and then returned inetal hefazeodihd ppatearibd subistrtel | be readily apparent to
one skilled in the art that nore or |ess supercritical processing nodul es
can be coupled to front transfer nodule 44. Further, it will be readily
appar ent to2.one ski | | €ge inathpfef elaim fl hvterein the step dfossintapting thedeposi ti on

nodul e can be co - &ﬂﬁ%@ﬁ : it wll be
readily appar en%h?"tegcglgﬁg S iPI ed 9%1&?@321?%1 t atgsgégicﬁ%@éﬁ%\‘ggﬁeock for the
front transfer n¥tpsirae furthepepmpdses mariaings anacidincoatacewith therrbstrant
transfer nodul e é#h that tHachl/divsdlved @doBdd ayd® WO 01/82368 PCT/ US01/ 13278 I n
a first alternative nmetal deposition cluster tool, the front transfer

nodul e 44 operates at atnospheric pressure and provides an inert gas
environment3.for the Tlamethodofttlaim Rafterein the dchkisfselested &otrethngtaupe net al
deposition cl ust i . 3 J ks couple the front
transfer nodul e ﬁ{fs{gg%ﬁ%&ﬂg%%l?rggﬁég%ﬁﬁ%é ‘R]g@%jg&' Also in the first
alternative netal deposition cluster tool, an inert gas injection
arrangenentyis coupl egipd RefhBde of EAMRA 2tWiRIGH Ble JBEIL er c'oﬁléﬁis&ei:&gﬂer
alternative netal _gepole on cluster tool, the first and secon
supercritical pr%€€$sing nodules, 48 and 49, and the first and second netal
deposition nodules, 56 and 57, are coupled to a single transfer nodul e.

The first ag.t ernati ver,, method of claim 4 wherein the acid comprises an organic acid.

6. The method of claim 4 wherein the acid is selected from the group
consisting of acetic acid, formic acid, oxalic acid, malonic acid, alpha hydroxy
acid, glycolic acid, citric acid, malic acid, lactic acid, amino acid, glycine,

alanine, leucine, valine, glutamine, and lysine.

7. The method of claim 2 wherein the oxide comprises an aluminum
oxide.

8. The method of claim 7 wherein the acid comprises an inorganic acid.

9. The method of claim 7 wherein the acid is selected from the group

consisting of hydrofluoric acid, buffered hydrofluoric acid, ammonium
fluoride, and ammonium bifluoride.
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met al deposition tool is less preferred than the preferred {@Agé Hepgsi tion
tool 40 because the preferred netal deposition tool separates Lf1e
supercritical processing nodules fromthe netal deposition nodul es by
arrangi ng the nodul es about respective transfer nodules. This allows for a
cl eaner netal deposition process The first alternative netal deposition
tool is taught in U I I o . Nov. 1,
2000, whi chﬁilﬂs i ncor Sg?gﬁgﬁegyfgg#déﬁiﬂé%}icw Fglggﬁ%?%féﬁm{ﬂ%l !a\%ﬂ? gﬂ]ﬁe

readi |y appar ent SUpsrcifigalapibongipxide inyronteet with Hie sybsiate tpleperhan

nodi fi cations meydsbatefien tig dubsirié pfier toabe QBPOLddREtinpMHAsAl flgparti ng
fromthe spirit and scope of the invention as defined by the appended
claims. 19 August 2004 CLAIMS 1. A nethod of depositing a netal filmon a
substrate cbhprisi ng Themethbd p$ claim 16aihetedn thersgpsafperintainingcthb car bon

di oxi de and a ch liRda1 3983 didki t ' e an

oxi de |l ayer from gltr?ehp g?l a. glﬂ&é%%ﬂoc?ﬁ{aﬁ%%{st%g{seg rﬁg@éﬁ?&ﬁ{?g%bggb%%ﬁ%%g a
precl eaned subst femdhe sybgtrgfedepositing the metal filmon the precl eaned
substrate w thout exposing the precleaned substrate to a material which

oxi dizes theg netal surface_ of the precleaned substrate. The nmethod of claim
1 wherein the step of | Humfthad H%ﬂ@@ﬁé“@h@&ﬁ’é‘i’@?% thegtenofpyptagiekihge and

