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15 contact resistance between a substrate metal and the metal film.
In the prior art, the desorb step, the preclean step, and the deposition of the

meta) film take place within a cluster tool so that the substrate is not exposed to
atmosphere between the desorb or preclean steps and the deposition of the metal film.
The desorb step of the prior art heats the substrate under vacuum in order to
20 degas the substrate. By heating the substrate under vacuum, material adsorbed to the
surface of the substrate or absorbed within the substrate are removed from the
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 asa 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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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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processi ng step includes desorbing or precleaning of the S“P@M@S%QOM
BACKGROUND OF THE | NVENTI ON Deposition of a netal filmin sem con tor
processing often requires desorb and preclean steps prior to the
deposition of the nmetal film The desorb and preclean steps assure good
adhesion of the netal filmto a substrate and al so provi des better contact
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What is needed is a preclean method compatible with metal deposition that
does not use a plasma.

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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i nt egr at ed %?PP@HPS@W?F corner clipping reduces separation of
adj acent i nes IAamrahggto)yeuraa@themspbdmf&ieqﬁ-bsrehtmk/enﬂdm thefecic @RBAdddes ween t he

adj acent || Réthod N?Elep%rs]ft (ejl%"e SA g&bes{rat%tcgrrﬁpg&%g lﬂ'?easr%epcs ol'fsmamtalmng
supercritical carbon dioxide, a chelatmg 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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with the subETAILEDIDESERIMEOANOF 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
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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of an absor babercatnl a@bon&d@p@cﬂ&aﬁesfamh& bieelaesb I thetseperdrhietlateyorb sepi ng a

desorbed su b %tsgbstra{eqplsn in alneg gntﬁunet gﬁﬁ{?&b CP%%; {)n%teﬁg{)s%d f secon d

processing c er W thout exposi e to a materi al
whixh forns %lpwetrw@l aarbqneh@me@evmh dawdvsaém%thm%ﬁ@wﬂw apsarbgdgpaterialfe desor bed
substrate. Ag&RiHdsOBsttaz. ONe aspect of the present invention, there is

D e 2 et o i ord R e MerlisfiB Bl fB:08 BnBHRSLIALSLREAP! | o} 10 LN

steps of maintainin n con th the
substrate t oacicasonadl %t@dﬂ%ﬂ@w@;@%@Féépmﬁraéﬁﬂleﬁb‘ﬂ@tﬂwﬂﬁdﬁQQ%QCF Wihof an
abs orbat e angle aibs@4ts.OThadcR! detsapdisiidvestibsiidawile thedheltiaf BgdngattdoRes to

Suer o1 U1 3o SR X LIS, BeaSLALARpg0eNt 10 contact with the

strate t surface of the substrate;
and subsequent | \Prefersblyi the ﬂ@lztuné az?@télselﬁqt¢¢ﬁr@ﬂ ﬂtereowetpﬂalpé wi t hout
exposi ng thez&p&ﬁﬁrfead@ac 1,0,1%.6,6-h&daflosrb e d-pdntankdiede, f or s a nonvol atil e

sorbat e Il of 1 G ARRSRLENDS ARG Al i ilyA0d ugflout exposing the

substrate to’'d rior to depositing
t he met al f|3?-n7 tm@etévleftwy%ﬁdw@@a Zoh® b tairamgdykheptage-3ndioRg esent i nventi on,
theye i s proyhi@@ddiamineriidest aafd @BIR9)] dndngriktrieétd acfd (NTAON a substrate

conprising the Stﬁ&‘gragl& tH@h b Al g(%fr&%{@?&r%q%dpt oﬁﬂ)hmggﬁ %aﬁﬂ:%

chel ati ng agent aC| I'n con e sucﬁgt hat t he
aci d di ssol vsgnersanikeibdepsgaing wnop thepariopler oxide thaids bejng peglemetnst rate and
further suchprifagblyl the offgpatidiingsed f apiicikhn b doppavxidee Mure plefeaabbyl
substrate w r erial which
oxi di zes t heftoﬂg'? %fc%fégfﬁﬂaéégp&p %tdﬁ tﬁ&&@ﬁﬁg%@g%@%g& ?grﬁ%eag&%r ding to one
asfect of t HROMPFigiasAgetic agid fpmyp acid, Héﬁléc acid a9d sqalonitiacids 2lpka hydrary sidsor
deposi ting asubleisdlydotit midRitAc saidnsﬁmtaad@ampma &id)9r aminb acigf eaxcheodul e; a

supercriti ceélyc%eoi%%ﬁé @&E@g%hg%%ﬁ_l%ggog]g shd1e transfer nmodule; a netal

deposi tion a vacuum nodul e coupling the netal
deposi ti on nmodul @f%féfa'?]bieth? fgreapie acid iryeed r 2 gregleamalAUmigRIidss MAT i ng t he
s ubstrat e bejrsferbly! foe tteppelean bf dloainupraiesthe NYrganieddidds sehdttcdifommbe al

eposi tion g@&wecgymﬁ%ghgd Qfgl.%otng 2 El%é‘ﬁﬁffe? Gor@brid Xb?c} &r{ﬁﬁﬁﬂéns sient i on,

there is pr us Slt ng a M on a substrate
conpri si ng aAstapaesfuss fl a%ﬁ*ﬂ)‘%‘ ﬁ@’“&ﬁ entrance and a first robot; a
supercritical pr @qe&&tlv@y,mmdmlp&cﬁemabpm tiee chilatidg apentfaad tendid2¢ a net al

e o, BB oy A et 3 MR | S MR W ick N (B awlORRE ] O

nodul e to the*tran e vacuum chanber an eco robot ,
wher ei n t he iPps: Jirefpiagblys the praing F?escbfé@éﬁﬂmrtb%g?“&?@l%%lt@ﬂP% % r ansfer the
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

5.



substrate between the supercritical processing nodule and t
deposition nodule. According to yet another aspect of the E@f@s r??bom
|n\ée|nt|on, there is provided an apparatus conprising a front transfer
nodul e conprising one or nore supercritical nodules confi treat a
substrate \W‘?W"a&g@upercri tical solution; a back transfer Pcﬁ%ﬁ‘lqlé’&@oupl ed to

the front trb@i&ﬁ%ﬁ[hemq @;L)lreés £ HaGlovdr PRINA. FBEHLE, G0 IRVer pleB@rOiBe or nore
deposi ti on nodul es conld;rgsére to deposit a layer of material onto the

treated suldBeyedheeritcy Yhs for transferring the substrate between the
front transfer nitebupercaitichl titvortmapi@4tis profskably proichithe superpréjicel RIRP®I ng t he
substrate tQh . SR LANTERs adfRbi o e SGRIEl bRl inPRAVENGEE G 1

schematically illustrates the preferred nethod, of .t resent i ntion.