the chel ating agemercrificsl@aibaatdioiddarddnesodedns in @nact With ey subowgié tses
mai nt ai ni ng an ar%i dvi nrcsoﬁea%fr:ﬁéyidth t he su‘dpstra%f such tfgat .tthe acid
di ssol ves the oxide F&yefiies P I SPUR TIPSR GhAPNAresifeZ aci d i s
sel ected from t highoyoresigt residss, sind agetoh rexnluefigamihe sabstaiteapribran therspepgeni ¢

acid. 4.oxide.Th iF &1 @l 2 wherein the oxide layer conprises a
copper 5. The netﬁeggﬁépgﬁegﬁ?n4 lerein the acid conprises an organic acid.

The nethod of claim4 wherein the acid is selected fromthe group

6. consi sting.of acetiThémkBod bOEMEIE 13@iefbin BedhelatiAg hbnt (BdeRRlcd fRfh the al pha
hydroxy acid, gérécol i c.?ci d..citric acid, malic acid, lactic acid, am no
acid, glycine, P RRsisting Of APy 80%g] ut am ne, and |ysine. 7.oxide. The
met hod of cl ai m B1,itted,6ihexithero?jddpentanpions dsl, i fberopemntmeR, Jdéonspt hod of
claim7 wherein - acH hSeS: | hor i [ d., A nmet hod of claim?7
wherein the aci di ’?gngg%l]g%@g}?‘%-?’o%apﬁg’ _igg’gh‘gﬁ’%@%‘%g%‘%ﬁ’%g‘e‘%l%a * hydr of | uori c
acid, buffered h3d:i0sttetramethyiepancdrndinne etitylensdiaténe diacktigmmidnandn

bifluoride. -10 pitrlotriacetic acid.

14, A method of depositing a metal film on a substrate comprising the

steps of®

a. maintaining supercritical carbon dioxide and an amine in
contact with the substrate to remove an oxide layer from a metal
surface of the substrate, thereby forming a precleaned substrate ; and

b. depositing the metal film on the precleaned substrate without
exposing the precleaned substrate to a material which oxidizes the
metal surface of the precleaned substrate.

15. The method of claim 14 wherein the amine is selected from the group
consisting of triethanolamine, 2-methylaminoethanol, pyridine, 2,2"-bipyridine,
and pentamethyldiethylenetriamine.

16. The method of claim 14 further comprising the step of maintaining the

supercritical carbon dioxide in contact with the substrate to desorb an
adsorbate from the substrate prior to the step of depositing the metal film.
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19 August 2004 10. The nmethod of claim 1l further conprisi ngqﬁg Gk 980 pf
mai ntai ning the supercritical carbon dioxide in contact wt t% su%strate
to desorb an adsorbate fromthe substrate prior to the step of depositing
the metal film 11. The nethod of claim 10 wherein the step of maintaining
the supercritical carbon dioxide in contact with the substrate desorbs an

absor bat e {iom t he .S'T'ge%{nh@lb&oféiaim T@% g&ﬁlp&g Sg%r? Erl%m ieﬁérﬁ%her conpri si ng

the step of maintainin supercritical car OXI1 a solvent in
contact with thesupgtssitiealtcarbog diexidmipeontactoniththe sybsteés desofhs amabsmsbae oup
consi sting of a phALRE /keite. @ photoresist residue, and an etch residue
fromthe substrate prior to the step of depositing the netal film 13. The
met hod of claim 1 wherein the chelating agent is selected fromthe group
gogsilsti _n]gl 8. 2, 4- peM‘Eemiﬂlg@efcla&m 124 ?rg;eﬁcﬁﬁﬁlesgﬁé tmats%ﬁ,nﬁgt@mﬁmﬁei one,
,1,1-trifluoropentane-2, 4-di one.. - di e pt ane- - di,one,
22,711 met y! oUPERAGA gadion Aiide Ang Lot o SR 1k RSB RS o,