B G2 schertlidERit el PSP R LT R T A Bre e SR C O

i nvention. thd €RamBed i hntipat esimpeveghefupercdicahdesatd steds tEmalitlist er t ool
of the pr S G supbBHEOH 1A k5 DAL FEDRESCRIaREIpAN: QEp, Biiker BRGREIRAER EVBODI MENT
The preferre mgthqd of the present invention is schematically illustrated
in FIG 1. UhWPHrBAY PEHHARIE 20 deposits a metal filmon a substrate.
Preferably, the Psiitrablyatueng theaumemiticapitean andsdeberbsieps 2Aavd #y ¥ a hol es
t.*lpough a d't&hﬁtﬁ%ﬁfc%i%ﬁ@ LlmbePis vAThitRE Binby b0 B 60 °¢. axRmariéion t he met al
fiTmis deposited on the .sem ﬁonductor_ su gtrat thef\ et ftﬁel m cont act s
t he under | yithgtempetaurg Withip thechamber i Maip3ing .CIR%FzémpﬁFae rgrlggq%l/c, t he

sem conduct cubstaest rat e i ncl udes via holes and trenches in a dual

damascene struct ; t | la |
Jamascene struct eérne_{dﬂdéﬂaﬁn&vﬁép HOTRTHFRERIPAtHRUNY Petal filtr sthal | ayer al so

rlyin tal | t th i,a holes.. Al [
roral 111 m et et e sy B e b g S Shedbebpat O 1T
cast act s an leyepoTledmerel depositionfstap @6 preferhlly degtosity themetpbfilsy wihin dheevia The

preferred j ettt
! %gg (@)Arabﬁxe RREd] BBS cohtRUABE Eideil{if el RGdre RRfGHAP, tRmetal

Super or 1| caeposPet ot Bmiat Vi TR tet G| ok e B e
supercri ti cahetalhirpindionasteg 263s a phyeitalvapiryepospion dbVPbProeqser cri tical carbon
\C/I\I(:)O)(;I:I_?nggg gc_(l:_h%ésiggﬁl 3278ﬁ:ﬂtbetw-aagl_?the@@pe%&itié@ﬁiﬁ:lea&@ﬁﬁer&itﬂc@l deBorBund5 30 35
sWercriti caneRLEBYHE; S{)E)PF’(}g’rf‘éeﬁ%‘i@Q\t/ﬂ%%ﬁgsi{ﬁtlcqsoﬁo?g;é&g%& 'Ito%gn ét!}l'lﬁrc’ie? FlhiGng et al
| ayer to forotharigedeatwbichoill form anedeoliufie adsorhatesn theryybstray poiEMIngG| car bon
f"hox' dg car riofs a AR61d:iNeabs i@ viin thdsubfifie UpeRiek Will alt vieshe b step 24,
& substrat e | Homhi 15 %ale 'S RYABLERE I ioRber BT YecAiaes XxPOSE O
brief exposure to vacuum at an end of the supercritical preclean step 22 or at the end
25 of the supercritical desorb 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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supercritical carbon dioxide, which desorbs adsorbed materi %ﬁu@?st%@é@rbed
materials fromthe substrate. Mre preferably, the supercritic precl ean
step 22 conprises maintaining an acid as well as the supercritical carbon
di oxi de and the chelating agent in contact with the substratg mle acid
acts to di ¥@P&Bhe oxide while the chel ating agent attdcHES V548 0se

metal ions %ﬂg{iﬁg&rig %ﬁ@%@onﬁﬁ@sdb@ﬁbﬁé WBicBter, R )Supefliféf pRBlexn stép 2 chel ating
agent is selected fromthe

> group conpr.l sin 2, 4-pentane-di o
1,1, 1, 6, 6, 6-BLHFF If6 %r@sarop@ﬁm%a%%@ﬁ&,w# f‘i%‘érfls-tﬁ?q ‘ﬁ? Er"o“?‘ E}‘L’e}ﬁl ane- 2, 4- di
one, 2, 6-di pietcayktbgpt ane-3,5-di one, 2,2, 7-trinethylactane-2, 4-di one,

2,2, 6,6-tetramet by *&%@é}@ﬂ&aﬁde@&rb%gact @k a8 MedinaMdebeiaogiec aci d
(EDTA), and nitrilofriacetic acid, NT%%f Preferablrﬁ t.he agslp é‘?e sel ected
frémthe groapuEbRseesibrsuarra Y Bselieacesive EHPFABIGERTE“SEF M dependi ng
upon the parstbsetalepwhiok isthepectadly imporizet fogthp pelyineded diclpetas ewightly t he

organic acid is paed i QlonRpRiROI6REs RhuikeRAR! i HesupdRticpprbREADl y,  for
t he precl ean of copper “oxj .om t he group

i de, the organic, acid el ec
conpri si ng &EEE2REr HEisupergric) desrp igp 9%5?51’ P%“@E?d&aaﬁb‘a &E% %%Fn(?{“écci d; al pha
hydr oxy aci dfethcalof bheqsesghtyioention, s supercritical medeandtepR@lané thgdierlor | actic

agjyd; or am.Fgﬁg sﬂﬁ)iHQFpﬁﬂ Rfrorldtfat 1 sufRt@iticsl Qesdrie tep Deis nedparfdfnedg| ut am ne
or "l ysi ne. reler ab the 1 no

, rganic acid is.used for.a pre of
al um num oxilaa secRpd %1¥3”ﬂﬂ“§? @F%P@?thf’ BFC“E“IHE‘VBI?@BI%%%WP%‘F“%‘?BCI Sﬁllt}f%n% xi de, the
i nor gani ¢ ai4ding thesudta depmition owrp Chere pgriompdbontbe Fuperigitipal drasicrr@er ¢ aci d and

buf f er ed h)’%ﬁ“cﬂg&‘f Gi th £ @fAH@h QB Snefida B 18 DB Ve htior the@ictdle and
amoni um bi fTuori de. Al

[l ternatively, in th recl.ean.step,.22,.the chel ating
agent and t HEPesiiog siEped 0?3&%%9@33%%7"%6 B'P?fq‘r‘?g.’s THACHRY AL AIPEE ., di ssol ve
t hg oxi de an@pssitionatapy Imthayleradtk deposition step.affdmeithey than e metpl{dmiis sel ect ed
fromthe groyp,&ONPS Ihsistuhiel €t hanol am ne,  2- et hyl am noet hanol , pyri di ne,

2,2 -bi pyridine, and pentanet hyl diethyl enetrianine. In upercritical
precl ean step 22,"‘@!’1’6??%]6%“8? iheaﬁi?ﬁaﬁﬁ “\ng}:ﬂné? %Cbgrﬂ%_t%%ll%r.essuri zed to
an el evat ed ipuseasd ireFiSk Ce@t¢ foyrth hiternative impttiod 3P eddsur swperpdiiqahgsideqper cri ti cal

carbon di OXirgxﬁo@aﬁ]geggftoﬁn@bﬁfc%gnﬁ%ﬂ@ﬂ.a"rl‘i‘e fubQ¥EskaOMSidud RehosalkebBate.  Mre
preferably, t $

e supercritical carbaon dioxjde, the ghel ating. ag and the
D are i 1Temews SHEe AT aY fsir e s SRR B e PO e )
car bon di oxipecding etchiag smpjiphetosssist hhskvportionsert thﬁkﬁ@b@;@@sqortb%t@nlﬂ n order to
achi eve SUpeJnﬁ{aFllEe'd%?‘hioﬁQMhé bideParhrk BicRed. hﬂe%téﬁﬁig@febta]sﬁélché‘shﬂé‘rber :
n a

L mper at ur o, PROUSh YEgpamEmer g b b G PRI a: Ge iy Gl B e ) el ea o
| east one anmchingsidpithere ipseme Serfai@inAplpioresist ©0 the\yabrelegpd BB rESTIsYSGh / 13278
bejgween the é&i@}é%ﬁ gn&&ﬁﬁﬁ%s@d&% (Re uSWRNe. PIHAS I @sidiy Rinainalylon.thd he | over
préssure is above the critical pressure Tge sugter%%lllet‘ 3. (ilgs%%,b step 24
i's pref er abl oyt folewipg de &%%@%Pt‘?ci'ﬁ{es [ BEPIRIEASt TSRS b HepuBRle.
| i qui ds adscmbedssthdy thh eersaafisg platteresist. Absepbredtical raside ramovalptiZate 5 wil |
desorb duri ngiRe. SRR thd iubattard¥ R 18 bidkib ethd Supefr¢aichiben tidgide enper at ur e
wthin 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 filed
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 throngh 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.



the chamber is anticipated to inprove the supercritical des @; odd-
Al'ternatively, the supercritical desorb step 24 is perforned as a separate
step, either before or after the supercritical preclean step 22.

Preferably, [ the supercritical preclean and desorb d 24,
SO s withi feGpypan 3"

the 10 te Wi thin the chanber is within the rang and 100C
Al ternatively, tie 1&@%@6@thetwffom anshemehasbdor 46 trgirattabngd bel ow a

t enperat ur e Igti"tnl'lth%l{pgll'Cfl} F;ﬁ mogule §%Fl % %2—({] $le?‘?(§ Ak ¢ fiﬂ?a?llgfte} 9.8?1%& Of,26 conprises

deposi ting t'R e substrate
i ncl udes t hebagk fansbiraeodnls SQH%CQHE’Gé (9 e ﬁgﬂtﬁep@tpr @edqlfa%ﬁ valyg 6. nfitea

dep?ﬁ I E I ?E Saa@ptrZ&f@rnaa‘dareamdx sdexmﬁtﬁe fifst thiegheduadh rhdrdl Alepdsitioh modhles vi a  hol es
SO a e ont.acks, A ing netal layer. Preferably, the
T rre PR 505l HAARE ¥

metal depo vapor deposition (CVD)_process.
Alternatively, t HeOPmeQilL flﬁé@@ﬁ‘t‘méFFOBtt@ﬁmE%“t“éP%]SW@?E’)a% ® deposi tion
(PVD) pr ?C eSel'inpld)ﬁmé $ sthixda ey ﬁx@iﬂhﬂl&dﬂ&kerﬁe& (B0ETF) tdiren dpei€with thedbadpr ecl ean
supercritica S t he
sugst rate i s™ ?Icg'? ‘g( (glc'fg yo 41%%1@3%?& Eéri?ﬂrésfsteﬁﬁc%nd&ﬁ% s&lﬁstra@ﬁjz form a
nonvol atile uuslmwmeeche% aghied, @dﬁb@'ﬁe&‘tl@a Wghelean Rﬁﬁ’qeﬁs ri&e loadefrab Shonvol ati | e
abgor bat e Wi gifers I Rmsdsasicta sebstrate 7DMiosthwfitst pddedBab thad firke loddtock $0bst r at e.

Formng a V:ﬂf at! lc&oc%%% 50? a%d??pu&tﬁa%d?uﬁzﬁﬁrﬁlt '?hé l%acﬁgék 6%% {he ﬁggn because a

brief expos vacu um ercritical preclean step 22 or
at the end 2he frt)ﬂtttwestulp‘}@fil&? 44, whigh igeyasuyns 1 foont tﬁﬁftstﬂ E'aﬁlélefqbﬁb %ol atile
adsor bat e t orfufetdthy setasmtictord substfael 72 t6 theFirstatyereriBicalichaiuleyt8 vimratheg a

Wit cause tHEvgnica Prebtin AR, AREOHTRG, ISR, ERRILE 1D e

Heor rom substrate
Prigf erabl y, addisiosalissmicapductos Su’ﬁﬁﬁﬁﬁsaﬂf%@édqdrﬁ%ﬁﬁlfﬁﬁtﬁe@t}@é‘e% ttff?éc“stuper critical
precl ean, supg{I6dK 60 16 @le se@maitoughnRird@ipalcridepanitlenA9-St eakern@Rely?24, and 26.