et hyl enedi ani ne whmyetniresidusisdlectd drommthiergréupt sonsiséng of aphatioredigt, aA met hod of
depositing a et Glorfiklith 0, SHPA! £ieh FoskRIdn? HGubdiite SHARS 1R sterfbr

mai nt ai ni ng supetrcritical carfbon di oxi de and an amne i contact with the
substrate to ren@ﬁP@Slﬂﬁg&@iiﬁ@!aﬂ@%r froma nmetal surface of the substrate,
thereby form ng a precl eaned substrate ; and b. depositing the netal film
on the prec]eaned substrate, wifhout exposin he precl eaned substrate to a
materal whiSh oxi di 24nahe olhdspoittivg R angrubRE Ef R B de S at 0. 15,
The nmethod of clai m 14 whemeintaihihg s@peraiicabeasiednadideide i amtddhevidyrthelp

et t trieth ! - ; i
L bt pyei dine. and DeRieiEs 67 LR ATHARSH Ao P Bk Seicated )
claim 14 further conplemithygione censigtingfof ampbrodhate angl anadsobatsdramithe cal

carbon dioxide in confGlaith&ebPoraudsd ddbfel Quiteags b an adsorbate from
the substrate prjor to the ’st%gl_igé]@gepos' ' fal film -11 19 August

tjng the netal
2004 17. The netPod of cl aif#hs #wrﬁﬁé@ﬁwemaWMmepw@& he
supercritical carbon ¢iagbeti@ithtuteRpésigd theidesorbdiEsubbtbat ted Satteiabwhizhan

absorbate fromthe substrate. ]tﬁ Tﬁet _metdhod of claim14 further
conprising the step o HH‘BFH?%YOA? 63?1' @ anl
c. depositing the film on the desorbed substrate.
20. The method of claim 19 where in the film comprises a metal film.
21. The method of claim 20 further comprising the step of maintaining the

supercritical carbon dioxide and a chelating agent in contact with the substrate
to remove an oxide layer from a metal surface of the substrate prior to the step

of depositing the metal film on the substrate.

22. The method of claim 21 wherein the step of maintaining the
supercritical carbon dioxide and the chelating agent in contact with the
substrate further comprises maintaining an acid in contact with the substrate
such that the acid dissolves the oxide layer.

23. The method of claim 20 further comprising the step of maintaining the
supercritical carbon dioxide and an amine in contact with the substrate to
remove an oxide layer from a metal surface of the substrate prior to the step of
depositing the metal film on the substrate.
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supercritical carbon dioxide and a solvent in contact with j§ @gtg%ﬁ@te to
renmove a residue selected fromthe group consisting of a photor a
phot oresi st residue, and an etch residue fromthe substrate prior to the
step of ' depositing the netal film 19. A nmethod of depositing a filmon a
substrate conprising the steps of a. maintaining super critical carbon

di oxi de in gpntact W’fﬁ\e%@ﬁpé%bé rﬁbsfﬁﬁecgméﬁ&m ﬁﬂaﬂﬁgg% to
renove a sorbate sel ect romt con | st an_absor bate and an
adsor bat e from t Aiwercsfis t%bpe gy % Yemt Hbcoalf%gf&ﬁ@éw@a%? [%te: b.

transferring theretiesonbeddiesskctedtfmn thegregrandising cfsphaigresishamber wi t hout
exposing the desg{d?&‘és &f@sﬁ&ﬁéﬁ%ﬁ? &fet@h?@sﬁﬁi’e ﬂng\Mé' ﬁgstraft ﬁ@rt&tﬁéos%%ﬁ“ le

sorbate; and c epositin mon t sor be trate
met hod of claim QJ’OW’PBE e’lrﬂetﬁln@n?l | mconprises a netal film 21. The nethod
of claim 20 further conprising the step of maintaining the supercritical

bon d d el t th bst
Femove an ofi'de | ayer IORAOREPaagp st B PHEbHBL Pt Bt B o the
step of deposustqgsd:fhe metal filmon the substrate. 22. The net hod of
claim 21 wherein,the step ﬁgm%ﬁ%%\,éyrﬁﬂw%h&rb &g&ﬁgﬁ*&ﬁé + GALRRL di oxi de

and the chel ati ng agent in contac strate urther conprises
mai ntai ni ng an aci d i Wbsleate triemgvea S@fbétesi?l?frteﬁaff(én the groun eppsistingobas d

di ssol ves the oxide |@é@fbate?§ld a}l{fﬁgsd}'gﬁtg(ﬁ@np{heg{l@gtﬂmeZO further conprising
the step of maintaining the , ritical dea amne in
contact with t hgb 'subst r at én?IG‘ a“?‘@%@??ewa?fcﬂ??"gémi 893?0’“? ‘i%@gﬂpgsur face
of the substrate pri oagenhtintdoatast eith dfe sudﬁrmstotneﬂgvé e oxide &dyef frbimzon t he

substrate. -12 19 Auguist, %qua%e%flthe-ghg fm%i of claim 20 further conprising
the step of maintaini ng S percr carbon di oxi de and a solvent in

contact with thec.substrat @Lbeeqmeﬂmd@oaltmgghmetahﬁlreen&m subsfrate Whoutoup

consisting of a phot Oé}&r%blﬁéth@sub&t‘&éRf@ﬁfs?fnafc‘?ﬁl #HRA fm é‘ﬁbrf%FaBlé esi due
fromthe substrate prior to.the step.of pasi. t a@gt he net al I'm 25. A

met hod of depositing %’rlhgé?ﬁllloqtpldﬁi’%tl%@ﬁﬂﬁ4lﬂ@ ﬁ‘ﬁmoﬂ‘ﬁ@oﬁlﬁéth%teps of :

a. maintaining super cdubkirstato £ sscoad el Haichfosfthaokider fphbriche substrate
to renove a sorbate S& Iecbed fro ttli'le group consisting o absor bate and

an adsorbate from t he®@3¥ ng{én

26. The method of claim 25 wherein the step of maintaining the
supercritical carbon dioxide and the chelating agent in contact with the
substrate further comprises maintaining an acid in contact with the substrate
such that the acid dissolves the oxide layer.

27. The method of claim 25 further comprising the step of maintaining the
supercritical carbon dioxide and a solvent in contact with the substrate to
remove a residue selected from the group consisting of a photoresist, a
photoresist residue, and an etch residue from the substrate prior to the step of
depositing the metal film.

28. A method of depositing a metal film on a substrate comprising the
steps of:

a. maintaining supercritical carbon dioxide in contact with the
substrate to remove a sorbate selected from the group consisting of an
absorbate and an adsorbate from the substrate;

b. maintaining the supercritical carbon dioxide and an amine in
contact with the substrate to remove an oxide layer from a metal
surface of the substrate; and
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b. maintaining the supercritical carbon dioxide and a chel aqb% a9Rrpk i n
contact with the substrate to renove an oxide | ayer froma gF surface
of the substrate; and c. subsequently depositing the netal f| | mon the
substrate wi thout exposing the substrate to a first material which forns a
nonvol atile sorbate prior to depositing the metal filmand w thout

exposing the substrate tos@os@@f&myd Ririgd p»{ztﬁﬁlﬁ% eédagtr&émoﬁflor to

depositing the nmetal film @é ereln step of
mai ntaining the supefERISHIEdEss Fﬁtﬁﬁoa HH%P&?’?‘W&)& ’j@ent in
contact with the subsmrbaIE@nbuthctﬁ@osmngﬁwmﬁsIﬁiaimdawﬂnomemsmgtﬂel n
contact with the subs I xi de | ayer.
27. The nethod of cl alg%l%hgteté%ﬁcoqlh%ar%ﬁh?ﬁ%}pﬁoﬂg§§%g\éﬁ%f nglérzt ai ning the
supercritical carbon E}FI?B?}H’@ ‘?l’ale’éi‘g vent in contact with the substrate to
remove a residue selected fromthe group consisting of a photoresist, a

phot or esi st 5 esi due, t e fromt.he L Qr o t he
step of dep%m ting tﬁggﬁneﬁlq% ‘%%Q}a‘m%fg’gﬁ%‘n%mga‘% ﬂ’o@é?f“ﬁgﬂ%{n Cal film
on a substrate cowpsrirgicacarbrn diexigpandd soluent imiontait mithghes sybstrateite i cal