30 AL ternat | yekbuptit. SRR S APLILALARGAD an | nerl gas environnent

bet ween t he er cri i Sreritical desorb, and net al
deposi ti on steps,Ome the?&?"«f@tﬁtfﬂ%e‘ﬂe%é‘i‘ despristepfei2iang 24 aBAMREMIBR  does not
for m t he nongglichtilctoradbaaledRes HokfetBefromalsfilseduptreritiabmodiet 48 tolye usi ng t he

ercritical aagtrgnst&%?bd?ff'gboggil tfi‘& gl ]I]et\nlma% qﬁug%ermﬁ;f%@c{u%:ﬁean 35

st pl asma usi ng the
super criticadlso qncetqsemcstrepmez ﬁchflﬁ’@fert%btrﬂ@téﬂ)ﬁhﬂpérﬁme‘fréH""pr ecl ean step
avoi ds cor nejenfidonBitciGubsieie 7236 the figst @tdl depoaitior dgdsle 56 whernldregaland of vi a

hol es, avoid estatl:re pn%(ﬁg llju Jﬁ%hﬁ“ﬂ‘g@gﬁ P{e atd?tﬁo%ajl @enlﬁ%rﬁiﬁ to@Nd avoi ds

deposltlon o) spu |a ont 0" S renc g and of the
via hol es. A?!I'Ht*ttﬁtft?r&ﬁl trapsferyed fﬁ@mtﬁﬁe‘;ﬁ@!ilﬂé"r“e%httPE‘éF“PSWEEF*’éQW dales 4 %é 40 rat her
than the spubligy seedrithpugrthza et Qdposivion Avdabe6T5Pcal damage of an

integrated -6 19 Cﬁ‘n%g %etmgg%p&itijog stjeg 28 Qs c%?np%ét’c, 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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35 WD 01/82368 PCT/US01/13278 circuit that is fabricated O%hgﬁ s%aﬁrate
Moreover, the supercritical preclean step 22 wll cause | esS ge to
pol ymer based dielectric materials than the sputter-etch preclean step.
Using the supercritical desorb step 24 rather than heating the substrate
under vacUPV§3¥egas the substrate avoids use of excess‘%}ré” Hature in

processing the ghbstd attéf—nauw@mettl Béao%ﬁ@r?@lhﬁér ol tﬂ@ﬁﬁﬂtélﬁhsff:ﬂhochﬂwo' yrer
based dielectric materials. eci f rocess requi renents,
d@?Oé’Hé@ fF g

ei ther the sUASERHE At atmespheric EVE?SE‘E%?“ igprt 5??@“ ‘E]?Pé‘?eélf desorb step
24 may be unesededictdrivaterf Ir bt fiek tlermgitve metal dapbiteh ajrﬁstdzrheolghe@@rrﬂ
I nventi on, tf@&rtlffégﬁ&.g{s cBﬁ;ﬁ(@Jﬁle RloRCt-28r ﬁ‘Jc)@LHe %to@ﬁ@ba{ci@?raﬁ@ér%odugeﬁbos' tion

step 26 are orme e supercr.iti qi step.24 is not
pedf or ned. I/Wsaindbe Brbalermaty el deradtion “S(S‘Sfr BFrgngp {FHIBNt i on t he
supercriti calratdgmenbissbaed t24heafneht trvesfaretaglhledeposi ti on step 26 are

performed but the, §9&85§5][&%’daﬁ% mQ(a?@ép%ﬁﬁor%l@d?er t&; th@flt@?indﬁﬁéd‘nﬁr nmed. In a
third alternative nethod Y posi tion

step 26 of tHBCrERIBhROStRS ﬁ‘&f“i‘l%“%@t a‘?dsg?h ﬂlfiesacoﬁ‘f} ‘%‘tﬁ%tt"éﬁ‘ﬁ&. ve
deposi ti on shejules| 56 4ide&7 adrt ecupkidity @ smg]@@@nmr@mdsteeﬂ“he firttpligmasivRer t han t he
mefgal film 'ﬁetal%?&?ﬁJnQQOIQQIcESEef@H&?&é@ﬁ@ referfe Wictd) d@ﬂorsi@ibﬂﬁio'l y¢ method of

the present invention s sc The fourth

2.
al ternati ve Bt¥oHeRF %lffélsn“éﬁsiﬁ%tt@f’lt%/ql é%"lararteést?ecfﬁgercqtécﬁg?fgfesgtl%p 32 to the
pref erred nmahbdtesZhm fihemesiligepositivs modiles psirdngng teowalules plegyt 32 r enpves
residue r e”We{gHeﬂ%eQﬁnéf&%édhlPe%t TR Q69 fo?%!&ﬁhe@nﬁfaﬁ@a%@k:ﬁgn ?ﬁo@é}.k Mestep. In

the preceding etchin ot or es| st rt|o he substrate so
that only ﬁ‘e?stﬁ@ﬁ“ﬁdtl?‘i"dﬁgosﬁfmttﬂ‘@ ‘%@B@t‘?‘aﬁé 5‘?@“& °"Tfe etching step
als0 et ches a4, 6ahdifledroeNest §, 20A0,cvhictsis Srempbiatddyatictvact indis evirplyet i on.