carbon di oxi de | pygRRtAckidud g@e&ghe% ?ﬂgé%rbg%gca{sgtﬁggg @tor%@if'sP%t e selected

fromthe group consist]ng ate romthe
substrate; b. naph‘?taieﬁish’ﬁsldﬁé @Gﬁﬁle&hlrﬁl@%ﬂ frerg thyob &F%?Pﬂ@f tarthe gtep ahi ne in
contact w th thedgpsiinzahembal ikgpve an oxide |ayer froma nmetal surface
of the substrate; and -13 19 August 2004 c. subsequently depositing the
nmetal filmon the substrate without exposing the substrate to a first

mat eri al whdeh fornms & methodbhdétositing emetsldfilpréoa substrate pomptising thehe net al
filmand without ggxpesi ng the substrate to a second material which forns
the oxide prior to depomhg& the netal. nh 8 giée ni'ftlhod of clajm 28
further conprisifig the stef? alﬁ’é?igﬁflﬁ‘?rﬁ‘iﬁh‘ij’ fafaon digxidecd Fhelating agent,

di oxi de and a sol vent an acid ancatact withithe hidbstato suchathet the acid éimsvieenar esi due

sel ected fromthe groypde Rt BbinOmehl &rPROLAMHE ShfdratePind é?‘rsﬁait‘ﬁtai%
resi due, and an etch ]El] cﬁ?luﬁ fromthe substrate prior to e ste

depositing the netal BS agENLEATHEYAEY BEYALRS Msereby fﬂlgl[llgg af | I mon a

substrate conprising ptesleaned substrate; and
b. depositing the metal film on the precleaned substrate without
exposing the precleaned substrate to a material which oxidizes the
metal surface of the precleaned substrate,

31. An apparatus for depositing a metal film on a substrate comprising:
a. a transfer module;
b. a supercritical processing module coupled to the transfer
module;
c. a metal deposition module;
d. a vacuum module coupling the metal deposition module to the

transfer module; and
e. means for transferring the substrate between the supercritical
processing module and the metal deposition module.

32. The apparatus of claim 31 wherein the transfer module comprises an
entrance and a first robot.

33. The apparatus of claim 32 wherein the entrance comprises a loadlock.
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steps of: a. maintaining supercritical carbon dioxide, a chehaphngopgent,
and an acid in contact with the substrate such that the acid dissolves an
oxi de layer froma netal surface of the substrate and further such that
the chelating agent carries away neal ions, thereby formng a precleaned
substrate; and b. depositing the nmetal filmon the precleaned substrate

wi thout exppsing themqﬁms&&f@aiﬂswﬁmeﬁéb ri¥Bigemiindrt WY iG] c@@ﬂ di zes the

nmetal surface of arat or deposi ting
a netal filmon %&%%S&tegt‘{o(ﬁsﬂﬁ Fchl%glls éég%é)d%;esfl@bwg? PR u? . %

supercritical prm@églgupﬁgmﬂﬁs@mﬂ@ertw;ﬂnwomemhe transfer nodule: c. a metal
deposition nodule; d. a vacuum nodul e coupl ing the netal deposition nodule

to the trangfer m)du and .e. ro.transferring the substrat

bet ween theﬁ]iuper cri t#ﬁa?ppafﬁr%sc E}“ﬁ’gﬁrﬁgh?rmg}?&lsﬂgea PP PHEBSSHPE gn

modul e. 32. The t@dpeatransfer medule ﬁichlt@! imapgretion tha &ransfemspdyle ppatatesatconpri ses
an entrance andv@uﬁmrst robot. 33. The apparatus of claim 32 wherein the
entrance conprises a |oadlock. -14 19 August 2004 34. The apparatus of
claim33 further conprising an inert gas injection arrangenent coupled to
the transfefé.nodul e sTehappaeatus of chpier Bt Wheremtike vacansmedulerogiupriseprovi des an
inert gas envirogeid robdp- The apparatus of claim 33 further conprising a
vacuum punp coupled to the transfer nodule such that in operation the
transfer nodul e operates at vacuum 36. The apparatus of claim 32 wherein
t he vacuum ¥hdul e conPhé sgparaus &ex]:aichérﬁxkthér coﬂﬁnrisiﬂg&u&ﬂ)@&&t%ﬁveof claim 36
further conprisi \A a cou n e transfer nodule to the
vacuum nodul e. @’Q‘Pﬁﬁ%ﬂ{a‘*&g@#g ué)\éo%tglﬂﬁvrﬁc Tngo(#ﬂ conprising a vacuum
punp coupled to the vacuum nodule. 39. The appar at us of cI aim 36 further

conprising gg | oadl OCkThé%g) Qq:% %hj;ﬁ t he
vacuum nodul e. 40._ The appar at.u mcslcgd%h%i& rel n ?::EP? 1:e(&:)al

processi ng nodul @thevacuummodue

39. The apparatus of claim 36 further comprising a loadlock, the loadlock
coupling the transfer module to the vacuum module.

40. The apparatus of claim 31 wherein the supercritical processing module
comprises a pressure vessel.

41. An apparatus for depositing a metal film on a substrate comprising:
a. a transfer module comprising an entrance and a first robot;
b. a supercritical processing module coupled to the transfer
module;
C. a metal deposition module; and

a vacuum module coupling the metal deposition module to the
transfer module, the vacuum module comprising a vacuum chamber
and a second robot,

wherein the first robot and the second robot are configured to transfer the
substrate between the supercritical processing module and the metal

deposition module.
42. An apparatus comprising;
a. a front transfer module comprising one or more supercritical

modules configured to treat a substrate with a supercritical solution;
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conprises a pressure vessel. 41. An apparatus for dep05|t|nggp‘u ebaba film
on a substrate conprising: a. a transfer nodule conprising an entrance and
a first robot; b. a supercritical processing nodule coupled to the
transfer nodule; c. a nmetal deposition nodule; and d. a vacuum nodul e
coupling the netal deposition nodule to the transfer nodule, the vacuum

nodul e conpri sing a vacuum sireekfer idduR coasieMth ﬂl@tf@httrmrehcsmﬂé]%é‘l rst
robot and the second G; 3(% a% anlf gured to transfe(#B suB ]tgrate

bet ween t he super crit P3P SEROETH GORBHEPE OBh 8T TRE (RRCMON BOFBSF ¢ i on
nmodul e. 42. An appar atmﬂigumdpodsposgalayerafﬁramﬁal butanisd e¢atetoahbbteate;qimgdr i Si ng
one or nore supegcritical wth a
supercritical solution; 1?%%%&%&5\3?&%6%%&%&% %?n:tr@%%{ {rﬁ{éﬁr
coupled to the front mpdlﬁigﬁ@dthﬁdngk@aﬂ&fﬁénofbd@wlthﬁtaﬂpwng@étﬁu@h@tfntpr| si ng
one or nore depositi ofpeRGHESentcONfigured to deposit a |ayer of materi al
onto the treated substrate; and c. neans for transferring the substrate

between the front transfer nodule and the back transfer npdul e w t hout
exposi ng t h43.subst r at Thé gppatdnes (ﬁm(amhmm&elrﬁﬁe mﬂﬁﬁs ﬁiiirht’aﬁéﬂaﬂﬁl ghe cl ai m 42,

{ranet or modul o ke e@UE Rl R ee B i 28 G R EEReliE S,

transfer robots. coidprisehena@paozttugsief rabbtsi m 42 further conprising a valve
for isolating the substrate within the one of the front transfer nodul e
and the back transfer_ nodule. 45. The apparatus _ of claim 42, further
conpri si ng 4| oader nbeRARPaFasEs ofickaimgidy I (TBPTNIRGA Falve forjwlatingdhe

apparatus of cl aiybstiste wifhe! @k Rné BEthe FRAL rafSPsUh&dulS atPUR beck hanstdae front

transfer nodul e.
module.

45. The apparatus of claim 42, further comprising a loader module for
mtroducing the substrate.

46. The apparatus of claim 45, wherein the loader module is coupled to the
front transfer module.
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