Ceneral Iy, foll O\tmglﬂe*} dll?%ﬁﬁ'é!réﬁgt&&n%@.kﬂlgtﬂnfthéa?tﬁ@ﬂﬁhdr@ﬁi%nﬁ' ng phot or esi st
on the substrate an ere’| hot or esi S'ithf’res' due on

t he substr at®° fF‘FﬂH‘s’“S’P%ber‘B eda@ewé%wtﬁ%&@ﬁ“ h‘éiah B%p[apgg "1 Fowi ng the
et chi ng st epspirhahdistege vftbe pvattonas defined by thdwppentiérbclgmeh r esi due, and

possi bly the remai ni ng photoresist. The supercritical residue renpval step
32 conprises exposing the substrate with the residue to the supercritica
carbon di oxide and a solvent until the residue is renoved fromthe
substrate. The supercritical residue renoval step 32 is the subject of

U. S. Patent Application No. 09/697,227 filed on Cct. 25, 2000, which is
incorporated by reference inits entirety. The preferred netal deposition
cluster tool of the present inventionis illustrated in FIG 3. The
preferred netal deposition cluster tool 40 conprises a |oader nodule 42, a
front transfer nodule 44, a front transfer nodul e robot 46, first through
fourth supercritical nodules, 48-51, a back transfer nodul e 52, a back
transfer nodul e robot 54, and first through fourth nmetal deposition

nodul es, 56-59. The | oader nodul e 42 conprises first and second | oadl ocks,
60 and 62, and a | oader robot 64. The first and second | oadl ocks, 60 and
62, conprise an entrance for the front transfer nodule. -7 1 9 August 2004



5 10 15 20 25 30 35 40 WO 01/ 82368 PCT/ USO1/ 13278 The Ioade{gﬂp&&goﬁg, t he
front transfer nodule robot 46, the first through fourth supercCritical
nodul es, 48-51, are coupled to the front transfer nodule. The back
transfer nodule 52 is coupled to the front transfer nodule via a val ve 66.
The back transfer nodul e robot 54 and the first through fourth netal
deposition gpdyl@s 56-59 are coupled to the back transfer nodule 52. In
operation, first and second front opening unit pods (FOUP s), 68 and 70,
enpl oyi ng a standard nechanical interface (SMF) concept couple with the

| oader nodul e 42. Prafreéthéd ¥ ddpbsitihg b fletd) FmGR d dubbtrat bympedh@ihas

sem conductgr sgt#_bstrat es 72 which were etched, ashed, and cleaned in a wet
cl ean proce €5 %he | oader robot 64 transfers a senmiconductor substrate 72
fromthe first pad 68 to timeintdinisg shpacitmakcbon didkide landdkhelktifgagehoses and
is punped to vacuum I L f transfer
nodul e 46, which is al;ﬁrlz\?gtagﬁ%tﬂﬁﬁesgp Sft%)a?ﬁ {O't}r% glr?g?gﬁggnlgg%{yg} ?g%jo%ﬁ%l
transfers the seni condiitacepf dglsabstrgtcs thepebydommiag ripredleanap eytsirpte; @l nodul e

48 where the supercriticajeREifiah R mAANAHLSOIR Pté@RRed $dbsA withduFl G 1),
take place. Meanwhile, additi ongl}s%égm conduct or suﬁstr,gﬁ}es are | oaded from

the first pod throughtheengthespre sBRsiragsopgnitadal dhighexidizebthsh ¢ hird
supercritical nodul esmeti@sirface Af therpredéaned yubstrhfee FOUP' s are repl aced by
SM F pods, or open cassettes. Once the supercritical preclean and desorb
steps, 22 and 24, are conplete, the sem conductor substrate 72 is

transferred2fromthe The sethedpéclom ivdereintibudtep efinsiotaidieg theack transfer

nodul e robot 52 §%€%§aﬁé&ﬁ;oﬁ%‘i%ﬁd&?&d tﬁ%gﬁ@ﬁ{g ?ﬂéfig{lﬁmgﬁ Be22 also

operates at vacuu back transter npc Qatr%g en transfers the
sem conduct or sufbsiraie Surther cempriges maintaining At acifbiseontacowithhaaubstsse wher e

the metal  deposich @it SeeRiPBisddvdetheloxil@leser. pl ace. Meanwhil e, the
addi ti onal sem conductor substrates are transferred fromthe second

t hrough third supercritical nodules, 49-51, to the second through third
nmet al depos3.ti on noduTksmethdd 59 claitn Cevitenen thet &id deplested from it g6 i s

el deposi 1 on hou EobE yRHARELR R fR ndrherf AR BT 21 T L0T 4G by the

second transfer nodule robot 54. The first transfer npdul e robot 46 then

transfers the sem confichemoaubshiAbSitieih e died ydlcohfRdOkoRG i ch 15

pressurized to at ngsphere. The sem conduct or substrate i's then
transferred by t#8%:| oader nodul e robot 46 to the first pod 68.
Subsequently, the additional sem conductor substrates are transferred from

65, Later. trore sem coNcETSs cbeBTAILSR REH SRmBE s peenEtecond pod
70 and then returned to the second pod 70.
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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It will be readily apparent to one skilled in the art that {@®pg;Q% 2068
supercritical processing nodul es can be coupled to front transter nodul e
44. Further, it will be readily apparent to one skilled in the art that
nore or | ess netal deposition nodule can be coupled to the back transfer
nodul e 52. Moreover, it will be readily apparent to one skilled in the art
that a singjg |oadl ockyd Qembler bRy ShRbriohg st 40fﬂ‘1‘41ih\!air§,ﬁ%{h' ce for
the entrance to the front transfer nodule 44" -8719 Adgust 2004 fo 15 WO
01/ 82368 PCT/ USoMperspifigal|carbonsdigrade iy qoptaghvith themmbsiratei@sissembiadn cl ust er
tool, the front idsansicSfoBibiubstéste pAREHALESRb RIpIBISAL Blei fethl igSUr € and
provides an inert gas environnment for the sem conductor wafer. In the
first alternative nmetal deposition cluster tool, third and fourth

| oadl ocks cbupl e t he Thomtthbd aficlhen 1Owmdistein thé step dfienilnaming thansf er nodul e
52. AI SO I il theS Efcﬁttlcﬁlctaﬂoﬂ%tléx\{&? fﬁed}o?{ac{i‘ﬁﬁﬂﬁ{etslupﬁ‘[a% &@S%)Ieors ah%géqrbeﬁg | nert
gas injection arrangenent Is coupled to the fron ranster module.  In a
second al t er nat i fremtee subsetgosi ti on cluster tool, the first and second
supercritical processing nodules, 48 and 49, and the first and second netal
deposi tion dul es, 56 an 7, are coupled to a single transfer nodul e.
The first a]r{'rgr native h%?'glpgﬂgﬁlég?tli eFGBP‘PF?nBél?sS%?ﬂ@IB?lP@Hm%@ﬁ t he
pre}‘erred net al ﬁ@mﬁii&ﬂ@ﬁ;ﬁo@@ﬁoﬂﬂkmﬂ%ﬁﬂm ttd@gmlrceﬁvﬁ?meakunﬁimtdierosition
t ool separates the supercritical .processin modul es. fr.om t he neta

deposi tion nodul Igglogﬁgé?sﬁél}?gﬁeﬁaﬁéefiﬁgnﬁﬁ’&ﬁr%% %%Slﬁﬁng ?feaslf)léog(]?ﬁe%t’ fransfer
modul es. Thi s al plwigrefisiresidud, endher etok rexiduddpos thei sobstptopas do Testepf ofr st
alternative net td t is taught in U S. Patent Application No.
091704, 641 fil eg&eggﬁ%gg'_tﬁélrfa&g()@g%. which is incorporated by reference in its
entirety. It will be readily apparent to one skilled in the art that other
various nogh ficati onphdRythbe ofBldEn t vHeidn Beathelatifg agdip el ink RRUT
departing fromthe spiri.t agg sco%’%ﬁ%f the inventron as defined by the
appended cl ai rrs.grﬂ?'@pﬁ\‘?fb%%‘f‘g? 7 O§% A met hod of depositing a netal
fil mon a substrhig,cabheksivogo-Lidepensdnepionafl, 1, arfio@bpémanesd)pdionie] t i cal

car bon di oxi de I i J . substrate to
renove an oxi deaggyd?ra&??ﬂ(})l%ﬂgﬂ%%’?%ﬁﬁég’ %%?%%&3}3&%%—2&%@15@ rg’at e, thereby
formi ng a precl eaddd-tirpwethatheptaned, hdigep stivlenediantines dracesic atid, andn t he
precl eaned substgigtiemrdbéiroitd exposi ng the precl eaned substrate to a

mat eri al which oxidizes the netal surface of the precleaned substrate. The
nmet hod of claim 1 wherein the step of maintaining the 2.supercritical
carbon di oxi4dle and t ha neiedddfi degodiani metml Gdmtoact subbttdie Ediprising 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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substrate further conprises maintaining an acid in contact A 6%9004
substrate such that the acid dissolves the oxide |ayer. 3. The n%t od of
claim2 wherein the acid is selected fromthe group consisting of an

organi c acid and an inorganic acid. 4.oxide.The nethod of claim2 wherein
the oxide | ayer conprises a copper 5.The nethod of claim4 wherein the acid

conpri ses ayy organic | Eﬁg“’u AW\ . el . acid is

sel ect ed frg7rh the gr oﬁ%! %@éﬁ@fs i n'ﬁg’g(\)»@fe%egﬂe'ﬁlleg}egcoﬁ’gfaﬁﬁ%@%{ Scid, oxalic
aci d, mal oni ¢ acsupercsitipt £arbpd dinjde incpataciyifle tiei subsimiteidesetbsap@bsmbate nal i ¢
acid, lactic acifymant ads@skd, 9l ycine, alanine, |eucine, valine,

glutam ne, and lysine. 7.oxide.The nethod of claim2 wherein the oxide

conprises an al um num 8. The nmethod of claim7 wherein the acid conprises an
i norgani c atg.d. The nEhdwethodl of tlainil 7 futier edmiplidigg feisthpl of nshtaiigekther om t he

group 9.consisting of..hwdrofluori.c acid, ,buffere fluor.i cid,
Ormroni um s uor 1 cperi o shdion R Rl sonstt infRiet Kifh i Bhefle ' e
met hod of cl ai m Enfoye tahesiduseaiscied ifrogn theeratpeqonsiktimpoiiv pliotenagjst;, ke

supercritical Caﬂ%‘?&eﬂét%éi&?e, Ll &9&%@?&5}1&%%& ﬁ%fsﬁgé?&i@‘tﬁq? rf% ﬁ%eﬁsg&aoncéf?aﬁ”

adsorbate fromthe substrate’prior to the step o epo
film 11. The nedapositiag themetah fill.wherein the step of maintaining the
supercritical carbon dioxide in contact with the substrate desorbs an

absor bat e omthe substrate. 12.. . The_nethod of claim1l.further conprising

e stop of LSmi mt at ni Sndhe SEAsRARERS § AER N earBOR R EIEY SEPs S vent i n

contact with theasubstr at entintaiiegeweraiticelséaim diekide irecbnfaod mithitke gr oup

consi sting of a photo i st i j esi due

o S o s e
met hod of claim € group

EOQSilS:i -n?| of 2,4- Fengu@g@%g,gﬁgreby ﬁon%ai agde@m?)ﬁﬁ?mh taw;)roéz, g ggnt anedi one,
,1,1-trifluoropentane-2,4-di gng, , 6- ept ane- - di one,

2,2, 7-tri met hyl g‘at ane- 2, 4-%%5'@ @le,ew%@rae%{bgmfwmeﬁé alf?@@%?@ di one,

et hyl enedi anmi ne di aceghambacwvithowdtlpoding thie dedorbacRbieatatd slmafedial whidat hod of

depositing a netal fi%mon a sg%sitrabet conprising the steps of: a.

mai nt ai ni ng supercrit OULF 2 L8P POH 8P ERM 6™ nd an anine in contact with the

substrate to renove an oxidbpobitipg theffiipnorathedesirbedsambitede of t he substrate,

thereby form ng a precl eaned substrate ; and b. depositing the netal film
on the precl eaned substrate wi thout exposing the precleaned substrate to a

materi al whi®h oxi di zZEke mpidod gielgim &9 wharedndhe filge coyperiges amegialdilmst rat e,  15.
The nethod of claim 14 wherein the amne is selected fromthe group

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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consi sting of triethanol am ne, 2-nethylam noet hanol, pyr| di
2,2'-bipyridine, and pentanethyldiethylenetriam ne. ﬁ?mrjv% 2004
claim14 further conprising the step of nmintaining the supercri t| caI
carbon dioxide in contact wwth the substrate to desorb an adsorbate from
the substrate prior to the step of depositing the netal film -11 19 August

2004 17. Thggmethod ofyghg cﬁ:iga%ﬁcwﬁﬁbsm&%ﬂa@ﬁangt%mﬁfgﬁﬂew
t

supercritic carbon di in ¢on
absorbate from T4REFCEHE de Q‘%eﬁ ??E{(%w eopntact &"Ftkﬂlqls‘lﬂ’éﬁrﬁtﬁé’r

conpri sing the steapvoh resduetseleoteddrannthe goupecansisting af a plaotbesistlaoxi de and a
e ceont Aottt ERGye HRPLS B e IRIPUE AR B BRleiLest oM
t he group consisting o ‘t resr st ore5| st Sl an etch
resi due fromthe %Hélpggieénffﬁ ‘to the step of depositing the nmetal film
19. A method of depositing a filmon a substrate conprising the steps of

a. maintainyihg supercgiti rbo oxli ct with.the substrate
ina first %gsocesm ng‘B‘ éﬁ%de?fccfgo?lgﬂ%éEleéﬁg’&?"boé’taesui’ 3&%%“881’“%1?%% he group
consi sting of anstgissdr bate and an adsorbate fromthe substrate, thereby
form ng a desorbgd substr %ﬂ'lcliﬂ tyate to a
second processi né; chanbe?ﬁlg\nm%%u %5@}?«2@{%@&{‘@82@?% %g'{?‘?lzglég to a
material which for nmsSUlstE@aiwIeRIvER Sg’ihaﬁ‘eﬁe tedrfepre theqmpiensequisisng pkart i | m on

t he desorbed substr at ghsote e{ﬁh%nrﬁﬁ&diﬁﬂle%fonﬁhelsﬁbsh%téﬂhefe inthe film

conprises a netal film 21. The .nethod of . I m, her |5|ngthe
step of maintain?ng the SWBJQF@PP@% aﬁ“pi‘r&PBE?ﬁc Fiﬂi%“‘%r?d‘ ﬁgl ng agent

in contact with the sagestinaiostact with @resvibstedte mmedevéayemdéﬂaym fromed al
surface of the substr ep 40f depositing the netal filmon
t he substrate. Th@gﬁle@hrta f%esﬁﬁsusage E)Lrl\/\5?1er ein the step of maintaining
the supercriti c‘al car bon shbesdugetlndepositiog thrainatal filgn ey dhetsubstratowitheut wi t h

the substrate furtheg rGRPHSSBsIRL A AR Rl %ﬁic’ﬁ sz‘?n%r%fan}’! th the
substrate such that the acid dissolves_ the OXI l.ayer. 23. The nethod of

claim 20 further conpidatprienie depesiiing theameial aﬁhﬁﬁ\ﬁlé"flﬂ’é’u‘i%’ipﬁé%ﬂil@u cal

carbon di oxide and ansu@@ﬂrettetd #sezoid afaterial Which Torns s bkide@ribpto renove an
oxi de layer froma netal htace of .t he substrate prior to the step of

depositing the netal ‘?pIOFf‘\lS% S@AlB%rate. -12 19 August 2004 24. The
met hod of claim 20 further conprising the step of mai nt ai ning the

supercriticg carbon ﬁh%bﬂ%d%?@laﬁn%@kﬂh%f&ntﬂés Mk t‘h@e substrate to
renmove a residue sel ect rom.t nsis ? reS| st, a
phot or esi st r esi HPEICTILHR 05?08@&91‘1&%%] Egch"ﬁﬁfﬂgta@@ms‘ﬂﬁg{“@ %‘lb or to the
step of 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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depositing the nmetal film 25. A nmethod of depositing a netal N‘ubhgp%ma
substrate conprising the steps of: a. maintaining supercritical carbon

dioxide in contact with the substrate to renpbve a sorbate selected from
the group consisting of an absorbate and an adsorbate fromthe substrate;
b. maintaining the supercritical carbon dioxide and a chelating agent in

contact wth thecsubstrat egief &ARY Gefddithy HE nleBY Blim Oh MR QibstiRE Hithlt! f ace
I OHEIRT N, = vt
nonvol atil e sorbate poibete prior thequpositing thetrhetalnfidltradndf withnoua axbosirtgthet

exposing the substratg,49tedo 86 gn@%&r' hBLED xide prior to
depositing the netal fll??sm ,62% Tﬁ@ t oél“g%c \(I:\’l}ag?m fg&ﬁ re?ﬁfpt he step of
mai ntaining the supefgi9stingahe mstah8ingdi oxi de and the chel ating agent in
contact with the substrate further conprises maintaining an acid in

contact wthyathe subs th acid dissol ves the oxi.de .l ayer.
27. The net %’d of cl aitﬂrhgggﬂ'foﬁﬁ%%learlm?gnépﬁﬁ%icﬁlgnp{l ﬁ‘&gzﬁ)ee%epo?f%‘i“ﬁ’f‘&f‘%ﬂﬁg t he
supercritical castpsreriticokéadeonedioxide sud # eelveritin conacavithvihe bubisiratesabstrate to
remove a residuergeleclRdahd %&é@&&hgkbog@ﬁ;g%ﬁhéﬁﬁgoEEPﬁotB&QfsPraes' st, a

h ue"Tromthe Subs

phot oresi st residue, and an etch resi : rate prior to the
step of deposit PhRjoresist reaidue, and ppetchgesidue fsam de wbstmtppaet torfbe stemef al film
on a substrate ceagpsitiigiBe Bl fisheps of : a. maintaining supercritical
carbon dioxide in contact wth the substrate to renpve a sorbate sel ected
fromthe group consisting of an absorbate and an adsorbate fromthe
substrate; BO. mai nt ai Aimghohef depoeitiogiatmatall filoeorbosubdirate icdmpesidg de ami ne in
contact with theggybstrate to renove an oxide |ayer froma netal surface
of the substrate; and -13 19, August 2004.c, subsequentl epositin he
metal filmon th& substrat BHREABESPELE] F@"é?’h 1%§ st {\ffgﬁiaé&g@ggntf g‘?‘ét

mat eri al which forns anaddvotattidt svithsbe batstratpsidr thatvthe epid digsolvgs 4the net al
filmand without expogiag _14;;!39&@%&@%&%9o%é%&&aqtéﬁhﬁlﬁgéé st el or s

the oxide prior to deposifing the netal film .29. Th aim 28
further conprising thg%s"?‘@]ﬂ{%gag?ﬁit FTEFHWY TR IO%B@F%Y%F‘&‘&S 4car bon

di oxi de and a sol vent pimleamd_taxb;traab;tahdt he substrate to renove a resi due
sel ected fromthg group Copgicsinddh&hei ARPLRTRS Slleard sRORLAY Gtk

resi due, and an etch residue, fromthe substrate pri.or to the. st of
depositing the netal f:)mom%g the precr?eane% sullijstrate toamgtenal 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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30. A nethod of depositing a netal filmon a substrate conpig aigektobes
steps of: a. maintaining supercritical carbon dioxide, a chelating agent,
and an acid in contact with the substrate such that the acid dissolves an
oxide | ayer froma netal surface of the substrate and further such that
the chel ating agent carries away neal ions, thereby formng a precleaned

substrate; and b. depUhé4 pa&tﬁdlﬁdmﬁlaJSﬁlrthéﬂmﬁrﬁﬁlg%Qﬁé& de&ﬁl&strate

wi t hout exposin terial oxi di zes the
nmetal surface of gf%{%%m%tc Lﬁl%gggghzegg %ﬁ@%dgl% S“ilhn%sg IPS]Eau‘gn tra(% 5S| ting
a metal filmon ﬁloédsspm‘afﬂfé‘ apangst gasi engironmmenta t ransfer nodul e;

supercritical proceSS| ng nodul e coupl ed to the transfer m)dul e, c. a netal
deposi tion dul e; vacu t he net al osi tion.modul e
Co the | trantter moduf B SPRAE RO BHRH Aol s b BBRE o

bet ween t he supetodhe frpesfer m‘pﬁlﬁ%@%lth@ impprrpigorathe transfemmodule degyaiss &t on

nodul e. 32. The @dfpamat us of claim 31 wherein the transfer nodul e conprises
an entrance and a first robot. 33. The apparatus of claim 32 wherein the
entrance COF%)I‘I ses a | oadl ock. -14 19 August 2004 34. The apparatus of

clai m 33 fud@her conpFheippgratus dfrebaim Pashéreindbe vasnmumaneduigerepriscsoupl ed to
the transfer nodgcen$tbbtthat in operation the transfer nodul e provides an
inert gas environment. 35. The apparatus of claim 33 further conprising a
vacuum punp coupled to the transfer nodule such that in operation the
transfer nodll e oper aTksapgharatvseciicltim %ﬁﬁh&oﬁﬁpﬁf@tmlm thelvalve 32 wherein
t he vacuum nodul C r obot The apparatus of claim 36
further conpri S|ﬁog%glﬂgme\sfgansﬁ%ﬁgw\aa%qgthec‘(%’% I}lr%oquhe transfer nodule to the
vacuum nodul e. 38. The apparatus of claim37 further conprising a vacuum
punp coupl e to the ﬁ%ﬂa} I rther
conpri si ng 28 | oadl ock TR | oadl ﬁmﬁoﬁg i&nc'g)BJ %3‘?1&2 iy %gplieg t he
vacuum nodul e. 4@t qﬁ@“&@dﬁ?@{ trs of claim 31 vvherel n the supercrl tical
processi ng nodul e conprises a pressure vessel. 41. An apparatus for

deposi ti tal t ransf dul
Compri 51 ng S ont r anc P SRPeE TGRS o ea R ot B i dhater g

nmodul e coupl ed touphieg thedrmmbtfer 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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nodul e; c. a netal deposition nodule; and d. a vacuum nodul ey go4\Rk bogs t he
netal deposition nodule to the transfer nodul e, the vacuum nodul e
conprising a vacuum chanber and a second robot, wherein the first robot
and the second robot are configured to transfer the substrate between the
supercritical processing nodule and the netal deposition nodule. 42. An

apparatus conpribking: a. aaf)édkrttanhfeaﬂﬁ)ﬂﬁreo@ﬁﬁ!’éﬂﬁ)@l@fﬂbhtﬁhﬂ%rmlﬂ)é ther e
supercritical rnodul eéqc?(g é@ureg to treat a substrate Whth a _.supercritical

sol ution; -15 19 Augu mogdulg cRIPHFINE OpE Pr MBTR HERONHBMGUES t he front
transfer nodul e, the cd)ﬂigkrekirtaris;ﬁcsrt admﬁbnloénmmmtoﬂoml@mmcbsubme; and
deposi ti on nodul es confi e1V14 ggf{)? % 1B shﬂéﬁeali Q&bﬁ?lrﬁgk’t 9%{5 ert he

treated substrate; and c. errl ng Wween t he
front transfer modul @odwle an@éleﬂnelktramﬁmﬁ@dulwuho@ expediegithesubstrataty t he
substrate to the envijeQAtRsHmerd3. The apparatus of claim42, wherein the
nmeans for transferring the substrate between the first transfer nodul e and
the second transfer nodule conprises one or nore transfer robots. 44. The
apgar atus o43. ﬁl ai m 42Thd wﬁfamﬁs of]gtmﬂnl@, W@eﬁln/ﬁbvlﬁ:gﬁlg)forlu&ﬁéfaﬁ-ln ipghé Ee f
substrate within e 0 ront .tra ul e transfer
rodal ¢ 45, The SBLraRaase el P rias e B e Rt et oy e
for introduci ngecamisssibst oranere thsfelfvbosppar at us of cl ai m 45, wherein the
| oader nodule is coupled to the front transfer nodule.

44, The apparatus of claim 42, further comprising a valve for isolating the
substrate within the one of the front transfer module and the back transfer
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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